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Requirements for
Admission and Transfer

The rapid growth of the Institute during the last
few years has necessarily more directly affected the
work of the Board of Examiners than that of any other
group engaged in A. I. E. E. activities. Forty-two
hundred applications were considered during the year
ending April 30, 1926, of which one hundred and forty-
four were direct admissions and two hundred and
fifty-six were transfers to the grade of Member or
Fellow. Each of these latter four -hundred cases were
reviewed through the careful examination of the com-
plete professional records as submitted by the applicants
and the weighing of the statements of the references.
Many cases are of course easily disposed of because of
the unquestionable eligibility of the applicants to the
grades for which the applications are made. The
Examiners have found, however, that there is a con-
siderable group, composed of doubtful cases, and it is
this group that requires a large part of the Board's
time. Many of these cases are doubtful apparently
through the failure of the applicants to devote sufficient
time and effort to the submission of their records and
references.

The electrical field today is of such vast proportions
that no group of men, no matter how carefully selected,
is competent to judge the importance of an applicant's
work where the outline of that work is confined to a
simple statement of dates and positions held. Again,
two or more positions with exactly the same titles but
in different companies, may involve widely different
responsibilities. Considering this simple illustration
alone, of hundreds that continually arise, the Board of
Examiners urges all applicants to furnish records in
sufficient detail to give the Board a definite idea of the
engineering nature of their work and the 'degree of
responsibility imposed upon them in the execution of
that work. References should be selected particularly
to cover the period of work on which the application is
based. This usually means the last five or ten years,
depending upon the grade desired.

If those instrumental in recommending new members
will impress these facts on the applicants, and those
applying for transfer will keep them in mind, much
unnecessary correspondence will be eliminated and
action on all applications will be greatly expedited.

The Board of Examiners feel, and every member of
the Institute, as well as everyone outside its membership
who comes in contact with it, should feel, that ad-

mission or transfer in the A. I. E. E. is not a matter to
be regarded lightly but one well worthy of every effort
that can be put behind it.

Some Leaders
of the A. I. E. E.

John J. Carty, pioneer in the development of the
telephone art since 1879, was the twenty-eighth presi-
dent of the American Institute of Electrical Engineers,
through the term 1915-1916.

Mr. Carty was born in Cambridge, Mass., April 14,
1861. Starting at Boston, he has been in the Bell
System continuously since he left the Cambridge
Latin School in 1879. In 1887 he came to New York,
and spent two years with the Western Electric Company
in cable and switchboard development. In 1889, he
went to the New York Telephone Company, of which
he became Chief Engineer.

In 1907 he was appointed by Theodore N. Vail to
the office of Chief Engineer of the American Telephone
and Telegraph Company, and built up the staff through
which he directed the engineering and research work
of the Bell System. In 1919 he was elected vice presi-
dent of the company, which position he still holds.

While at Boston, he designed and constructed the first
metallic circuit multiple telephone switchboard. Dur-
ing 1889-1891 he published his original researches
in inductive interference and upon his experiments is.
based the theory of transposed metallic circuits. Mr.
Carty has numerous telephone inventions to his credit,
including the method of the common battery now in
general use, and the bridging bell which forms the basis
of all farmers' party -line telephones.

Among the engineering advances made under his
administration was the completion, on January 25,1915,
of the transcontinental telephone line, making possible,
for the first time, the transmission of speech from coast
to coast. In the same year, there was accomplished
by the staff under his charge the first transmission
of speech by radio across the Atlantic Ocean, across the
continent to San Francisco and to the Hawaiian
Islands.

From the Institute headquarters in New York, he
presided over its National Meeting, held May 16, 1916
in six cities; Boston, San Francisco, Atlanta, Chicago,
Philadelphia, and New York. By means of the long
distance telephone, the members in these remote cities
took part in the discussions and in the parliamentary
proceedings of a joint meeting-the first of its kind
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ever held. In a message of congratulation, President
Wilson said : "To conduct such a meeting by telephone
and make it possible for men scattered all over the
country to listen to the proceedings and participate in
them, is certainly a most interesting evidence of the
inventive genius and engineering ability represented
by the Institute."

In the Officers' Reserve Corps Mr. Carty was a
Major and upon the declaration of war, was ordered
into active service. Under the direction of the War
Department, and with the cooperation of the telephone
companies, he organized in the Bell System, twelve
battalions of Signal Corps troops. He was promoted to
Colonel in the Signal Corps, U. S. A., and served in
France on the staff of the Chief Signal Officer of the
A. E. F. In cooperation with that officer, he designed
the telephone and telegraph system for the American
Army in France, and was Signal Officer in charge of
communications, American Commission to Negotiate
Peace. He received the Distinguished Service Medal
from General Pershing in France, the thanks of the
French Army and the Cross of the Legion of
Honor.

For many years, Mr. Carty has been active in the
movement to encourage scientific research in uni-
versities and among the industries. He is now Vice
Chairman of the Trustees for the National Research
Endowment Fund for the support of pure science re-
search, of which Hon. Herbert Hoover is Chairman.
He is also a trustee of the Carnegie Institution and of the
Carnegie Corporation; a member of the Council of
New York University, a member of the National
Academy of Sciences and the National Research
Council, Honorary Member of the Franklin Institute,
from which In 1903 he received the Edward Long-
streth Medal for his "bridging bell system;" and the
Franklin Medal in 1916, for signal eminent service in
science. In 1916 the Edison Medal -was bestowed upon
him for "work in the science and art of telephone
engineering."

The Japanese have decorated him with the Order of
the Rising Sun and the Order of the Sacred Treasure,
and twice their government extended to him its official
thanks for services in connection with the establish-
ment and development of the telephone system
there.

He is a Brigadier General in the Reserve Corps of the
United States Army, a member of the War Department
Business Council, an Honorary Advisor to the Army
Industrial College, and national President of the
American Signal Corps Association.

Stevens Institute of Technology, and New York
University have conferred upon him the honorary
degree of Doctor of Engineering; Yale, Princeton, the
University of Chicago, Bowdoin and Tufts the degree
of Doctor of Science and from McGill University,
and the University of Pennsylvania he has received
the degree of Doctor of Laws.

Electrification and
Farm Prosperity

The unfortunate condition of agriculture in compari-
son with the exceptional prosperity of other industries
in this country in recent years, has called forth many
suggested remedies, among which are various bills
now before Congress. Prosperity, however, cannot be
obtained by legistation except as it may remove ob-
stacles, and the seasonal character of agriculture and the
fact that the farmer buys his supplies at prevailing high
prices and sells his product in a competitive low market
are facts that cannot be legislated away .

A more promising solution of the farmer's difficulties
is suggested in an address by General Guy E. Tripp, at
the recent N. E. L. A. Convention. A similar
solution was also given in an address by President
Glenn Frank at the recent Madison Regional meeting
of the A. I. E. E. The remedy is the decentralization
of industry.

Electric superpower systems are vital to industrial
decentralization. Without these systems, industries
will not spread out into the country, regardless of
advantages to be secured by doing so, but will remain
in congested centers. But wherever superpower sys-
tems are well developed, power can be secured almost
anywhere. Hence, as superpower systems grow, small
factories will multiply in the rural districts.

Now, the chief obstacle to the electrification of our
farms is the high cost of bringing electric service to
them. It usually does not pay to tap a high-tension
line and build a low-tension line to take care of the
relatively small demand of a few scattered farms, but
it frequently does pay to do these things to serve an
industry; and when once a service connection is made
and a line is built, neighboring farms can then be sup-
plied with electric power at a reasonable cost. Hence, as
small factories multiply in the rural districts, more
and more farms will be electrified.

No one questions the great value of electric power to
the farmer. Give the farmer electric power at a rea-
sonable cost, and he can immediately relieve himself
and his family of a large portion of their burden of
labor, reduce his costs, make his profits more certain,
and, what is of equal importance, raise his standard
of living to a level corresponding to that of the city
dweller, which will improve the morale of his family,
help to keep his children at home and make it more
easy for him to secure efficient labor when he needs it.

To sum up, the decentralization of industry will
enable the farmer to broaden the earning capacity of
his family, increase the business value of his farm and
make his home more attractive. It appears, indeed, to
be the most promising, if not the only practical influ-
ence that will bring agriculture back into step with
other American industries and restore prosperity to it.
If this can be done, it will mean the elimination of
discontent and radicalism from a large and influential
proportion of our population.



Abridgment of

The Quality Rating of High-Tension Cable
With Impregnated Paper Insulation

BY D. W. ROPER' and HERMAN HALPERIN'
Fellow, A. I. E. E. Associate, A. I. E. E.

Synopsis.-During the past five or six years, practically all of
the American cable manufacturers have made some changes in
their impregnating compound to produce cable having a low dielec-

tric loss. In a number of cases, these compounds were not well

chosen. During the same period, some of the operating companies

have reduced the thickness of their insulation, resulting in increased

dielectric stresses.
In a number of cases the compounds, and perhaps also the paper

that was used, developed faults that were more serious than high
dielectric loss. Some cables have been very deficient in dielectric
strength and others have developed a new type of trouble which has
been termed "ionization;" after a comparatively short time, the

operating voltage of such cable had to be materially reduced or the
cable replaced, in order to keep the lines in service.

The cable manufactured during this period has generally passed,
with a wide margin, the high -voltage tests required by the specifica-

tions. Occasionally a lot of cable which passes these tests by a
narrow margin will be shipped by a manufacturer and, in

such cases, the service record of the cable is unsatisfactory.
The investigations which form the basis of this paper consist of,

(a) laboratory tests to determine. what high -voltage tests cable,

known to be of good quality, will withstand; as well as similar tests

on other grades of cable. (b) A careful examination and dissection
of samples of the cable as received from the factory and samples
removed from lines which have failed in service or which have been in
service for a number of years without failure. (c) A comparison
of the operating records of the cable with the results of the dissection
and examination of the samples and with the factory inspection and
tests made on the cable before shipment. (d) Acclerated life tests on
long samples of cable having a wide range in quality.

The results of these investigations have been correlated in a
manner which permits of the determination of the relative quality of
several lots of cable purchased, as well as changes in the specifications
which must be made in order to secure satisfactory high tension
cable with impregnated paper insulation.

* * * * * * *

INTRODUCTION

AFTER the first few years of experience with
impregnated paper -insulated, lead -covered cables,
it was thought that a solution of resin in resin -oil

would be most suitable for the impregnating compound,
and for a number of years this type of compound was
used by practically all the American manufacturers,
excepting one or two who instead, used a solution of
resin in mineral oil. Cables operating above 7500 volts
had a large dielectric loss and this caused many failures
due to cumulative heating, and made it necessary to
operate them at materially smaller currents than
permissible on low-tension cables with no dielectric loss.
Upon this point being, brought to the attention of the
manufacturers about 1917, changes were made in the
impregnating compound, so that by 1923 the dielectric
loss had been reduced to such an extent that its effect
in reducing the carrying capacity became almost
negligibly.

The test results in recent years indicated that the
thicknesses of insulation were more than necessary, and
accordingly some of the large operating companies
purchasing large amounts of cable made reductions in
the thicknesses or increased the voltage rating for a
given thickness, for the purpose of reducing cost and
increasing line' capacities, and thus increased the
dielectric stresses.

1. Both of the Street Dept., Commonwealth Edison Co.,
Chicago, Illinois.

Presented at the Regional Meeting of the A. I. E. E., Madison,
Wis., May 6-7, 1926. Complete copies available upon request.

The changes in the impregnating compounds and
increase in the dielectric stresses developed a large
amount of operating troubles on the newer cables,
which made it necessary to replace them in some cases,
and reduce the voltage in others.

Up to the time that troubles of this kind developed,
it had been customary in this country for the cable
manufacturers to supply cable to the larger operating
companies under a five-year guarantee; and the
manufacturers' expense, due to this guarantee, was
very slight as most of the claims were due to defective
workmanship in the factory or mechanical damage
during shipment. The claims for dielectric loss failures
were practically eliminated by the A. I. E. E. rule for
maximum operating temperature of 85 deg. cent. minus
E, with E as rated voltage in kv. About two years ago,
the American manufacturers reduced their five-year
guarantee to a maximum of two years.

The principal safeguard of the purchasers had rested
in the five-year guarantee, as, for cables above 7.5 kv.,
normal operating voltage, the factory tests were quite
perfunctory. The tests served merely to eliminate
sections with very defective workmanship, but gave no
clue to the quality of the insulation unless it was very
bad indeed.

The situation to -day is not greatly different. High -
voltage cable which will meet the requirements of all
specifications which it has been possible to obtain
and which are published in any country, may prove
an utter failure within less than one year of operation
at its rated voltage. Troubles of this character have
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not been confined to any one country, manufact Lifer, or
opera! ing company; several cases of such trouble have
occurred within the year immediately preceding the
presentation of this paper. I-1 iglk-voltage cables that
have proved successful in service will pass all require-
ments of the most recent specifications by margins of
the order of 30 to 100 per cent.

As some of the troubles take two or more years
in developing, it is entirely possible for the guarantee
period to expire before the trouble has become apparent,
and then the operating companies are confronted with
the proposition of replacing the cable at their own
expense or operating it at a greatly reduced voltage.
Therefore, the reduction in the guarantee period threw
upon the operating companies, with the aid of the

m;ondacturers, the responsibility of devisiny tests to be
mailv upon the cable at the factory 1),44,r, ,hipment,
to permit of a determination as to w11,11icr or not the
cable will operate satisfactorily.

Some manufacturers stated that the troubles were
due to imperfect impregnation and suggested an
ionization test for the purpose of del prmining which
cables were satisfactory. Such a test has been used
in recent specifications. Further improvements were
made by making moderate increases in the test
voltages, but in spite of these slight changes the troubles
continue.

This paper describes the methods which have been
used in correlating operating experience on about
4,000,000 ft. of high -voltage, three -conductor cable

TABLE I
QUALITY RATING OF 500,000-CIR. MIL, THREE -CONDUCTOR, 13.000 -VOLT CABLE

Item
No._ - -

Base
Weight

Limits between which
were proportioned

values

Various
Values for

ManufacturersZero Weight Full Weight

Manufacturer
A B C fit bYear Made

1925 1925 1925 1922 1925-6A -Results of dissections and
visual examinations

1. Workmanship on copper 4 Serious imperfections No imperfections 2 . 0 3.0 2 . 5 3.0 4.02. Workmanship on lead 2 Serious imperfections No imperfections 2 0 2.0 2 . 0 2.0 2 . 03. Workmanship on insulation and
fillers 8 Serious imperfections No imperfections 7 . 5 6 . 5 6.0 6.0 5.04. Thoroughness of imprgenation 8 Poor throughout Perfect throughout 7.0 7.0 4.0 1.0 7.05. Tearing in bending tests 4 2 adjacent tapes at one

poidt; 3 torn tapes per
foot of cable No tears 3.6 3.9 4.0 2 . 0 1 .0B- Results of factory and

laboratory tests on insulation
6. Ratio of max. to min. insulation

resistance
-for sections
-for.lots 6 { 31..05 }

{ 1110175 }
4.6 4 . 3 - 1 0 - 8 . 4 4.4

7. Dielectric loss at 80 deg. cent,
watts per foot 4 0 . 75* 0 075* 3.6 2 . 4 3.2 2.2 1 . 3S. Increase in power factor at room
temperature from 20 to 100
volts per mil of insulation 8 0.02 0 00 3 . 2 0 . 6 0 . 2 0 . 0 2 . 29. Puncture voltage on straight
samples, kv 17 74.5 119.0 8.2 9 . 0 4 . 0 - 1 . 7 15.910. Puncture voltage on cold bent
samples. kv 18 65.0 104 . 0 21.2 22.6 8.3 - 8.8 26.311. Ratio of item 10 to item 9 8 0.75 1 .0 8.0 8.0 7.4 - 2 . 9 8.0C -General

12. Uniformity of insulation 13 Serious variations in qual-
ity of insulation

Reasonably uniform
quality

11.0 11.0 6 . 0 7.0 11.0
Total, Examination 26 22.1 22.4 18.5 14.0 19.0Total, Tests 61 48.8 46.9 22.1 -19.6 58. 1Total, General 13 11.0 11.0 6.0 7.0 11.0Grand Total 100 81.9 80.3 46.6 1.4 88 1

*Corresponding power factors of dielectric are 10 per cent and 1 per cent at 60 cycles.

EXPLANATION
Items 1, 2, 3, 4 and 12, in the absence of definite limitations in the

specifications,- are based on arbitrary standards established for the
guidance of the inspectors. The standards for zero weights would gen-
erally have caused the rejection of the cable had they been noted at the
factory.

The figures for zero weight for Items 5, 6, 8, 9, and 10 are the require-
ments of the latest specifications under which the cable was purchased.
Full weight is given for Items 6, 8, 9 and 10 for values which would give
a large factor of assurance for these qualities. All of these values appear
possible of attainment in the present state of the art.

Zero weight and full weight for Items 7 and 11 are about the extreme
limits of current American practise. The reasons for Item 11 are given
at some length in the paper.

In Item 6 the variation in insulation resistance is based on the largest
ratios found for the insulation resistances in the lots of cable as submitted
for inspection and tests by the manufacturer and also on the largest
ratio of the insulation resistances of the several conductors of any given
section in each lot. The weight for this item is divided equally between

the values for the lots of cable and for the individual sections. The latter
part would disappear for single-cohductor cable.

The values for Items 1. 2. 3 and 4 were determined by the Inspection
at the factory plus information obtained during and after installation.
The values for Items 6 to 10, inclusive, were based on the averages of the
poorest 20 per cent of the test results. In Items 1, 2, 3. 4, 5. 8 and 12
the values given to each manufacturer were proportioned between zero
and base weight and no negative values or bonuses were given on these
items. In Items 6, 9 and 10 the values were proportioned arithmetically
between zero and full weight and negative values were given if the results
were poorer than the values for zero weight, and extra weight was given
when the results were better than required for full weight. In Items
7 and 11, negative values were given if the results were poorer than
required for zero weight, and no extra value was given if the test results
were better than required for full weight.

All values are based on tests and inspection of cable received and ac-
cepted by the purchaser.

Note: At least 9 mi. of cable are represented in each of the above ratings.
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TABLE II
QUALITY RATING OF 350,000-CIR. MIL, THREE -CONDUCTOR. 35,000 -VOLT CABLES

Item
No.

Base
Weight

Limits between which values
were proportioned

Various
Values for

ManufacturersZero Weight Full Weight

Manufacturer M N 0 P Q Ap.

Year made 1925 1924 1924 1924 1924 1923

A -Results of dissections and eisual
examinations

1. Workmanship on copper 3 Serious imperfections No imperfections 2.7 3.0 2.3 2.6 2.5 2.0

2. Wlrkmanship on lead 2 Serious imperfections No imperfections 2.0 2.0 2.0 2.0 2.0 2.0

3. Workmanship on insulation anti tillers 8 Serious imperfections No imperfections 7.0 7.5 3.5 3.0 5.0 1.5

4. Thoroughness of impregnation 8 Poor throughout Perfect throughout 7.0 7.0 7.0 5.0 5.0 3.0
5. Tearing in bending tests 3 2 adjacent tapes at one

point: 3 torn tapes per
foot of cable No tears 2.9 0.5 0.5 2.0 3.0 2.5

B -Results of factory and labora-
tory tests on insulation

6. Ratio of max. to min. insulation
resistance -for lots

-for sections
6 / 3.0 1

11.5 f
f 1.30 1

t 1.075 i
6.0 4.8 5.9 5.3 0.3 -4.8

7. Dielectric loss at 80 deg. cent. -watts
per foot 7 2.1* 0.35* 3.7 2.0 0.0 6.0 6.2 0.1

S. Increase in power factor at room
temperature from voltages of 20 to
100 volts per mil of insulation 8 0.02 0.00 3.3 0.4 0.0 0.4 0.0 0.0

9. Puncture voltage on straight samples,
kv 17 160 256 17.7 16.3 7.1 2.3 -1.8 -1.8

10. Puncture voltage on cold bent sam-
ples, kv 17 140 224 20.2 12.1 12.1 10.1 -2.0 -3.4

11. Ratio of item 10 to item 9 8 0.75 1.0 5.6 1.4 8.0 8.0 3.8 2.2
C -General

12. Uniformity of insulation 13 Serious variations in
quality of insulation

Reasonably uniform
quality

11.0 12.0 12.0 6.0 10.0 5.0

Total, Examination 24 21.6 20.0 15.3 14.6 17.5 11.0
Total, Tests 63 56.5 37.0 33.1 32.1 6.5 -7.7
Total, General 13 11.0 12.0 12.0 6.0 10.0 5.0
Grand Total 100 89.1 69.0 60.4 52.7 34.0 8.3

*Corresponding power factors of dielectric are 6 and 1 per cent at 60 cycles.
The same letters are used in Table II and Fig. 12.
The data were obtained from orders of several thousand feet of cable for columns M and Q: all other ratings represent several miles of cables.
The explanation under Table I also applies to Table II.

purchased in the past six years from ten manufacturers,
with the specification requirement's and test results so as
to determine what changes and additions should be
made in the present requirements.

The object of the investigation upon which this
paper is based was to determine just what properties of
the insulation were responsible for the failures of the
cable in service and to indicate the changes that should
be made in the cable specifications in order to materially
reduce the number of service failures.

OUTLINE OF METHODS

With such a complex material as impregnated paper
insulation having a number of widely different and
independent qualities or characteristics, it is practically
impossible to compare the products of different manu-
facturers or different lots from the same manufacturer
by any single measurement. The most feasible method
of making a reasonably accurate comparison is to
adopt the scheme which has been used by engineers
with other types of material, that is, to assign weights to
the various qualities in the light of past experience,
and determine from test or inspection data the per-
centage of the maximum weight for each item which
should be allotted to each manufacturer or lot of
material.

Rating tables were first used by the authors to

compare the quality of cable indicated by proposals
from manufacturers, and later to compare cable
actually shipped. At first the ratings were purely
relative and did not permit a determination of the
amount of improvement which the manufacturers made
from year to year. To obtain this amount, the basis
was later modified so as to make all of the comparisons
on a fixed basis, which meant the adoption of a standard
for each of the items considered. Tables I and II give
such quality ratings for 13- and 35- kv. cables, re-
spectively. Sixty -cycle current was used for all
alternating -current tests.

During this period, it was the practise to make a
careful examination of the cable immediately ad-
jacent to each fault and also at the manhole ends of the
same section of cable. A detailed study of the results
of these examinations as the data accumulated and a
careful comparison with the test and inspection data
permitted the primary cause of the troubles to be
determined. A reference to the corresponding test and
inspection data then furnished a basis for determining
the base weights for each item, a part of the limits be-
tween which the values were proportioned, and the
values assigned to the several manufacturers for the
various items in the tables.

A perfect method of rating the quality of cables
would accurately predict their operating performance
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over a wide range of quality of insulation and be
equally applicable to the widely varying types of insula-
tion now on the market. In the past few years there
has been received cable ranging in quality from poor to
excellent. The system of the Commonwealth Edison
Company includes over 1300 mi. of 9- to 35-kv., three-
conductor cable. For all of this cable the service
records test and inspection data on the 800 mi.
purchased during the past six years from 10 manufac-
turers were at hand. In making attempts to devise a
quality rating method, each new constructive suggestion
was tested by calculating a new rating table with the
same original data in the endeavor to secure results
which would at least rate the cables in their proper
order of merit.

By carefully going over the operating records and
comparing them with the test and inspection data and
the results of examination of the cable near failures, the
rating tables were altered and adjusted so as to bring
the final results in accord with the operating experience.

While these studies were in progress, a series of tests
had been undertaken to determine what high -voltage
tests successful cable should withstand. After some
data had been obtained, it appeared perfectly feasible
to devise an accelerated life test so that the approximate
life of the cable would be indicated by the time that the
cable withstood the test. This resulted in another
method of rating the quality . of cables entirely in-
dependent of the first.

HIGH -VOLTAGE TESTS

For many years it had been noted that the high -
voltage tests which the cables actually witl- stood when
tested at the factory were very much higher than the
specification requirements. It had also been noted
in a few lots of cable which had proved to be of inferior
quality that the high -voltage test results were only
slightly higher than the specification requirements.
A series of high -voltage tests were, therefore, under-
taken to determine what changes should be made in the
specification requirements in order to eliminate such
inferior lots of cable and, at the same time, allow the
manufacturer a reasonable margin.

In the initial tests, the sections of cable were from 100
to 200 ft. long. Previous to applying the voltage,
several thermometers were fastened to the lead sheath.
With voltage on the cable, the sheath, which was
grounded, was examined by the test operators about
every 10 minutes, in order to detect points where the
sheath temperature was higher than the remaining
portions. At these points, which were called "hot
spots," an additional thermometer was fastened to the
sheath.

After failure occurred, portions of the cable including
the fault and perhaps "hot spot" sections would be
removed, dissected, and examined. The remaining
portion of the length was again tested and this procedure
was continued until the cable became too short for

further tests. Usually three to seven tests were ob-
tained on each original section of cable.

Several test voltage procedures were tried but most
of the tests were made with an initial voltage of 3.6
times normal voltage. As this voltage made the
tests unduly long for high grade 13-kv. cable, it was
decided to increase the voltage 20 per cent after eight
hours, and further increase the voltage 20 per cent
after a second eight -hour period. Later, in order to
obtain voltage -time curves, tests were made on samples
from given sections of cable at a number of voltages
maintained constant until failure occurred.

About 8000 feet of cable have been used in making
some 250 such tests. The cable was about equally
divided between new and second-hand cable. In
selecting the sections of cable for these tests, samples
were obtained from the cable that had been shipped by
the several manufacturers. The sections of second-
hand cable were selected so as to obtain similar data for
cables of a wide range of quality whose service records
were definitely known. The sections of cable used for
this purpose were removed on account of failure,
external damage, or changes in the transmission
system.

Discussion of Quality Ratings
A. WORKMANSHIP

The first five items in Tables I and II can be con-
sidered under the general heading of workmanship.
The information for calculating the values for these
items was secured from the factory inspection reports
and by examination of samples of cable taken from the
ends of sections as received or from the middle of the
sections whenever possible. Further information was
obtained from time to time by the examination of
samples of cable taken from sections removed on
account of failures in service or other causes.

A large variety of defects in the conductors, lead,
and insulation has been noted in these examinations,
and values were assigned to the first four items in the
rating tables on the basis of the influence of similar
defects found at or near the points of failure which
have occurred on test or in service.

Impregnation. The impregnation of paper -insu-
lated cable is satisfactory when:

1. The compound is suitable for the purpose.
2. The impregnating process is performed to

completely remove the air and moisture and thoroughly
impregnate the insulation, filling all voids in the
conductor and in the insulation.

Several tests have been evolved to determine whether
the compound will be stable, but such a test was
not included in the specifications for the cable covered
by this paper. Therefore, Item 4 of Tables I and II
refers to the completeness of the impregnation only.

The cable manufacturers contributed considerable
discussion on the item of impregnation in commenting
on the earlier rating tables, and apparently this dis-
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cussion was warranted by the importance of the subject.
No satisfactory explanation has been obtained for the
marked differences found in the impregnation on the
three conductors at one place in the cable nor for the
large differences in impregnation throughout the length
of one section.

When the insulation is examined near a point where
failure, due to ionization has occurred, a pronounced
difference in the impregnation is frequently found as,
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for example, the insulation of one conductor filled with
the evidences of ionization while the insulation of the
other two conductors will be entirely free from such
evidence. In other cases, many evidences of ionization
will be found in the insulation of.all three conductors
near the point of failure, but will be entirely lacking
in the manhole ends of the same section of cable.

Tearing of Paper Tapes in Bending Tests. The
routine tests on the cable at the factory include a
bending test on an occasional short sample that has
been cooled to the minimum operating temperature
which, for Chicago, is about minus 10 deg. cent. This
is followed by a puncture voltage test and, later by an
examination of the paper tapes in a three-foot section
of the cable, cut from the middle of the bent portion.
The number of tears of the paper tapes are noted and
recorded.

During the past few years, the leading American
manufacturers have made some marked improvements
in the workmanship of the insulation as shown by the
paper tapes being applied more smoothly and evenly,
the number of torn tapes in the bending test consider-
ably reduced, and the impregnation improved. The
extent to which these improvements in workmanship
have improved the quality of the insulation is indicated
by the reduction in the effect of the bending test on the
dielectric strength of the insulation.

The extent of this improvement is shown in Fig. 1
which gives the ratio of the puncture voltage, obtained
on the samples that have been subjected to the cold
bending test, to the puncture voltage obtained on

the straight samples. During the past few years
this ratio has risen from about 65 per cent to 100

per cent. It appears therefore that this ratio can be
used as an excellent test for workmanship.

B. TESTS ON INSULATION

Insulation Resistance. The insulation resistance
test is measured for each of the conductors of each
section of the cable, and the greatest present use for
the results is as an indication of the uniformity of
the manufacturing processes. In Fig. 2 is shown the
variation in insulation resistance of 125 consecutive
reels as submitted by two manufacturers.

Figs. 3 and 4 show the variation of the power factor
of the dielectric with the insulation resistance as ob-
tained from 30 consecutive reels submitted by two
manufacturers.

Fig. 5 shows similar data from two different lots
of cable submitted several months apart by another
manufacturer, and from such data and from other
tests showing that no change in the paper was made
during the same period, it is evident that the cable
manufacturer changed the impregnating compound,
a conclusion which has been verified by the manu-
facturer.

Dielectric Loss at 80 Deg. Cent. For uniformity,
the dielectric loss at 80 deg. cent is used for comparison,
although for 35-kv. cable it is realized that this is
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above the standard maximum operating temperature.
However, operating conditions occasionally arise which
render it expedient to carry an abnormal load on a
cable for a short time rather than open the line and
cause interruption of service. The dielectric loss
tests at 80 deg. cent. permit the heating of the cable
under such abnormal conditiorfs to be predetermined.

The manufacturers are now furnishing cable for
voltages up to about 20-kv. with insulation of such



510 ROPER AND HALPERIN: QUALITY RATING OF HIGH-TENSION CABLES Journal A. I. E. E.

low dielectric loss that this loss does not reduce the
carrying capacity of the cable more than one or two
per cent. For practical purposes this may be con-
sidered negligible. The effect of the power factor of
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which the experience was obtained. Fig. 6 shows a
number of curves taken from actual tests on samples
of commercial cables made by manufacturers that are
considered among the leading manufacturers in the
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the dielectric on the permissible current loading of
cables is indicated by the fact that if the power factor
is five per cent then the dielectric losses of three -con-
ductor 13-kv., three -conductor 35-kv., and single -

conductor 132-kv., cables of the Commonwealth Edison
Company are, about 0.37, 1.75, and 8.0 watts re-
spectively per foot of cable. Since the maximum
allowable copper temperature determines the total
heat loss in the cable it follows directly that for com-
mercial consideration, as the operating voltage in-
creases, the maximum allowable power factor must
decrease. Experience has shown that a dielectric
loss of 1.75 watts per foot of the 35-kv. cable does not
result in service failures due to cumulative heating.
The recent product of some of the leading manufactur-
ers has shown losses materially below this figure.

"IONIZATION" TEST

A test made by measuring the increase in power
factor over a certain specified range in voltage, say,
from 20 to 100 volts per mil of insulation thickness,
is called an ionization test. Several recent specifica-
tions require such a test on each section of cable.

Several European manufacturers contend that there
should be no increase in power factor for about this
change in voltage, while another manufacturer states
that increnRes of one and two per cent for, respectively,
single -conductor and three -conductor cables indicates
satisfactory impregnation. Probably each statement
is correct as applied to the particular combination of
paper and impregnating compound in the cable from

1600 0

world. Some of these cables having the greatest in-
crease in power factor over the specified range in voltage
have given the best service, while other cables having
a very small increase in power factor have been found
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FIG. 6-POWER FACTOR VS. VOLTAGE
For 350,000-cir. mil. three -conductor, 35-kv. cables from various

manufacturers

unsatisfactory for service at their rated voltage. In
several cases, subsequent tests have developed proof
that the impregnating compound was unstable, and
this means that a test on the impregnating compound
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itself is also necessary in order to insure satisfactory
cable.

All these facts indicate the necessity of considerably
more information before the proper limits for the in-
crease in power factor can be fixed for the various types
of insulation, so that all types will be equally satis-
factory.

The visible evidence of high -voltage discharges or
of ionization which are found upon dissecting the

BLACK SPOT

FIG. 7
Waxy flakes and black spots on center filler of three -conductor, 35-kv.

cable, impregnated with a heavy grease. Cable was removed after being
in service.

WAXY FLAKE

FIG. 8-MAGNIFICATION (7) DIAMETERS OF WAXY FLAKE
Removed from space between adjacent turns of tapes of conductor

insulation of same cable as in Fig. 7

STRIP OF WAX PAPER TAPE

FIG. 9-PHOTOMICROGRAPHIC CUT OF (7) DIAMETER
MAGNIFICATION SHOWING STRIP OF WAX

Along edge of a tape of the conductor insulation of cable impregnated
with a heavy oil

affected insulation, in the order in which they usually
appear to develop in service, are:

a. Waxy flakes and black spots in the compound
b. Black and brown spots in the paper
c. Fern leaf or tree designs in the paper, and pin

holes through the paper.
Figs. 7, 8 and 9 show evidences of these defects.
The evidences of ionization are generally found in

the largest quantity where the stresses are the greatest,
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but their distribution throughout the insulation varies
widely and appears to be affected by local variations in
the impregnation. In the high -voltage tests on
samples of cable, the waxy flakes develop only when
the tests continue for a long time, of the order of 50
hours or longer; but the other evidences are developed
by higher voltages in a much shorter time.

DIELECTRIC -STRENGTH TESTS

High -voltage tests on each section of cable were
never intended or considered as a test of the quality
of the insulation, but were made for the purpose of
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Curves A and C represent results from tests on 20 -ft. samples, Cable A
appears quite satisfactory; cable C, inferior and non -uniform, as shown
by wide variation in test results.

S R-suggested test requirements
P R-Present test requirements. Present specified tests
Typical test results on samples of cables that have proved unsatis-

factory in service:
°Dielectric -strength tests at factory
XHigh-voltage tests in Chicago

eliminating sections having serious defects in work-
manship. The first test required by American specifica-
tions to insure insulation of the proper quality was the
requirement of dielectric -strength test on a short
sample about seven years ago.

It has been found that 13-kv., three -conductor
cables which met all the requirements of the specifica-
tions but which failed on the dielectric -strength test
made in accordance with A. I. E. E. standards at a
voltage below seven times normal, have been in general
quite unsatisfactory. In order to obtain definite in-
formation on the proper dielectric strength require-
ments, a series of high -voltage tests were made on the
recent products of two manufacturers, and the voltage -
time characteristics thus obtained are shown by lines
A and C in Fig. 10. There is also shown typical
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 results of dielectric -strength tests at the factory and
accelerated life tests in Chicago obtained on cable that
has proved unsatisfactory in service. Tests on the
products of two additional manufacturers give re-
sults above line A. From these data and the data
obtained in factory tests and tests previously described
under the subject of High -Voltage Tests, it appears
quite certain that if cable will pass the voltage tests
corresponding to two or three well separated points on
line S R in Fig. 10, it will have sufficient dielectric

 strength to give satisfactory service. However, the
cable may be deficient in other respects; for example,
in ionization. At the present time it is possible to
secure cable from several manufacturers which will
average at least 30 per cent higher than the tests so
specified and at the same time leave the manufacturer a
reasonable margin.

As will be noted from Fig. 10, the test results for the
dielectric -strength test for 30 seconds were about the
same for cables A and C, but at lower voltages cable. A
withstood a given test voltage about five times as long
as cable C. These data show that the results obtained
from a short -time dielectric -strength test are misleading
as an indication of the quality of the insulation. In the
past, considerat le reliance has been placed upon such
misleading information regarding the quality of the
insulation.

The dielectric -strength tests at the factory and the
tests previously described under the heading High -
Voltage Tests, when correlated with operating ex-
perience indicate that

1. The short -time, dielectric-strengtht est should be
made at seven times normal voltage for five minutes; or,
if this test introduces pothead or terminal troubles, it
will be equally satisfactory to make the test at six times
normal voltage for 16 minutes.

2. Satisfactory results can be secured on the short -
time test with a sample about 15 ft. long under the
lead.

3. A long-time test should be made on samples of the
cable, and the requirements for this test should be four
times normal voltage for six hours.

4. In order to secure reasonably accurate results on
the long-time tests in which the failure may be caused
by irregularities that require time to develop, the
sample should be about 75 ft. long.

All of the points above mentioned are on line S R
Fig. 10, and if, for practical reasons, a slight modifica-
tion is desired in some of these tests, they should be
made in accordance with the line.

During the last few months, long-time tests at the
factory have been made so as to secure additional in-
formation. The test requirements provide that the
cable shall withstand 3.2 times normal voltage for
eight hours, and the procedure has been that following
this test, the voltage has been raised to 5.7 times normal
voltage and continued until the cable failed. The
.samples tested to date have withstood the higher test

voltage from about 2 to 12 hours. These data indicate
that satisfactory cables which are now being made for
13-kv. service will readily withstand the proposed tests
of four times normal for six hours, as well as the test of
six times normal for 16 minutes.

The data for lines A and C were obtained from tests
on cables in which the insulation was impregnated
with a grease or a heavy oil and their use should be
limited to such insulation. The lines indicate that the
voltage varies inversely as the seventh root of the
time and this law has been found to hold in tests made
by F. M. Farmer. It is entirely possible that a differ-
ent line would be obtained for cable in which the insula-
tion was impregnated with a materially different
compound.

COLD BENDING TEST

Bending -test clauses have been made a part of
standard specifications to insure that the cable will not
be damaged by the bending incident to its installation
in the conduit and training in the manhole. In
Chicago, the conditions require that cable installation
shall proceed throughout the entire year, except during
the very cold days of winter months; and so the speci-
fications for this cable have called for bending tests at
temperatures of about minus 10 deg. cent. The need
for such a test is indicated by investigations made
several years ago which have shown that in 3 per cent of
the cable which is in the manholes there are about 20
per cent of the total failures.

RATIO OF PUNCTURE VOLTAGE TESTS

It has been mentioned under the heading Workman-
ship, that the ratio between the puncture voltage
obtained on the sample subjected to the cold -bending
test and the puncture voltage obtained on the straight
sample, appeared to be an excellent test of workman-
ship. There is quite a variation in the results of the
tests on individual samples; e. g., the puncture voltage
on the cold -bent sample is sometimes 10 or 15 per
cent higher than that on the straight sample. A study
of recent test data shows that if the ratio were required
to exceed 75 per cent, it would necessitate good work-
manship and still allow an ample margin for the
variation between samples.

C. UNIFORMITY OF INSULATION

This item is a recent addition to the rating tables.
In the product of all manufacturers, deficiencies and
irregularities are occasionally noted, and some of them
can be eliminated only by conscientious workmen and
efficient inspectors at the factory.

Non -uniform impregnation is the most common ir-
regularity. Many failures have occurred at points in
the cable where there was a marked deficiency in the
impregnation. It would be of great assistance in
eliminating sections of cable having such deficiencies
and in reducing the number of failures which result, if
some test which would be a measure of the minimum
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quality of the insulation in any section tested could be
devised and applied to each section of cable at the
factory.

During the high -voltage tests made on three -con-
ductor cable, it was noted that if the voltage was of the
order of five or six times normal, a buzzing or crackling
noise from the electrical discharges within the insulation
could be distinctly heard. At some voltage, not well
defined, the internal noise becomes inaudible and, at a
voltage somewhat lower, the life of the cable becomes
indefinitely long. The indications are that the failures
of the insulation which occurred on high voltage tests
were brought about by the effect of these internal
discharges upon the insulation and that eventual
failure of the insulation is inevitable, if the voltage is
sufficiently high to cause these internal discharges.
If, then, a test could be devised which would indicate
the voltage at which the internal discharges begin,
this would be an indication of the limiting voltage at the
weakest point in the insulation throughout the section of

cable tested. Such a test applied to each section of
cable would be an invaluable addition to the tests now
available, as it would give a direct indication of the
minimum quality of any section of cable, whereas, the
best that can be accomplished with the present ioniza-
tion test is to determine the average quality.

The variation in impregnation, plus local defects
in workmanship and the resulting variation in the
quality of the insulation in a section of cable have been
the cause of many failures in service during the last few
years in cable that had pa -coed, with a wide margin, all
of the requirements of the specifications. Similar
variations have been frequently indicated by the
results of accelerated life tests on sections of cable;
and these tests have shown that if a portion of cable,
a few feet long, was removed from a long section of
cable, then the voltage rating of the remainder, with the
same factor of safety, could be increased by amounts
ranging from 15 to over 100 per cent.

HOT SPOTS

Further evidence of the non -uniformity of tie in-
sulation is contained in the record of the hot spots on the
lead sheath in the high voltage tests. These hot spots
were distributed with great irregularity along most
of the sections of cable tested. The temperature of the
lead sheath at these hot spots ranged from two or three
deg. cent. up to 74 deg. cent. above adjacent portions
of the sheath.

In tests on one section of the cable, sudden tempera-
ture rises of about eight deg. cent. developed in less
than 10 minutes in two hot spots, accompanied by
loud crackling and buzzing noises, followed by a dis-
appearance of the noises, and a decrease of about
eight deg. cent. in the temperatures. Then the
temperatures increased five deg. cent. slowly to the end
of the test, when failure occurred elsewhere. A
broken filler was found at one of these hot spots.
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As the location of the hot spots was recorded by
reference to marks made on the original section of cable,
it was possible to determine whether the hot spots would
reappear at the same locations after an interruption of
the test. Sixty per cent of the hot spots which de-
veloped in the first tests on 13-kv., three -conductor
cable reappeared on subsequent tests. For the 33-kv.,
three -conductor cable, the corresponding figure was
84 per cent. In those tests where failure was in the
cable and the time of the test was sufficient to result
in hot spots of two deg. cent. or more above the mini-
mum sheath temperature, 74 and 53 per cent of the
failures occurred in hot spots for, respectively, the 35 -
and 13-kv. cables; 41 and 27 per cent, respectively,
of the failures were at the maximum hot spots.

The study of all records shows that, in general,
the cable manufacturers that have the best control
of their materials and manufacturing processes, as
evidenced by the uniformity of test results and in-
spection data, make the best cable.

STABILITY OF IMPREGNATING COMPOUND

Recently it has been discovered that certain pre-
viously used impregnating compounds are entirely
unsuitable for use in high voltage cables, that is,
cables with average stresses exceeding about 40 volts
per mil, and that when such compounds are used,
the most perfect process of drying, vacuum treatment
and impregnation will not prevent rapid deterioration
of the insulation. F. M. Farmer2 has devised a test
which will indicate the relative stability of compounds.
From his data it appears feasible to devise a clause for
specifications which will eliminate unstable compounds.
A large number of failures of the 35-kv., three -conduc-
tor cable can be directly traced to this cause as well as a
smaller number of failures occurring on 22-kv. and 13-
kv., three -conductor cables.

COMPARISON OF QUALITY RATINGS WITH ACCELERATED
LIFE TEST RESULTS

The relation between the quality ratings given in
Table I and the results of the accelerated life tests made
upon sections of the same cable is shown in Fig. 11.
The variations of the individual points from the curve
as drawn are no greater than might be expected from
the variations in the quality of the insulation. As the
accelerated life test for those cables having a life of only
a few years has been found to be a fairly accurate
indication of the service record of those cables, it
appears that the curve in Fig. 12 verifies the results of
the quality rating table, as a prediction of the service
records of the cables of widely varying quality.

As the zero base weights in Table I practically
correspond with specification requirements, Fig. 11
indicates that if the cable passes the specifications
with a narrow margin, it will be unsatisfactory in

2. "Tests on High -Tension Cable," by F. M. Farmer,
presented at Regional Meeting of A. I. E. E. at Madison,
Wisconsin, on May 6-7, 1926.



511 ItOPER AND IIALITHIN: Q1'.1.1TY ic.vt't\t;
I I:

service, and this indication is confirmed by experience.
In the tests at the factory for cable B', the dielectric -
strength tests were passed by a narrow margin, and
there was a high percentage of failures in the voltage
test on each section; there were several failures, both
in the test after installation and in the first few months
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FIG. 11-RELATION OF QUALITY RATINGS WITH ACCELER-
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results in a maximum dielectric stress of about 72 kv. per cm.
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of service. A very similar experience was had with
another manufacturer. A study of the rating table
clearly indicates the changes in the specifications that
must be made in order to eliminate such cable by means
of the factory tests.

Cable E was of slightly higher quality and gave
somewhat better results in the factory tests and in
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approximately 125 kv. per cm.

service. Cable C was of still better quality, but the
quality as indicated by inspection and all of the tests
was very irregular. About 10 miles of this cable was
installed and placed in service last fall, and one service
failure, which was due to no apparent cause, occurred
within two months.

Cables shown by A and B and installed last fall

hit 1 bad no failures in service. '1111. 101:111, ti 1,f thesi
cables appeared so high that lengths of about :;00 ft,
each were installed on 25 -cycle, 20-kv. lines last fall in
order to verify the quality rating as determined from
the table. No failures on these test lengths have
occurred to date.

Table II is a rating similar to Table I for typical
examples of several different grades of 35-kv. cable
which have been received to date. Fig. 12 shows
the relation between these quality ratings and the
accelerated life test results. Several of the cables
represented have proven unsatisfactory for operation
at 35-kv.; they developed the signs of ionization
previously described and tests on their impregnating
compounds show that they would have been rejected by
Mr. Farmer's test for stability. The curve in Fig. 12
cannot be drawn with as much accuracy as the curve
in Fig. 11, but Table II and Fig. 12 appear to indicate
necessary changes in the specifications to insure
satisfactory 35-kv., three -conductor cable.

As supplementary to the quality rating tables, the
accelerated life tests appear to be a great aid, since they
have revealed that even the best cables in Tables I and II
still have irregularities;for instance, protruding strands
of the conductor, and misplaced and broken fillers.
If the tests are made on 13-kv. cable at about four
times normal voltage, the results show:

1. Cable of very poor quality will usually fail
within a few minutes without any visible signs of
deterioration upon examination.

2. Cable of somewhat higher quality which lasts
about one-half hour will develop hot spots showing
irregularities in the cable, and may also develop slight
tree designs and black spots.

3. Cable which will withstand this test for several
hours will develop tree designs and black spots ac-
companied occasionally by punctures through one or
more of the layers, perhaps some distance from the test
failure; and the temperature of the sheath will rise
about 10 to 90 deg. cent. above ambient temperature.

4. In cable of such a quality that it will withstand
the test for about 50 to 100 hours, tree designs will
usually be more advanced, and if the compound is
unstable waxy flakes will probably be formed.

It is recognized that Table I and II are not perfect.
They can never be made more accurate than the data
from which they are developed, and these data will
always vary in accordance with the non -uniformity
of the insulation. Changes in the rating tables will be
required as additional information is secured and
especially to permit the tables to be properly applied
to some of ,the new types of insulation which are now
being developed. However, there appears to be no
reasonable doubt as to the feasibility of using the
quality rating methods outlined in this paper as a basis
for modifying the specifications in order to secure cable
of the desired quality.
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CONCLUSIONS

1. All high -voltage tests on samples should be con-
tinued until failure occurs.

2. Long-time tests at several times normal voltage
should be made on samples of the cable at the factory.

3. A test requirement should be inserted in high
voltage cable specifications to prevent the use of un-
stable impregnating compounds.

4. The ratio of the puncture voltage obtained on
the cold bent sample to the puncture voltage obtained
on the straight sample appears to be an excellent test
of workmanship.

5. A test is needed to indicate the minimum im-
pregnation in a section of cable.

6. The best cable is, in general, made by the
manufacturers that have the best control of their
processes, as indicated by the uniformity of test results
and inspection data.

7. If tests on three -conductor, high -voltage cables
are of sufficient duration to develop hot spots, it has
been found that (a) a majority of the cable failures will
occur in hot spots and about one-third of these failures
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will be in the maximum hot spots; (b) a majority of the
hot spots will reappear in subsequent tests on a given
section of cable.

8. Higher quality of the insulation is necessary
as the operating voltage increases.

9. If the compound is stable, and test and in-
spection data are properly correlated with operating
experience, then quality rating tables can be used to
predetermine with reasonable accuracy;

a. The relative merits of several different types
of insulation or lots of cable.

b. The service record of any particular lot
of cable.

10. Accelerated life tests made at suitable voltages
followed by careful dissection and examinations of
the insulation give consistent results which confirm
the quality rating tables.

The authors gratefully acknowledge the efficient
assistance they have received from C. E. Betzer, K. W.
Miller, Karl Horine and L. B. Schofield in. securing
and correlating the information on which this paper is
based.
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Dielectric Absorption and Theories of Dielectric
Behavior

BY J. B. WHITEHEAD'
Fellow, A. I. E. E.

I. INTRODUCTION

OF the various component parts entering into
electrical systems of all characters, the insulation
is the least susceptible to exact computation and

design. In few, if any cases of even simple and pure
materials are the dielectric properties, resistivity,
dielectric strength, specific inductive capacity, either
constant or uniform; and in the cases of composite and
fabricated insulations of manufacture the variations
are extremely wide. As results, in all cases liberal
factors of safety to cover the worst probable conditions
must be allowed, resulting further in increased size and
cost, and in undesirable magnitudes of other proper-
ties, such as dielectric loss and phase difference, volume
and surface conductivity, circuit capacity and con-
ductance, etc. Little if any attempt has been made
to control the. inherent characteristics of simple di-
electrics, or to study their influence in combinations.
Physicists appear to have all but forgotten the unsolved
problems of dielectric behavior, or perhaps to have

1. Professor of Electrical Engineering, Johns Hopkins
University, Baltimore, Md.

Presented at the Midwinter Convention of the A. I. E. E., New
York, N. Y., February 8-11, MC. Copies of complete paper,
including bibliography, available upon request.

given them up. The control of manufactured insula-
tion appears to be limited to heat treatment, princi-
pally for the purpose of elimination of moisture-
a sufficiently important object-and to the obtaining
of pure raw materials. Studies of the properties
of these materials in their bearing on those of the
composite final form of the insulation have not ap-
peared in any quantity.

The Committee on Electrical Insulation of the
Division of Engineering and Industrial Research of the
National Research Council was formed for the purpose
of pointing out the directions in which research in this
field would be most profitable, and if possible to pro-
pose a plan for concerted experimental attack.

The literature describing work already done on
dielectrics, from the points of view of both theory and
practise, is enormous in volume. Many important
data are hidden in this mass, as well as much careful and
competent theoretical analysis. In order, therefore,
to have as clearly as possible before it the results of all
this work, the Committee has deemed it its first
important duty to review the entire literature of
dielectrics and insulation and to attempt to gather
together the important results of the work of others
into a series of reviews; and further, to draw from these
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reviews conclusions as to the most promising directions
for future work.

II. HISTORICAL OUTLINE
Dielectric theory may be said to have had its origin

in the work of Cavendish2 (1773). Although looking
for different values of induced charges amongst various
substances, and not apparently noting the distinction
between conductors and dielectrics, he nevertheless
showed clearly the influence of the specific inductive
capacity of the latter, and his measurements give a
scale of relative values.

Faraday's elaborate studies on the exact equality
between inducing and induced charges on concentric
conductors, with and without dielectrics and conductors
between them, led to his famous conception of a point
to point transference through the mediumof the influence
of an electric charge, at a point, or on a conductor, at a
distance. Following immediately therefrom are his
well-known ideas of lines of force, tubes of induction,
and dielectric polarization. Maxwell's matchless genius
appreciated the importance of Faraday's work and
theory, and saw the applicability of the theory of
potential, as already developed by Poisson for the
magnetic field. Maxwell introduced the conceptions
of volume distribution of charge-the polarized mole-
cule-as the active part of the medium demanded by
Faraday, electric displacement and its magnetic effect,
and built up the theory of dielectric behavior which has
ever since constituted without rival, the foundation
of all subsequent physical research, and of all electrical
engineering applications.

The outstanding features of the theory thus briefly
outlined, are the idea of dielectric polarization as
developed by Faraday, and Maxwell's generalized
analysis of the dielectric field. The treatment built
up assumes constant values for dielectric susceptibility
and specific inductive capacity, and it is interesting to
note that these assumptions are common today in
elementary text books, and even in more advanced
treatises, in spite of our long knowledge of the limita-
tions pertaining to such a view. The explanation is
apparently found in the facts that a few substances show
little or no dielectric absorption, and so constant values
of susceptibility, and that with care in preparation, the
error arising from dielectric absorption may be reduced
for many substances to small value. In other words, it
seems to be generally assumed that the phenomenon of
dielectric absorption, which is not accounted for by
fundamental theory, is an anomalous property of
certain dielectrics, which would probably disappear if
sufficient care were taken in the elimination of im-
purities. As a matter of fact, however, there are few
substances which show no absorption, and many
show it in conspicuous degree. Absorption, therefore,
should rather be considered a normal property of all

2. A bibliography of all work referred to, and classified by
subject will be found at the end of the complete paper.

dielectrics, although not yet rigidly susceptible to
expression in terms of fixed constants or definite
functions.

Dielectric absorption made its appearance in the very
earliest days of electrostatic experiment in the residual
charge of the Leyden jar (1746). It is described at
some length in the experiments of Benjamin Franklin
(1748). It was thus well recognized by Faraday and
Maxwell. In fact, as well known, Maxwell gives us the
first attempt at a theoretical explanation, in terms of
the normal constants of specific resistance and specific
inductive capacity, as described in further detail
below.

III. DIELECTRIC ABSORPTION AND RELATED
PHENOMENA

We may conveniently describe the phenomenon of
dielectric absorption, and other allied properties of
dielectrics in terms of the behavior of a simple parallel
plate condenser.

Since it is probable that no dielectric or insulator
exists which is entirely free from conductivity, it has
been customary since Maxwell's classical analysis, to
consider that in all dielectrics the polarization and
conduction currents are superposed on each other.
We may, therefore, extend our definition of a "normal"
dielectric to include also the property of conductivity.
Therefore, in the above case we must also recognize
the presence of a conduction current, i9, added to the
charging current i1 (t).

Dielectric Absorption as Observed in Experiment.
Referring to our elementary condenser, the application
.of continuous voltage is followed by the instantaneous
charging of the geometric capacity, current i 1 (t),
a conduction current, in, which may or may not obey
Ohm's law, and a slowly decaying "anomalous,"
or "absorption," or "residual" current, i11 (t). If this
current, i11 (t), is all of ``reversible" type as is usually
the case in solid dielectrics, it builds up the stored or

residual charge, Q1 = f i11 (t)
0

initial discharge of the geometric capacity, appears as
the building up of a difference of potential between
the plates if the condenser stands open, or as
a slowly .decaying discharge current giving a charge,

Q2 = f i2 (t) d t, if the condenser is short-circuited.

In such cases (i. e., if Q2 = Q1)) ill (t) will be called the
"reversible absorption current." In liquid dielectrics
there is also a steadily decreasing residual current
till (t), but this does not in general obey the same laws
as in the case of solids, and in nearly all cases there is no
corresponding discharge current i2' (t). In such casestill (t), will be called the "irreversible" absorption
current.

The Reversible Absorption Current. This is the

d t, which after the



June 1926 WHITEHEAD: DIELECTRIC ABSORPTION

absorption current commonly observed in good solid

insulators, free from moisture, and there is good
experimental evidence that the charge and discharge
currents have the same form i. e., in equation (2)

(t) = i2' (t). Systematic and reliable studies of the
mode of the variation of the absorption currents of
charge and discharge, may be said to have begun with
Kohlrausch (1854). They received a great stimulus
in the experiments of Sir John Hopkinson who made
extensive studies in the period 1876 to 1897, and in
which he appears to have had the benefits of Maxwell's
advice (Paper No. 19). Maxwell was deeply in-
terested in the phenomena in dielectrics and treats
them at great length.

Kohlrausch, Hopkinson, Giese, J. Curie, Schweidler,
Shuddemagen, Jordan, Tank and others have found
that the time variation of the reversible absorption
current may be expressed with close accuracy by the
empirical formula:

i1' (t) = a t-'" (3)
Others have found that the following formulas express
their observations more closely:

By J. Curie, Maldes, Wagner, Steinmetz:
j11 (1) = a e -b`" (4)

By J. Curie, von Schweidler, H. A. Wilson:

a
i1' (t) - 1 b t

By Trotiton and Russ:
a

i1'(t) = b +c

(5)

(6)

By Fleming and Dyke, Thornton:
i11(t) = a et c (7)

General Formula. With change in the value of the
applied voltage, or of the thickness of the dielectric, the
time rate of variation of the current is unchanged, but
the values are increased in proportion to the voltage
gradient (Curie, Wilson). The stationary final value
of the charging current also obeys Ohm's law in most
cases, and so may be considered as a normal conduction
current. In a few cases, this conduction current is
either absent or negligibly small, although the absorp-
tion may be quite large; e. g., ebonite (Gaugain,
Malcles). Generally, therefore, we may write:

= B C Eo = co (0 (8)
in which B is a constant and (19 (t) a definite function
for the material of the dielectric, and C the geometric
capacity proportional to the area and inversely as the
thickness.

Temperature has a marked influence on the absorption
current. There is universal agreement, that tempera-
ture increases both the currents ill (0 and i2' (t), as
well as the final conduction current.

The Principle of Superposition. One of the earliest
features noticed in the phenomenon of residual charge
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was the occasional reversal of its sign as related to the
foregoing charge. Hopkinson (Papers No. 18 and 19)
studied this property in glass at great length.

The following more exact statement of the principle
of superposition is due to von Schweidler: After any
change, A E, in the voltage, the actual observed current
takes on an additional term, and is made up of a term
representing the undisturbed variation of the original
current, and a superposed current which so varies as
though a voltage of the absolute value of the change in
voltage, A E, had been applied to the uncharged con-
denser. If, therefore, at time t = 0, the voltage E0
is applied, and then at times tt, t2, t3, etc., any positive
or negative changes of voltages Ai E, A2 E, A3 E are
applied then we have as the value ofill at any instant t.

(t) = BC [ E 0 co (t)01E. co (t- t1)
+ A; E (t - t2) . .1 (9)

Obviously the conduction current is not included in the
above expression. Thus, if the final conduction current
is subtracted from the charging current, it is seen that
the equality of the reversible charge and discharge
currents (ill = - i2') is merely a special case of the
principle of superposition.

Still more generally it follows, if the principle of
superposition be true, that for any continuous variation
of the voltage as expressed by the function E (t), the
reversible absorption current is given by:

(t) = B C . (E (u) ) . co (t - u) d u (10)-dd u
6

in which t is the instant at which ill (t) is measured and
u is the elapsed time controlling the variation of E.
We shall see that formula (10) is of great importance as
a means for computing the value of dielectric loss due
to alternating electric stress.

IV. THEORIES OF DIELECTRIC PHENOMENA

Theories of Dielectric Absorption. Ever since the
phenomenon of residual charge was recognized there
have appeared suggestions and hypotheses as to the
general nature of the underlying processes. Beginning
with mere suggestions in the early days, as for example,
the slow penetration or "soaking in" of the charge,
(readily shown to be untenable) they have increased
in elaboration and complexity as further knowledge of
the phenomenon has been gained. In reviewing these
theories today we are presented with such pictures as a
viscous yielding of the dielectric, frictional motion of
molecules and electrons, infinitesimal conducting par-
ticles embedded in insulating sheaths, the free motion
of electrolytic ions, dielectric hysteresis, the capillary
motion of water, etc. It is impossible within a limited
space to give a complete view of all these theories.
It appears best, therefore, to attempt their classification
into a few groups and to give one or two conspicuous
examples in each group, with some attempt to outline
the reasoning and evidence in support.
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Most physicists offering explanations of absorption
have apparently considered that the observed phenom-
ena in anomalous dielectrics are not consistent with
the fundamental equations of the electromagnetic
field, and have built other equations based on new
special properties of the dielectric, not embraced in theolder theory. There is, however, one conspicuous
instance, that of Maxwell, in which the fundamental
equations are taken as a basis. We may, therefore,
select two of our groups in accordance with these twoviews, and add a third to include those looking to
present theories of the internal structure of the atom
as bases for the explanation of dielectric behavior.
There is also a possible fourth group as proposed by
von Schweidler, in which anomalies of conductivity are
invoked, but .the evidence in support is not so strong
as in the other groups.

Our classification of theories of dielectric absorption
is then as follows:

1. Those in which the fundamental magnetic
equations are retained, and the anomalies of dielectric
behavior are attributed to anomalies of the structure
of the dielectric medium.

2. Those in which the departures from the funda-
mental laws are attributed to anomalies of dielectric
displacement without reference to underlying mecha-
nism. Dielectric displacement is not proportional to
field strength, but dependent on the preceding state
of the dielectric.

3. Explanation of displacement and its anomalies is
traced to the motion of electrons within the atom.

' 4. Explanations based on anomalies of conductivity,
such as the free motion of ions, electrolytic dissociation,
water in bulk or in capillary filaments.

GROUP I

Maxwell. All students of dielectric theoryare familiar
with Maxwell's treatment of absorption. He starts with
the assumption that all dielectrics have both specific
inductive capacity and conductivity as we know them
in normal dielectrics, and that under electric force they
function simultaneously and independently of each
other. The assumption is justified by the experimental
facts that conductivity may be observed in even the
best insulators, and that poor insulators with very high
conductivity also manifests specific inductive capacity.
No further assumptions, as for example as to the origin
of these properties, are necessary in Maxwell's
development.

For simplicity he then assumes a dielectric as built up
of a number of plain strata of different materials of
thickness al, a2, etc., stating that a medium formed
of a conglomeration of small pieces of different materials
would behave in the same way, although the case is not
susceptible of exact analysis. The obvious assumption
then is that every dielectric which shows absorption
consists of a mixture of two or more different materials,
even though under our closest examination it may

appear to be homogeneous. Considering unit cross
section, let X1, X2, etc., be the electric intensities in the
several strata, fi, f2, etc., the displacements, k1, k2, etc.,
the reciprocals of the specific inductive capacities,
ri, r2, etc., the specific resistances, p I, P2, etc., the con-
duction currents, and we have at any instant:

X,
pi = r (11)

Xi
rirk1

and

(12)

X1 1 d Xiu - (13)ri 4 7r ki d t

in which u is the current in the outer circuit and so in
each layer. Similar equations hold for the other layers.
,The total e. m. f. on the condenser is the sum of X1,
X2, X3, etc. From equations (13) the X's may be
evaluated as similar functions of u, in terms of the differ-
ent values of r and k, and so an expression may be had
for u in terms of E, i. e., the charging current of the
condenser as function of E, the constants of the material
and the time t. Maxwell does not derive this expres-
sion, but states that if there are n layers of material
having different values of the ratio r : k, the combined
general equations (13) will form a linear differential
equation of the nth order with respect to E, and the
(n - 1)th order with respect to u, t being the independ-
ent variable. He also shows that if the ratio r : k
is constant for all layers the case reduces to that of a
homogeneous dielectric.

Experimental evidence in favor of Maxwell's theory
is very meager, and chiefly limited to indirect and
broadly qualitative confirmatory observations. Cohn
and Arons tested the assumption that polarization and
conductivity occur independently by means of parallel
condensers of different dielectrics and found good
agreement. Mixtures of xylol and anilin showed a
10,000 fold variation of resistance with only a M
variation of dielectric constant. Rowland and Nichols
showed that in perfect samples of calcite and possibly
quartz, probably the most nearly homogeneous sub-
stances available, there is no absorption. Hertz
showed that benzine, a homogeneous fluid, when impure
shows absorption, which disappears on purification.
Arons claimed that carefully purified paraffin shows no
absorption; this is disputed however by Dessau and
others. Wagner finds extremely low values of power
factor at 5000 cycles for ceresin and paraffin, but that
for a 50 per cent -50 per cent mixture the power factor
was increased several times. Muraoka by careful
purification found no absorption in parraffin oil,
petroleum, resin oil, turpentine and xylol. For layers
of air and paraffin absorption appears. Many ob-
servers have found that the observed curves of charge
and discharge currents, while not obeying the exponen-
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tial law with a single term, can nevertheless be repre-
sented readily by several such terms, as called for in
Maxwell's most general case. The principle of super-
position as observed by Hopkinson and Curie has been
shown by von Schweidler to be a necessary consequence
of Maxwell's theory. However, its firmest basis is
found in the fact that it introduces no new phenomena
nor assumptions, but relies only on properties of
matter already well known, and on fundamental
electrodynamic equations. This, more than any ex-
perimental confirmation, accounts for the firm hold
that this theory has on the mind of the physicist of .
today.

The chief disadvantage that the theory suffers is that
it not only has had no quantitative nor exact experi-
mental confirmation, but many experiments appear to
offer actual contradiction. Many observers have found
other expressions than the exponential for the absorp-
tion current, of whom particular mention may be made
of Curie, Fleming and Dyke, and Trouton and Russ.

Wagner. Maxwell's development assumes successive
layers of different dielectrics, each having different
values of r and K. Many layers must be assumed to
account for the results .of experiment, and this leads to
mathematical difficulties. The charging curve for
two substances obeys the negative exponential relation
to the time as already noted. Using this relation
K. W. Wagner examines the curves taken on various
substances, and states that only a very few exponential
terms are necessary in any case to account for the
curves of experiment, and moreover that the time
constants of these terms group themselves more or less
closely about a principle value T0.

GROUP 2. THEORIES BASED ON ANOMALOUS
DISPLACEMENT

As the phenomena of anomalous charge and discharge
were known long before the discovery of the electron and
ionic conductivity, it is natural that early theories as
to their causes should have taken the form of analogies
with other elastic and viscous phenomena. Thus, one
of the earliest, that of Hopkinson, adopted the relations
found in the elastic residual properties of ordinary
materials under mechanical distortion. Electric dis-
placement is assumed analogous to mechanical dis-
placement. But electric displacement in the funda-
mental theory is proportional to the electric intensity,
and not so in anomalous dielectrics, and so practically
all the theories in this class assume a more or less com-
plicated relation between the field E and the displace-
ment D, and of such a kind that D is determined not
alone by the instantaneous value of E, but also by the
foregoing condition of the dielectric. Such relations
exist between deformation and force in elastic media,
and between induction and field strength in magnetic
media.

Pellat considers the displacement as divided into
two parts. The first is that of the fundamental theory:

D' (t) = E (t) (19)

the second part D" (t) is assumed to obey the equation
d D" (t)

dt -a [ D" ( co ) - D" (t)

r K
= aLn 7 r E (t) D" (t)] (20)

that is that D" tends to a final value D (co), proportional
to E, and the rate of change of D" is always proportional
to its difference from the final value. Pellat calls
D1 the "fictitious" and D" the "true" polarization;
Schweidler, who has developed this theory further pre-
fers the terms "normal" and "viscous" displacement,

Thus for constant E0 and t >, 0 we have:
E 0

D" (t) - , (1 - e -at) (21)

d D" (t) K _at
= dt =an r E°e (22)

and the function showing the time variation of the
reversible anomalous current takes the simple negative
exponential form.

By integration of the above equation, we have for
any type of variation of the electric force E (t), re-
membering the principle of superposition

K
D" (t) =

o
f a

4
E (u) e-" . d u (23)

= '7 47 f E (t -w)e-aw.dw

and so:
K K t"

D (t) --4-TrE (t) + a'
4

f E (t - w) v" . d w (24)r
Thus, the variation of the displacement satisfies the
principle of superposition, and the theory of Pellat is
seen to be a special case of that of Hopkinson, in which
cp (w) is proportional to e-".

The simplicity of Pellat's assumption as to the varia-
tion of the displacement, and thp close approximation
to observations which results in the form of the anoma-
lous charging current, make a strong appeal, in spite
of the absence of all suggestion of underlying explana-
tion. In order to supply this deficiency, von Schweidler
has extended Pellat's proposal in considerable elabora-
tion, with the aim first to bring it more nearly into
accord with observation, and second to present a
picture of underlying mechanism.

As regards experimental confirmation Grover, with
a -c. studies of paper condensers, concluded that of
several theories examined, the Pellat theory as modified
by von Schweidler was the only one that could be made
to give quantitative results in agreement with the obser-



vations. The quantities studied were changes incapacity and phase difference, with frequency andtemperature. It is to be noted, however, that Groverdid not examine Maxwell's theory as extended by
Wagner, which appeared later, and which involves the
same type of variation of the anomalous charging cur-rent, and an entirely analogous method of assuming anumber of terms and of studying their grouping.
It appears certain that an equally good agreement would
have been obtained from Wagner's equations. Infact, it is safe to say the same of any theory providing
for the medium a sufficient number of terms, all obey-ing a continually decreasing function yo (t) of relatively
simple form, but with different values of the constant
terms. It appears not improbable that Wagner, not
caring for von Schweidler's idea of slow period molecular
oscillations, set out to picture a structure of an anoma-
lous dielectric which would involve only the funda-
mental properties of specific inductive capacity and
conductivity, thus adhering to Maxwell's ideas.
GROUP 3. THEORIES BASED ON THE STRUCTURE OF

THE ATOM
Decombe in seeking an explanation of the heating of

condensers, notes the remarkable and very general
fact, that most thermodynamic modifications are
inseparable from noticeable electric phenomena. Thus,
mechanical deformations are always accompanied by
both heat and electrification, (tribo-, and piezo-electric
effects); capillary deformations, shock, cleavage, etc.,
all result in both heat and electric manifestations.
Similar effects are noticeable in chemical relations, as
in the thermal variations of crystals, the thermo-elec-
tric cell, the Thomson and Peltier effects, etc. He,
thus, concludes that dielectric absorption and losses are
also to be explained in terms of motions or deformations
of electrons within the atom, and he bases an interesting
and extended development of this theory on the general
electron theory of Lorenz:

Separating the displacement of the ether from that
of the material, as in Maxwell's theory:

E
= 47r +P (25)

Q being the total charge, and P the "polarization."
P, he assumes to be due to electron displacement and
it therefore obeys -Lorenz's equation:

d2 dPE = a b P cdPt - - dt
E being the electric intensity and a, b, and c constants
of the reactionary forces of acceleration, elasticity, and
friction respectively. He assumes further that for
frequencies less than those of light the first term on the
right is negligible, and so

dPE=bP-Fc dt

(26)

(27)

' He shows that (27) obeys the principle of superposi-
tion, and also that it is satistiegl by a value of alternating
polarization computed from otwillogramm taken by
Hochstadter on high-tension cables. Ile shows further
that Maxwell's equations as extended by floss, when
applied to the alternating case reduce to the same form
as his own, and so by inverse reasoning, account is
made for residual charge. Moreover, he shows that
Pellat's arbitrary expression for the variation of the
displacement follows immediately from his own equa-
tions. He shows also that under alternating e. m. f.
the equations lead to a loss proportional to the square

of the polarization current
d P
dt )' and a loss per

period independent of the frequency, as shown experi-
mentally by Steinmetz, Hochstadter and others. The
general conclusion is that all residual effects are due to

dP
the term c

d t ,representing a frictional force (electric)

within the atom, i. e., to a viscous property of the atom.
The theory is very striking in its agreements with the

results of observation and in its simplicity.
GROUP 4. THEORIES BASED ON ANOMALOUS

CONDUCTIVITY
It has often been suggested that dielectric absorption

is in fact due to a varying conductivity giving rise to
the motion of 'movable charges of "ions" within the
dielectric. Experimental investigations of this idea
as applied to solids are very difficult, but the irreversible
anomalous current of a poorly conducting liquid offers
very much wider opportunity.

Efforts have been made also to extend the same ex-
planation (i. e., ionic conduction) to the anomalous
charge and discharge currents of solids, but with little
success. von Schweidler has maintained that in an
ionized medium the reversible anomalous current can
not arise. Also that the principle of superposition can-
not be explained in this way, and offers as proof the
absence of residual charge in liquid dielectrics. On
the other hand, Anderson and Keane have shown
that the drifting of free electrons to the positive elec-
trode will result in a space variation of charge sufficient
to account for residual charge in accordance with
Maxwell's theory, and have checked their conclusions
with observations on sulphur. The behavior of glass
is especially significant in this connection. The final
conductivity of glass has undoubtedly an electrolytic
character. Sodium is deposited out of glass on the
electrodes, with resulting decrease of conductivity,
and the latter may be maintained by providing an
anode of sodium amalgam. Lithium may also be used,
but apparently no other metals of the chemical group.
Moreover the electrolytic action is in accordance with
Faraday's laws. It must be remembered, however,
that glass is not a homogenous substance and in fact



June 1926 WHITEHEAD: DIELECTRIC ABSORPTION 521

is generally considered to be a solid solution, and so of
highly special character. On the other hand similar
behavior has been observed in quartz, certainly not a
solution, but in which small quantities of sodium and
lithium are usually present. Mercury, quartz, and
sodium form an electrolytic cell giving about .5 volts.
H. H. Poole has shown the relation x = e+b +X for the
conductivity of glass, a being the thickness and X the
field intensity; i. e., the conductivity increases with the
field strength. Gunther -Schulze sees in this an evi-

dence of ionic conductivity and ionization by collision
as in gases. Thus, while we may not be sure that glass
presents a behavior typical of all anomalous dielectrics,
it unquestionably is significant as showing the possi-
bility of ionic conductivity in solids.

The Influence of Moisture. Cable paper absorbs
up to 10 per cent, or even 20 per cent, by weight
of moisture, rapidly at first and then more slowly.
Under continuous voltage when comparatively dry
(2 per cent to 3 per cent moisture) it shows a
typical absorption curve in accordance with formula
(3) i,i (t) = a t -m. With increasing moisture the
ordinates increase, and the curve flattens out, be-
coming horizontal (except for a short initial descending
portion) at about 7 per cent moisture. Above this the
curve of charging current with time rises gradually
(Lubben). These increases are all of the nature of
conduction current, for the discharge current does not
take on corresponding increases, and follows equation
(3) in all cases. Thus, the difference between charge
and discharge currents, which usually measures the
insulation resistance, increases continually with time
after the application of voltage (Wagner). This
indicates that the continued application of voltage
causes a decrease in resistance. Moreover, the final
steady value of resistance is found to depend on the
voltage. So that we have the following approximate
relations for the resistance r, the conductance g, and
the conduction current i, in a fibrous dielectric contain-
ing moisture:

A
r = , g = go Ern; i = io tp (28)

E
E, being the voltage and A, go, m, io, p constants.

An ingenious explanation of many of the above rela-
tions has been offered by Evershed who supposes that
the water is in part contained in the capillary tubes of
the fibers of the material. The water is separated by
air bubbles, but the walls of the tube surrounding the
bubbles are wet with a thin film of water. These films
constitute the principle resistance of the complete water
path. Under the electric field, water is forced from the
drops in the films making their walls thicker and so
increasing their conductivity. In the thin state of the
films they are very sensitive to slight water addition,
but less so as the walls get thicker, corresponding to
the observations of experiment. Evershed constructed
a model containing a large number of glass capillary

tubes, and studied its behavior under the microscope.
He found that it gave the typical resistance, voltage,
time relations found for fibrous insulation, and that the
water films behaved as already stated.

D. DuBois has suggested a somewhat different
mechanism for the behavior of water in dielectrics.

J. Curie showed the important part water may play
in materials containing no fibers but which are porous.
By maintaining porcelain at different degrees of mois-
ture he reproduced different types of charging current
curve, among them typical absorption curves as ob-
served for dry substances. Moreover, this moist
porcelain polarized up to several hundred volts, gave
typical discharge curves and in fact obeyed the princi-
ple of superposition. Curie suggests in explanation the
linking up of a number of internal individual electrolytic
cells due to water and local conducting impurities.

V. DIELECTRIC BEHAVIOR UNDER ALTERNATING
ELECTRIC FORCE

The alternating losses in condensers were first noted
by Siemens (1864), and since then they have been
studied by many observers.

For a long time and even up to the present, many
have assumed that the cause of these losses is to be
found in some special and unknown property of dielec-
trics, usually called dielectric hysteresis and sup-
posedly arising in some undiscovered molecular phenom-
enon, similar to that in magnetic materials. It is
remarkable that this illusion should have maintained so
persistent a hold, for it is easy to see that the phenome-
non of absorption causes a lag of charge behind e. m. f.
and so is sufficient to account for the energy component
of current.

Theories Based on Absorption. Beaulard in 1894 and
Hess, in 1895, gave convincing arguments against the
idea of hysteresis, and Hopkinson, in 1897, made alter-
nating measurements, attempting to link up absorption
with the values of capacity and loss currents.

Rowland extended Maxwell's theory of absorption to
the case of a sinusoidal e. m. f. and derived expressions,
showing variations with the frequency, of both the
capacity and the phase difference. He developed a
sensitive electrodynamometer, many special types of
bridge connection, and with his coworkers made numer-
ous studies of dielectric loss, failing, however, to find
close agreement with the Maxwell theory. The
measurements of Curtis, in 1910, also failed to agree with
this theory.

von Schweidler. Grover, in 1911, made a similar
effort not only with the Maxwell -Rowland expressions,
but also by extending the theories of Houllevigue,
Pellat, von Schweidler, and Hopkinson, to the alter-
nating case, and checking them with measurements
on a number of condensers for frequencies up to 1000
cycles, and temperatures between 10 deg. and 35 deg.
He found that von Schweidler's extension of Pellat's
theory was the only one which could be made to give
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quantitative results in agreement with the observations.
Wagner. Wagner has also extended his picture of the

Maxwell dielectric to the alternating case in a series of
papers dating from 1913. He assumes the simplestpossi-ble case of a two -layer Maxwell dielectric, and furtherthat the conduction and displacement currents flow
simultaneously, that the total currents are equal in each
dielectric, and that the alternating electromotive force
on the condenser is the vector sum of the e. m. f's. onthe two layers. This leads at once to a complex expres-
sion for the impedance of the condenser, from which the
following values of the variable dielectric constant (and
so the capacity) and the variable angle of phase differ-
ence at once appear:

Kw = K[1 ± k

1 + LI.)2 T2

w T

(30)

tans = k (31)1 K w2 T2

in which K is the specific inductive capacity correspond-
ing to the geometric capacity, T the time constant in the
exponential expression of the anomalous charging
current, k a simple function of the electric constants of
the two materials, and w = 2 7r f.

These two equations are in some degree in qualitative
accord with the results of experiment. The former
(30) indicates a capacity starting at a finite value and
decreasing with the frequency to the geometric value
at infinite frequency. This behavior is universally
found in experiment. The latter equation (31) indi-
cates a phase difference starting at zero, at 0 frequency,
and with increasing frequency passing through a maxi-
mum and then steadily decreasing toward zero at infinite
frequency. This general behavior has also been
frequently observed. At times the maximum value of
tan 5 may not appear, the frequency at which it occurs
being determined by the constant k, and often lying
outside the available range. On the other hand many
other observations do not follow the comparatively
simple relations indicated by (30) and (31).

Decombe has extended his electron theory of the
anomalous behavior of dielectrics, already described
in connection with absorption, to the explanation of
alternating losses.

F. Tank has studied the Pellat-Schweidler theory
for the alternating case, computing the loss as due to
absorption, measuring the latter and also measuring the
loss, and comparing with the computed value. The
method used for computation is typical in the main
of the methods used by several others (Wagner, La-
housse) and is briefly as follows: The alternating
current due to an e. m. f. E = Eosin w t, flowing in a
condenser circuit may be expressed

i = (t) = a sin w t b cos w t; (33)
further by the principle of superposition, see formula
(10), the anomalous charging current is:

i(t) d E (u)
\ d u (t - u) d u (34)-03

I being the instant at which the current is considered,
and u the elapsed time since the application of E.
Equating the two values of i (t), the coefficients a and
b may be obtained thus showing the influence of absorp-
tion on both the capacity and the apparent conductance
of the condenser.

Tank found a remarkable agreement between the
measured and computed losses and currents, the per
cent differences for the former in the six cases being
3.8, 4.1, - 0.4, 1.6, 13.8 and 23 per cent. He concludes
from his work that the alternating losses in solid
dielectrics are almost entirely accounted for by absorp-
tion, resistance loss being less than 1 per cent of the
total, and no evidence of other losses.

Lahousse adopts a slightly different method of ap-
proach for computing the loss from the absorption.
If E is the electric intensity, I the polarization, and k
the dielectric susceptibility (K = 1 + 4 7r k),

I = k E (t) k (-du E (u)) cp (t - u) d u (35)-0.

For a closed cycle, the loss per cycle, w, is:
= fEdI=- fIdE (36)

Substituting E = Eo sin w t, and introducing two new
constants a and whose values are determined by the
integral in (35);

I = KE0[ sin w t ± a sin (w t - 13) I (37)
This is the equation of an ellipse between I and E0, a
result independent of the form. of cp (t). Such ellipses
have been shown experimentally by Granier. (See
below).

Further, from (36) and (37)
w = 7rkaEo2 sin (38)

or the loss is proportional to the square of the applied
e. m. f. as often observed. Both the foregoing rela-
tions are independent of the form of yo (t), which is
contained in 3. If go (t) = m e' (Maxwell, C.urie, et
al), and if n is small as usually observed, the loss per
cycle becomes

W - co2 + n2
2k co mE02

and the total loss

2 k m E02
(39)

k m E o2
W = (40)

7r

that is the loss per cycle is inversely proportional to the
frequency, and the total loss independent of the fre-
quency. As indicated below, these relations have some
apparent support, but the weight of the evidence of
experiment shows a loss increasing with the frequency.

J. Granier has investigated in very elegant manner
the losses due to absorption alone for alternating fre-
quencies between 0.3 and 150 cycles. He interrupts
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the steady alternating excitation at different points
on the cycle, and by a careful zero method obtains the
total residual charge. This permits the plotting of the
absorption -voltage relation for a complete cycle at
each frequency. Plotted in rectangular coordinates the
curves are found to be almost perfect ellipses, as called
for by theoretical analysis (c. f. Lahousse above).
The areas of the ellipses, representing the loss per cycle,
continually decrease with increasing frequency, also in
general accord with theory. The ellipses become quite
flat within the range mentioned, and the study of the
influence of frequency is continued up to 1500 cycles,
using bridge methods. Within the entire range the
total loss increases, but less than in proportion to the
frequency.

VI. COMPARISON OF ALTERNATING THEORY AND
EXPERIMENT

Loss -Voltage. There is almost universal theoretical
agreement that the rate of loss varies as the square of
the electric intensity. Many observers have studied
this relation (see bibliography), and the extreme range
of the exponent of the electric force appears to be from
1.3 to 2.7. However, the great mass of the evidence
centers about the value 2. It is difficult to account
for the values lying below 2, but those lying above
permit of quite probable explanation.

Loss -Frequency. In the matter of frequency the
several theoretical developments are not in entire accord.
Wagner shows the loss proportional to both frequency
and phase difference and as the latter first increases and
then decreases with the frequency, a uniform variation
in the loss is not always to be expected. Lahousse
deduces a loss per cycle inversely proportional to the
frequency and thus a loss per second independent of the
frequency, for all but very low values. The experi-
ments of Granier show a loss per cycle decreasing with
the frequency up to 150 cycles, and a loss per second
increasing only as the 0.5th and 0.6th power of the
frequency, thus seeming to lend some force to Lahousse's
conclusion. M. A. Frigon reports the losses in im-
pregnated paper increasing nearly in proportion to the
frequency between 20 and 60 cycles. H. J. MacLeod
working on such good insulators as glass, pyrex, par-
affin, cresin, mica, and with unusually careful conditions
finds the losses varying as the 0.85th to 0.9th power of
the frequency. Many other observers have reported
losses increasing with the frequency but usually in less
than direct proportion.

On the other hand, Wagner has examined the varia-
tion of the power factor with frequency over a wide
range, and finds that the maximum value of the phase
difference may occur for different substances in the
range of 4 to 1000 cycles per second, and higher. This
means that within the commercial range and far be-
yond, the phase difference may either increase or
decrease with the frequency. This is probably the
chief cause of the general confusion to he found in
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attempting to coordinate the results of different
observers, and the reason why no simple empirical law
has appeared expressing the influence of frequency on
dielectric loss.

Loss -Temperature. The influence of temperature on
dielectric loss is very great, the loss rapidly increasing
with the temperature. But here too, it does not appear
possible to expect a definite law owing to the indirect
influence of temperature on other properties.

The only considerable attempt to account for the
influence of temperature from a theoretical stand-
point is that of Wagner. He carries it back to its effect
on the time constant of the material, i. e., the factor
multiplying t, the time, in the exponential variation of
the anomalous charging current. This enables him
to bring it through into the alternating case, in its effect
on phase difference, and so on the loss. He reports
some remarkable general agreements with the results
of observation, and his work stands out as a striking
support, in the matter of temperature, of Maxwell's
theory.

VII. SUMMARY AND CONCLUSIONS

1. Dielectric absorption is a conspicuous but obscure
and little understood phenomenon. Its general charac-
ter is well known as shown by the decay, with time, of
the charging current, residual charge, etc. However,
exact and definite forms of even the empirical laws are
still lacking.

2. Only solids show the complete absorption phe-
nomena of charge and discharge. Liquids often show
an apparent absorption in charging but no residual
phenomena. Nearly all solid dielectrics show some
absorption. In some substances in a very pure state,
e. g., sulphur, quartz, paraffin, it is very small, if not
negligible, in amount.

3. Large changes in the absorption in solids may be
caused by extremely small changes in composition.
Impurities and moisture in very small amounts may
cause large changes in absorption.

4. The charging absorption current merges into a
final steady conduction current. Both are strongly
increased by increase in temperature; the absorption
finally disappearing or changing into conduction.

5. The alternating losses in solid dielectrics are due
almost entirely to absorption. This is shown by
theoretical analysis, and confirmed by experiment.
The losses due to conductivity are usually very small
compared with those due to absorption, and there is
no evidence of losses of other types. There is nothing
to indicate a hysteresis loss of the character pertaining
to magnetic materials.

6. Theories of the ultimate nature of the phenom-
enon of absorption are: (a) That ii arises in the mix-
ture of two or more dielectrics, and depends only on the
known quantities, conductivity and specific inductive
capacity. This is the theory of Maxwell. (b) That
it is clue to anomalous relation between electric dis-
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placement and electric force, the seat of which is withinthe molecule or atom. Pellat, (c) That it may be
explained by Lorenz's theory of electron motion with-in the structure of the atom. Decombe. (d) Thatit is due to water in capillaries or interstices in the bodyof the dielectric.

7. The most satisfactory theory is that of Maxwell
though it is far from firmly established. The evidence
is mostly indirect and it still needs quantitative proof.
Probably its firmest support is found in the extensionto the alternating case in which it explains a number of
experimental observations. However, the theories of
class (b) are susceptible to much the same extension.

8. From the standpoints of both theory and practise
there is great need and fine opportunity for further study

of the phenomenon of absorption. Thoroughgoing and
careful efforts to test Maxwell's theory have been re-
markably few in number. It should not be difficult to
plan a comprehensive series of experiments for that
purpose. Much the same may be said as to the question
of the presence of electrolytic conduction in dielectrics,
and its importance as a factor in explaining absorption.
Moisture is difficult to eliminate completely from many
dielectrics. It influences profoundly the permanent
conductivity, and probably the absorption. Whether
or not it is a definite factor in all absorption is a question
needing, and apparently susceptible of experimental
solution.

The complete paper includes an extensive biblio-
graphy on the subject of Dielectric Absorption.

Compensation for Errors of the Quadrant
Electrometer in the Measurement of Power Factor

BY D. M. SIMONS' and
Associate, A, I. E, E.

Synopsis;-In a previous paper, the writers developed the equa-
tions for the main errors in the quadrant electrometer for the measure-
ment of power factor, and checked their equations experimentally,
the main sources of error being the unavoidable shunting capacity
to ground of the test specimens and the charging current from the
electrometer needle to the quadrants. In the present paper methods
of experimental compensations and elimination of these sources of

WM. S. BROWN'
Associate, A. I, E. E.

error are described. Methods of compensation for capacity to
ground have been presented before, and in this paper merely some
additional refinements are given. The method of compensation for
errors due to the charging current in the needle circuit is believed to
be new; the method is described herein, the equation is derived in full,
and an experimental check is given of the accuracy of the equation.

* * * * *

I. INTRODUCTION

IN a previous paper2, the general equations of the
electrometer have been given, both for the ordinary
deflection method and for a new null method where

the deflection is brought back to zero by inserting
resistance in series with the electrometer needle. In
order to save space, the previous work will not be
described here, but the 'compensation for errors will
be covered, practically as a continuation of the previous
article. The following symbols will be used.
E = Voltage on the load taken as numerically

equal to the transformer voltage
I = Load current or charging current of the

specimen
I h = Charging current flowing from the needle to

the high quadrant
Ii . = Charging current flowing from the needle to

the low quadrant .

Ti =, Resistance across the electrometer quadrants
1. Both of the Standard Underground Cable Co., Pitts-

burgh, Pa.
2. The Quadrant Electrometer for the Measurement of

Dielectric Loss, D. M. Simons and W. S. Brown, TRANS.
A. I. E. E., 1924, p. 311.

Presented at the Regional Meeting of District No. 1 of the
A. I. E. E., Niagara Falls, N. Y., May 26-28, 1926.

r2 = Resistance inserted in the needle circuit in the
zero method, i. e., the potential resistance

C, = Total capacity to ground of the high quadrant
and all connected parts

C2 = Capacity in the needle circuit
cos .4) = Power factor of the load
cos = Power factor of the circuit in which Ih flows
n = Ratio of the transformer voltage to the needle

voltage
f = Frequency
CO = 2 r f

In the former paper it was shown that the main source
of error was due to the capacity to ground of the "high
quadrant" and all connected parts, including the capac-
ity to ground of the high quadrant itself, all connected
leads, the distributed capacity of the quadrant resist-
ance, and the capacity to ground of the low -voltage
electrode of the test specimen, the last usually being a
large percentage of the total. Stated differently, a
large part of the reading, either by the deflection or
null method, is due to the capacity to ground. It was
further shown that errors would be introduced by the
charging current from the needle to the high quadrant,
if the load current is so small that the needle current is
no longer comparatively negligible.

In the previous paper, equations were given to include
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the effect of these two sources of error as well as others.
In the present paper it is proposed to give methods of
experimentally compensating for these two errors, so
that these terms will disappear from the general equa-
tion, -and so that the final reading may be taken as if
these errors did not exist. This also means a great
increase in accuracy, since in general the power factor
of the unknown will constitute a large part of the read-
ing, if compensation is made. Without compensation,
the power factor of the unknown load may be a very
small part of the total reading, and therefore any errors
may have a disproportionately great effect upon the
accuracy of the power factor measured.

II. NEUTRALIZATION OF CAPACITY TO GROUND, C1

Considerable errors may develop in the measurement
of power factor if a large part of the reading is due to
capacity to ground, C1. For that reason, there is
often a real necessity for compensating for the greater
portion, if not all, of the capacity to ground. This can
be done in large part by raising the potential of the
shield surrounding the low -voltage electrode of the test
specimen to the same potential as that of the electrode
itself. For example, in the measurement of small
specimens of cable, the sheath must be surrounded by a
grounded shield in order to avoid stray currents. If
this shield is insulated and raised to the potential of the
sheath, the capacity to ground of the sheath will be
ineffective.

If desired, compensation may be even more perfect
than that. If the quadrants consist of tinfoil pasted on
glass, other sheets of tinfoil of the same size could be
pasted on the other side of each piece of glass opposite
the high quadrants and insulated from the instrument.
All leads to the high quadrant are normally surrounded
by grounded guards, which for this purpose should be
insulated. The guards of the quadrants and of the
leads may now be connected to the shield surrounding
the low -voltage electrode of the test specimen, and all
raised to the potential of this electrode. This will
compensate for all capacity to ground except the dis-
tributed capacity to ground of the quadrant resistance
which is normally very small. When n equals 2, under
these conditions practically all of the reading will be
due to the power factor of the load.

Some .experiments in compensation were performed
where the load used was a short piece of cable. Fig. 1
gives the diagram of connections. The conductor
of a similar piece of cable was connected to the high
voltage and its sheath grounded through a resistance
whose value was such that the potential drop across
it was the same as that across the quadrant resistance.
The sheaths of both specimens were therefore at the
same potential. Compensation was then accomplished
by connecting the sheath of the auxiliary specimen to
the guard surrounding the load specimen.

The accuracy of compensation can be checked by a
method suggested by R. W. Atkinson. A key and

condenser in series are inserted between the sheath
of the auxiliary specimen and the guard surrounding the
load specimen. A rough adjustment of the resistance
in series with the auxiliary specimen is then made and a
balance or deflection taken. If compensation is cor-
rect, no change in the balance or deflection will result
on closing the key. If any change does occur, the
resistance in series with the auxiliary specimen can be
adjusted until the reading is independent of the position
of the key. If a key were used without the series con-
denser, the balance would probably be too sensitive, due
to possible differences in power factor of the load and
auxiliary specimen.

Compensation for capacity to ground may be very
advantageously applied to the method outlined in
Section 5 of the former paper, where two balances are
required, one on a zero -loss standard S and one on the
unknown X, the total capacity to ground being kept
constant. This can be accomplished in the following

Auxiliary
Specimen

Ground
Auxiliary

Resistance

FIG. 1-DIAGRAM OF CONNECTIONS FOR COMPENSATION FOR
CAPACITY TO GROUND IN QUADRANT ELECTROMETER

way. Insulate the guards of both S and X and connect
them to the low -voltage electrode of the auxiliary
specimen. Connect S to the high voltage, and the high -
voltage lead of X to the low -voltage electrode of the
auxiliary specimen. Balance on S, compensation being
made by means of the auxiliary resistance, series con-
denser and key. Then connect X to high voltage,
connecting the high -voltage electrode of S to the low -
voltage electrode of the auxiliary specimen. Balance
on X, compensating again. A different value of
auxiliary resistance, of course, will be required if the
charging currents of X and S are not the same. The
difference between the two r2 C2 w's will give the power
factor of X. The great advantage of this method lies
in the fact that the capacity to ground of the instrument
and leads does not have to be compensated for, and the
difficulty of the shunting capacities, C. and Cb is
entirely eliminated.

III. NEUTRALIZATION OF THE NEEDLE CHARGING
CURRENT, 11,

The method used to neutralize the effect of I,, is
shown in the diagram of connections, Fig. 2. The
essential difference between this and the ordinary con-
nection is that a graduated variable condenser C3 and a
variable resistance r3, are inserted in parallel between



526 SIMONS AND BROWN: ERRORS OF THE QUADRANT ELE("TROM ETE It Journal A. I. E. K
the low quadrant and ground. The procedure follows:1. Connect the low -voltage electrode of the testspecimen to the high quadrant, leaving the high-voltageelectrode floating, a convenient quadrant resistance r1being inserted as usual. An equal resistance, r3 is theninserted between the low quadrant and ground andsufficient capacity Ca is cut in until the instrument readszero.

2. Apply high voltage to the specimen. Inasmuchas during the previous balance the total capacity toground of the high quadrant was higher by Cab (seeSection 6 of first paper), this amount of capacity mustbe deducted from C3. The deflection is now broughtback to zero by the potential resistance r2 as usual (ora deflection taken), and the power factor may be ob-tained by the following formula:
n- 2 / ricos cf. ± riCi -

2 E

Ih r,

r1 Cq w

= r2 C2 w

Load

(1)

Ground C1

FIG. 2-DIAGRAM OF CONNECTIONS FOR NEUTRALIZATION OF Ih

in which Cg is the capacity between the high and low
quadrants themselves, and C1 is as usual the capacity to
ground of the high quadrant and all connected parts,
when the low quadrant is grounded. C1, therefore,
includes Cq. Cq is in most cases absolutely negligible,
especially if the quadrants are made of tinfoil on glass,
and the last term on the left is usually negligible. It
will therefore be seen that equation (1) is practically
identical with equation (6) of Part II of the previous
paper, and that all effects of the charging current Ih
have been neutralized. Furthermore, the equation is
entirely independent of the load current if n equals 2,
and therefore, if the compensation is made, the method
of balancing first on a standard condenser and then on
an unknown condenser could be made regardless of the
relative sizes of the two condensers, except as influenced
by the changes in capacity to ground as explained in the
previous paper.

Another obvious method of avoiding the effects of Ih
might be briefly mentioned. If the charging current
to the high quadrant is approximately equal to that of
the low quadrant, and the losses are the same on both
sides; all effects due to them should be removed if the
ground were placed at the midpoint of the quadrant

resistance, instead of grounding one set of quadrants.
We believe that there is one great difficulty with this
method. The low -voltage terminal of the test trans-
former would, of course, have to be insulated. All
stray currents therefore from the high -voltage end of
the transformer to ground would return to the low -
voltage terminal of the transformer through the ground
connection and therefore through the lower half of the
quadrant resistance, thereby introducing an indeter-
minate and, possibly, large correction.
IV. DERIVATION OF EQUATION FOR NEUTRALIZATION

OF Ih
In the previous paper, an analytic method using the

symbolic notation has been used. As stated in each
case, the equations have also been derived geometrically
from the vector diagrams with a perfect check. It
appears that the present derivation is considerably
simpler by the geometric method. At first thought,
some of the geometry may appear too free, but it is
believed to be justified because the actual vector dia-
gram, if drawn to scale for a high -voltage measurement,
especially with n equal to 1 or 2, would be so elongated
that, for instance, all the vectors from the needle
potential points, R, T, etc., to either quadrant are
practically identical in absolute value. It is believed
that practically all the substitutions about to be made
are equivalent to the assumption that the angles areall so large or small that their sines or cosines, as the
case may be, are equal to unity. An additional reasonfor confidence is that practically this same process
and same assumptions completely checked the other
equations derived analytically after the assumption
that certain sines and cosines were equal to unity.

The vector diagram is shown in Fig. 3. A B is the
transformer voltage. A N is the load voltage, the load
current being the vector of reference. Angle X A N =
angle A N M = cos 0, the load power factor. B is the
grounded point. The potential resistance, r2 in Figs.
1 and 2 is connected to the transformer at any point, T.

In these first two figures r1 and CI are as usual the
quadrant resistance and the unavoidable shunting
capacity and r2 and C2 are as usual in the potentialcircuit. It will be assumed that a resistance r3, shunted
by a capacity C3, has been inserted between the "low
quadrant" (the one usually grounded) and ground, no
assumptions being made as to their present values.
Let Ih and .11 be the charging currents from the needle
to both the high and low quadrant respectively, and
let cos 1,P and cos be the power factors of these two
currents respectively, as referred to the voltage between
needle and quadrant.

Returning to Fig. 3, N J' is the resultant voltage
across the quadrants to be mentioned later. 0 is the
midpoint of the transformer high -voltage winding,
and T is the point at E /n to which r2 is connected.
T R is the voltage drop across r2, and R D, perpendicu-
lar to it is the effective needle voltage-assuming that
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C2 is the capacity of the instrument itself, though
actually an auxiliary potential condenser is used as
explained in Section 3 of the earlier paper.

If there were no capacity to ground from the high
quadrant and connected parts (C1 = 0) the drop
across the quadrant resistance r1 due to the load current
I would be in the direction N I, parallel to A X. Due
to the capacity C1, the drop lags by an angle a and may
be represented by N J. R N is the voltage between
the needle and the high quadrant, angle ik being angle
R N H. -The direction of Ih is therefore N L, H N L
being a straight line. The drop across the quadrants
due to Ih lags behind this by the same angle a, and
therefore the drop due to this current is N E. Sup -

A

FIG. 3-VECTOR DIAGRAM FOR THE NEUTRALIZATION OF

posing r3 and C3 to still be zero, the drop across the
quadrants is N B, the vector sum of N J and N E.
If resistance and capacity are now added between the
low quadrant and ground, namely r3 and C3, the dia-
gram changes. R J' is the voltage between the needle
and low quadrant, angle R J' H' is angle IV, and J' G
is the direction of // the charging current to the low
quadrant. The drop across the resistance r3 due to
// lags behind this by an angle a" (not equal to a,
unless r1 = r3, and C1 = C3). The total quadrant
voltage due to I and Ili in r1, and II in r3 is the resultant
of N B and B J', or is equal to N J' as stated above,
making the angle a' with N J.

The condition of zero deflection of the instrument is
that the voltage across the quadrants shall be perpendic-
ular to the voltage from the needle to the midpoint
of the quadrants, i. e., R D is the perpendicular bi-
sector of N J', and the proof centers about the triangle
0' D R, including the condition mentioned above and
the fact that 0' R is perpendicular to R D.

Take S as the midpoint of N B, and draw D S, which

will equal one-half of J' B. Draw 0 S, cutting T R
produced in T'. Draw D 0' parallel to 0 S.

0 B = E/2
T B = E/n

Therefore,
-

OT = OB- TB - n2 n2

Therefore,
OT n- 2
0 B

Now,

T' T
- S B

SB =NB12- (I + r1
(if

2

B N C are taken as unity)
Therefore,

cos B J C and cos

n - 2 (I + Ih) r1
T' T = (2)

n 2

Now,
T R = r2 times current in potential circuit

E r2 C2 CO

n
(3)

(Since the potential voltage T to D may be confused
with T B or E/n in scalar value)
Now,

It r3
0' T' = D S = J' B12 = (4)

(0' D and 0 S are parallel by construction, and in the
actual diagram D S and 0' T' are practically parallel)

Angle 0' D R = 90 deg. - + a + a' (5)
(This may be seen by drawing a line D Z from D

perpendicular to N I. 0 S is parallel to A N because
0 and S are the midpoints of A B and N B by con-
struction, and D 0', drawn parallel to 0 S, is also
parallel to A N. Angle 0' D Z, therefore, = 90 deg.
- 4). D R is perpendicular to N J', and D Z to N I
by construction. Therefore, angle Z D R = a + a').

Sin 0' D R =
0' R 0' T' T' T T R

(6)0'D E/n
Substituting, (2), (3), (4), and (5) in (6), we obtain
sin (90 - + a + a') = cos 4) -I- sin a + sin a'

n/1 n- 2 (/ /h)
r2 C2 0) (7)- 2 E 2 E

sin a = r1 C1 w, and therefore only sin a' remains to
be determined.

An auxiliary angle 7 will be introduced. -y = angle
R N J' = angle N R.

CC' C B B C'
sin a' - N B (N B = N C' if cosN C'
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B N C' is unity and C' B C is practically a straight line)

J B sin C J B J' B sin C' J' B
NB

But N B = (I + Ih)r1, JB = Ih rb and J' B = II r3
Angle C J B =angle C N E =180 deg.- 4.- 7 -I- a+ a'
Angle C' J' B = angle R J' C' - angle R J' B =
(180 - + a") = - y - a.H
Therefore,
sin a' =
Ih r1sin(180- y+a+a')+//r3sin(IV- 7- a")

(./ /h) r (8)

Simplifying, dropping the sines of large angles and
cosines of small ones, and rearranging terms, we obtain:

Ih Ihrl+Izr3sin a' = - COs , COS/ ri

Ih I, r3 // r3+ sin a -
ri cos - risins a" (9)

Since lk and O' are circuit constants, and sin a
= ri Ci w, and sin a" = r3 C3 co, the only unknown is
the auxiliary angle y, which must be evaluated.

From the figure,

N D (I ri Ihri - // r3)/2cos 7 = R N = E In

Substituting (10) in (9), and (9) in (7) and alge-
braically simplifying:

cos (1) + ( 1 +
Ih

W ±
/
I), cos 2,1/

n - 2 (I + I h)ri II r3
- r2 C2 CO + , ri cos 1,t'

(10)

r3 n (I Ihr12 Ih2 T12 112 r32)
y r3 C3 CO - (11)ri 2 E I ri

This is the general equation for cos 4) in terms of the
circuit constants including a resistance and capacity
between the low quadrant and ground, no assumptions
having been made as to their relative values.

In the actual process of neutralizing the charging
current Ih as described in Section 3 of this paper, the
first step was to insert r3 between low quadrant and
ground, making r3 = r1. Thus r3 is then shunted by
C3 until the electrometer reads zero, the high -voltage
electrode of the load not being connected. This
means that the electrometer is measuring two equal
loads, one through each set of quadrants at full voltage
E /n on the needle. The losses measured on each side
must, therefore, be equal. Therefore, from equation
(3) of the previous article:

I h2
r1IhCOS 11/ + IhriCi w 2

E
I, cos 1,G' +

Dividing by E I /n:
Ih

cos >G + I C1 CO

n // ri C3 0.) +
I 122ri

(12)

I I I n(I 12-Ih2)rI- cos IP ± 7., C3 CO +
2 E I

(13)
And, since r3 = ri, (11) reduces to:

Icos 4+ r1 Cl Ih-Icos I± r "C

n - 2 (/ + /h) 7.1 //- 2E - r2 C2 CO + cos 11,'

r C3 CO - nri(I Ih-F1h2- I12)
I 2 E I (14)

If (13) be subtracted from (14), the equation reduces
to equation (6) of the other article, except for a practi-
cally negligible term Ih rilE.

If this were so, our object would be accomplished,
inasmuch as all terms containing the charging currents
from the needle and the power factor of these currents
would be removed. It was tried out experimentally
on a known load and did not check. Finally, the error
in reasoning was discovered. It has been assumed that
C1 and C3 are the same in equations (13) and (14)
respectively and also that C1 is as usual the total
capacity to ground of the needle and all connected
parts. This is true if the capacity between the quadrants
themselves is negligible, and only in that case. If this
capacity, which is an essential part of the total capacity
to ground, in the usual connection, is not negligible,
then raising the potential of the low quadrant will
diminish the capacity to ground of the high quadrant
by a certain fraction of the capacity between quadrants,
which will be called C. The fraction of Cq which will
be taken away is inversely proportional to the poten-
tial of the quadrants, or since equal resistances r1 and
r2 are used, inversely proportional to the currents
flowing in these resistances.

We will, therefore, define C1 as the total capacity
between high quadrant and ground, when the low
quadrant is grounded, and C3 as the total capacity
between low quadrant and ground, when the high
quadrant is grounded. C1 will therefore be the same
as in all our other equations. The values of C1 and C3
given in the equations of this appendix are, therefore,
different from this definition as explained above, inas-
much as they are capacities when equilibrium is reached.

Equations (13) and (14), as shown below, must,
therefore, be rewritten and obtain equations in which
these capacities agree with their definition in the
beginning of this paragraph.
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(13) becomes

Ih
cos 1G+

Ir

= I

Ih
/ 7.1 ( C1

Ircos/+ r (C3-

(14) becomes

IA
cos 4) +

It
Cq)

Ih'- r1

/h 2

Ih n (112 1.142)

Il Cq (.4+ 2E I

1k
cos k1-1-

(15)

ri (C1- / IhC
)(.0

n - 2 (I + Ih)rt I,
2 E - r2 C. co +-/ cos 4/

(,, I + I n ri (I Ih + I h2 - I12)
r1 Ca- (fq)CO-

I 2E I
(16)

If (15) be subtracted from (16) the following is obtained

n - 2 I r1 Ih rl
cos 4+r1 CI co- E2 +riCq w+-E r2 C2 CI)

(17)

This is the same as equation (6) of the former paper with
the exception of the fourth and fifth terms, which in
most instruments would be negligible, and therefore the
effect of Ih has been practically neutralized by our
method.

V. EXPERIMENTAL PROOF OF NEUTRALIZATION OF Ih

As mentioned in Section 4, it was thought at first that
the method of neutralizing the effect of /h outlined in
Section 3 was practically perfect. It was tried out
experimentally, a balance first being obtained on air
condenser No. 1 in the usual manner, and then a
balance was obtained after the procedure given in
Section 3 was performed. It was expected that the
balance after Ih had been neutralized would be smaller
than before, primarily due to the elimination of the

Ih
term - r1 C1 w. Instead of that, however, the

potential resistance required after the neutralization
process had been performed was larger, which was
puzzling. The effect of the capacity between the
quadrants themselves, namely Cq was then realized,
and the derivation was changed as in Section 4. Finally
equation (1) was obtained, including the effect of the
capacity between quadrants. In our instrument, the
quadrants instead of being tinfoil on glass, as is often
the case, were cast aluminum plates, about in.
thick, with a beading along both the outside and inside
and a rib at one point, which altogether made a by no
means negligible area between adjacent quadrants,
the separation between quadrants being about 3 in.
Cq was calculated on the basis of 3i in. separation
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and the effective area between quadrants, and was also
calculated from the balance described by means of
equation (1), all other quantities being known. These
two values of Cq checked to within about 10 per cent,
which seems quite satisfactory, inasmuch as the actual
capacity between quadrants could not be calculated
accurately.

It was not convenient to measure this actual capacity
and the easiest method of checking equation (1) was
actually to shunt a known condenser between quadrants
and measure its capacity by a series of readings, in-
cluding our procedure for neutralizing 1h.

The four following readings were taken, at 14,000
volts with half voltage on the needle, 100,000 -ohms
quadrant resistance, r1 and at 60 cycles.

1. Air condenser No. 2 alone with no compensation.
2. Air condenser No. 2 alone with Ih neutralized.
3. Air condenser No. 2 with an additional condenser

of capacity CA shunted across the quadrants, no
compensation.

4. Air condenser No. 2 with the additional condenser
CA across the quadrants, Ih neutralized.

By "with Ih neutralized" in the readings 2 and 4
above, is meant that the process outlined in Section
3 was performed, namely that the low -voltage electrode
of the load was connected to the high quadrant with
the high -voltage electrode point floating. A resistance
of 100,000 ohms was then inserted between the low
quadrant and ground, and shunting this a variable
capacity was connected, which was so adjusted that
the reading of the electrometer was equal to zero.
This variable condenser which was graduated and cali-
brated, was reduced in capacity by an amount equal
to the Cab capacity of the load, and the high voltage was
then connected to the load, and a balance performed by
means of the potential resistance as usual.

Following are the values of potential resistance used,
and also r2 C2 CO

Reading r2 r2 C2 CO

1 18,570 ohms 0.02950
2 19,600 " 0.03113
3 25,100 " 0.03988
4 31,600 " 0.05020

Remembering that the power factor of air condenser
No. 2 is zero, the two following equations, according to
equation (8) of the other and equation (1) of this
paper, are obtained from the readings 1 and 2
respectively.

/h0+ cos ( 1
Ih

ri CI w

Ih
Ih ri

( 1 + / E = 0.02950 (18)
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0 + co ±riCq co +
Ih r,

= 0.03113 (19)

Remembering that during readings 3 and 4 the total
capacity to ground, as defined is equal to C1 + CA,
and that the total capacity between quadrants is
Co + CA, the two following equations are derived from
both the equations (8) and (1) and the readings 3
and 4.

0+ Ih I
cos ( 1 +

,
) rl (C1 + CA) w

+ (1 +
1h

) E - 0.03988 (20)/

0 1-ri(C1-1-CA) w+ri(CQ±CA) + IE'=0.05020 (21)

Subtracting equation (19) from equation (18):
1h

I cos 4, + ri CI CO ±

= - 0.000163
Subtracting (21) from (20)

Ih Ih
cos,,

- rl Ca

(22)

ri (CI + CA) - (C.2 + CA) co

/
IhrEi

- 0.01032 (23)

Taking equation (23) from equation (22),

Ih
ri CA W(1 - I- = 0.00969 (24)

Knowing that r1 equals 100,000, /h equals 30 micro-
amperes, and I equals 0.568 milliamperes, and solving
for CA, the following is obtained.

CA = 2.71 x 10-" farads
It will be noted that CA may also be obtained by

subtracting equation (18) from equation (20), this
being the ordinary method of measuring capacity as
described in Section B of the previous paper. Making
this subtraction

(1+
Ih

ri CA CO = 0.01038 (25)

From equation (25) we may calculate that CA = 2.61
X 10-" farads.

In order to check further their accuracy the authors
sent the condenser CA to an outside electrical laboratory
whose measurements of the capacity were 2.53 X 10-"
farads. This check is not perfect, but it is believed to
be quite satisfactory, especially in view of the difficulty
with which the preliminary balance of the neutral-
ization process with no voltage on the load was
made, due to the lack of sensitivity of this
instrument.

A NEW TYPE PORCELAIN PROTECTION
TUBE

The choice of a proper protection tube for a thermo-
couple is nearly as important as the selection of the
material for the couple. One of the most important
properties of such a tube is low porosity to gases, since
furnace gases usually attack the couple.' There are
three general methods of attaining this low porosity:
(a) By burning a refractory tube to a very high tem-
perature (3000 deg. fahr.); (b) by adding a flux (such
as feldspar) to a refractory body causing it to vitrify
at a considerably lower temperature (2550 deg. to
2700 deg. fahr.); and (c) by coating a refractory body,
which is not burned at a temperature sufficiently high to
vitrify it, with an impervious glaze.

The first method is expensive and not generally
practicable, and the second results in tubes which are
apt to deform at operating temperatures. The third
method produces tubes of satisfactory quality, is com-
paratively convenient, and has been adapted by this
bureau to the production (by the "one-fire" method)
of tubes for use in the ceramic laboratory. However,
the "freezing" of the glaze to the wall of the furnace, or
the ware with which it comes in contact, is a constant
source of annoyance and loss of tubes by breakage.
This is particularly true of laboratory work, the nature
of which does not permit usually ofpermanent installa-
tions of tubes.

The Bureau of Standards has overcome this difficulty
by the production of a "double tube" which is highly
refractory, satisfactorily rigid at operating tempera-
tures, and which is rendered impervious to gases by a
coating of glaze between the double wall of the tube.
The tube is formed by casting first a thin tube of the
body composition, followed immediately by a cast
(or coating) of the glaze, and then a third coating using
the body composition to form the inner wall of the tube.
When dry, this double -wall tube can be removed from
the mold and burned in the usual manner.

THE FLATTEST FLAT
The United States Bureau of Standards has recently

completed a flat surface which it claims has a deviation
of one -ten -millionth of an inch of being perfectly flat.
This is made out of quartz and will be available to
American industry generally for test purposes. It is
predicted that it will make for more accuracy of the
development of intricate mechanical instruments em-
ployed in many manufacturing processes especially in
the construction of machinery.

This "master quartz flat" will supplant the glass
flats previously used by the bureau in testing microm-
eters and other measuring gauges used by manufac-
turers. With the glass flats previously used the same
degree of accuracy could not be obtained because.of its
tendency to expand unequally due to heat.

1. Bureau of Standards Tech. Paper No. 170, p. 89



Remote- Controlled Substations
of the New York and Queens Electric Light and Power Company

BY W. C. BLACKWOODI
Member, A. I. E. E.

Synopsis.-This, paper describes a unit type of distribution sub-
station which has been designed for a Metropolitan district. Al-

though of much lower capacity than other stations on the same
system, its cost per kv-a. is approximately the same as the larger

stations. The station is unattended and all operations are con-

trolled from a distant attended station. The cost of operation
per unit of capacity is no greater than for a much larger attended
station. Remote -control was adopted rather than automatic
operation because of the nature of the load and territory served
where service with minimum interruption is demanded.

THE New York and Queens Electric Light and
Power Company serves four wards in the Borough
of Queens, New York City, covering approxi-

mately 100 sq. mi. This territory is developing very
rapidly both with industrial establishments of all types
and sizes and residences varying from small one -family
houses to very large apartment buildings.

Energy is purchased from the United Electric Light
and Power Company at 13,200 volts and 26,400 volts
and is stepped down for 2300/4000 volts., four -wire,
distribution in substations located in Long Island City,
Flushing, Maspeth and Jamaica, the ultimate capacity
of these stations being. 75,000 kv-a., 40,000 kv-a.,
60,000 kv-a. and 30,000 kv-a. respectively.

In 1925 it was necessary to provide additional sub-
station capacity in the district supplied by the Jamaica
Substation, and three means of accomplishing this were
considered-first, to increase the size of the present
substation at Jamaica; secondly, to build another similar
attended station; and thirdly, to build a smaller un-
attended station for automatic operation or remote
control, and to provide for future growth by the erec-
tion of other similar unit unattended stations.

A study of these plans indicated that the cost per
kv-a. of a large attended station and a small unattended
station with automatic features or remote control was
approximately the same due to the greater simplicity
of the smaller station and the possibility of using
switches of lower interrupting capacity than would be
required in a large substation where the concentration
of power would be greater. It was also found possible
to resort to bus regulation in the smaller station, be-
cause of the shorter distribution feeders which would be
supplied by it, while in the large station it would be
necessary to install regulators on the individual feeders
with the attendant complication of spare feeder equip-
ment and transfer bus.

If operators were employed the operating cost per
kv-a. of the smaller station would, of course, be greater
than that of a large station but, if unattended, the
operating cost per kv-a., considering periodic inspec-
tions which must be made, is estimated to be less than
that in the large attended station.

1. Of the New York and Queens Electric Lt. & Power Co.,
Long Island City, New York.

To be presented at the Annual Convention of the A. I. E. E.,
White Sulphur Springs, W. Va., June 21-26, 1926.

In considering whether an automatic or a remote -
controlled substation would be built, the governing
factor was the quality of service to be supplied. As
demanded in a metropolitan section, it has always been
the company's policy to furnish service as nearly free
from interruption as possible. Also, the increasing
demands upon electric service for such devices as oil -
burning equipments, electric clocks, operation of radio
and other uses are beginning to make the furnishing of
service with 100 per cent continuity imperative. An
automatic substation without supervision and control
from an attended station would not give the quality of
service demanded, and, in order to supply such service,
it was decided that all of the operations in the substation

To Maspeth To Jamaica

>>m Y-_-- _ - -

Cable

Disc. Sm

`i Pot. Trans

Truck Breaker

Current Trans.

13,200 V. Bus
Current Trans

Truck Breaker

3,750 Ova. Trans.

Regulator

Current Trans.

Pot. Trans.

Current Trans.

Truck Breaker

Current Trans.

'4003 V. Bus

Truck Breaker

Current Trans.

FIG. 1-ONE-LINE WIRING DIAGRAM WOODHAVEN SUBSTATION

should be under the direct and immediate control of an
attendant at some point on the system. With such
supervision, it was not considered necessary to install
automatic features in the station, and the final decision
was to build a station with all switches remote -con-
trolled from the nearest attended station and with all
operations indicated at that station.

The first substation of this type was erected in Wood-
haven at a location about 2% mi. from the Jamaica
substation. Three 3750-kv-a., three-phase, oil -insu-
lated, self -cooled transformers were installed and the
rated capacity of the station is 7500 kv-a., one trans-
former being a spare. The station is fed by a 13,200-

volt., three-phase 500,000-c.m. underground cable
from the Jamaica substation and a similar cable from

531
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the Maspeth substation approximately 5 mi. away.
Referring to the wiring diagram, Fig. 1 will showthat each incoming cable is connected through oil

circuit breakers to a 13,200 -volt bus, which is sectional-ized at its mid point by an oil circuit breaker. One
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transformer is connected to each section of this bus
through oil circuit breakers, and the third transformer
is arranged with double breakers for connection to
either section of the bus. The switching connection
on the 4000 -volt side of the transformers is similar to
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FIG. 3-PLAN OF WOODHAVEN SUBSTATION

that on the primary side, with the exception that the
4000 -volt bus is operated in two sections without a tie
breaker. There are four 4000 -volt loop distribution
feeders, the two ends of each feeder being connected to
opposite sections of the 4000 -volt bus. Three 135-kv-a.,
single-phase, automatic induction voltage regulators
are connected in the secondary leads of each trans-
former. The distribution feeders are rated at 400
amperes for a loop feeder, although the switches on
each end of the loop have a capacity of 600 amperes.

Each transformer bank is protected by differential
relays and the bus sections are similarly protected so
that any fault on the bus or its connections will open
all breakers connected to the section in trouble. With

the loop arrangement of feeders, this will cause no
interruption to service.

The bus and switch struct tires were greatly simplified
by the installation of single-phase, truck -type, oil
circuit breakers, grouped according to phases both on
the 13,200 -volt bus and the 4000-volt bus. The trans-
former switches and 13,200 -volt switches are controlled

{
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FIG. 4-SECTIONS OF WOODHAVEN SUBSTATION

as three-phase units, by electrically connecting the
solenoids.

The 4000 -volt feeder breakers are operated single-
phase. As will be noted from the sectional drawings of
the liswitch compartments, the grouping of all the
switches on one phase makes it unnecessary to install
three buses and avoids the usual connections from the

FIG. 5 -PANEL OF JAMAICA SUBSTATION FOR
CONTROL

WOODHAVEN

bus to the switches which must, in the case of two of the
phases, cross other buses if they are arranged in
vertical formation.

Fig. 2 is a diagram of the control connections, in the
design of which consideration was given to the fact
that the station would be unattended and that therefore
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continuity of the d -c. supply was essential. Two

banks of station light and power transformers are fed
from two 4000 -volt feeders, tied to opposite bus sections.

The secondaries are connected through an automatic
throw -over switch to a 220 -volt., three-phase bus from
which two 5 -kw. motor generator sets are fed . Normally,

FIG. 6-SUPERVISORY CONTROL RELAY CABINET AT JAMAICA

SUBSTATION FOR WOODHAVEN CONTROL

one set is in operation, trickle -charging the battery,
and relays are provided which, in case of failure of this
set, will immediately place the other set in operation.

Flu. 7-SUPERVISORY CONTROL RELAY CABINET AT JAMAICA
SUBSTATION FOR WOODHAVEN CONTROL

A one -kw. motor generator is provided to supply the 48
volts, direct current, required to operate the super-
visory control system. In case of failure of this set,
connection is automatically made to a 48 -volt tap on

the station battery. The motor generator set is used

for normal operation instead of the battery tap to avoid
unequal discharge of the battery.

Sectionalizing switches, but no fuses, are used in the
d -c. connections to the oil circuit breaker compartments
and all wiring is insulated with 5/32-in. special rubber
compound, so installed that grounds or short circuits
are practically impossible. This plan was adopted
because the blowing of a fuse in an unattended station
would probably not be discovered until an attempt was
made to operate a breaker and a serious interruption
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might result if the d -c. supply to a trip coil was open at
the time of a feeder short circuit.

All operations in the station are controlled from a
panel in the Jamaica substation shown in Fig. 5. This
panel is made of furniture steel and the control keys
and indicating lamps are arranged in accordance with
the wiring diagram of the Woodhaven station. The
control is the Westinghouse Synchronous Relay Visual
System, which was described in a paper by Mr. Chester
Lichtenberg, presented at the Midwinter Convention
in New York, February 8-11, 1926. The relay cabinets
at the Jamaica and Woodhaven stations are shown in
Figs. 6 and 7. The control cable, which is installed in
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The supervisory equipment controls 21 single -pole,13,200 -volt breakers and 12 single -pole, 4000 -voltbreakers, in groups of three, but with single -pole in-dication at the Jamaica station and 24 single -pole,4000 -volt feeder switches with single-pole indicationat the Jamaica station.
It is also possible to read at Jamaica, the currentand voltage of each transformer in the Woodhavenstation and to operate the regulators from Jamaica toequalize the voltage on the transformers when one isbeing cut into service.

FIG. 10-WOODHAVEN SUBSTATION 4000:VOLT OIL CIRCUITBREAKERS AND CONTROL PANELS

Indication is given at Jamaica of high temperature in
the transformer windings, ground on the d-c. control
system, the operation of the battery charging motor
generators and the opening of the station door.

The Woodhaven station has been in operation only a
few months and therefore, no definite conclusions can
be drawn as to the operation of the supervisory equip-ment. The installation is probably the most extensive
and complicated that has yet been placed in serviceand there were naturally a number of difficulties en-
countered in starting it. These were mostly matters of
relay adjustment and changes in connections which
were found to give back feeds or sneak paths which
caused incorrect relay operations. These have been
corrected and it is believed that the reliability of opera-
tion will be at least equal to that of an attended station.

Construction of a similar station at Hollis approxi-
mately eight miles from Jamaica has been started and
while the connections and arrangement are substan-
tially the same as at Woodhaven, certain changes have
been made which are considered improvements in the
design.

The Hollis station will have twice the capacity, or

15,000 kv-a. supplied by two 7500-kv-a. transformers
with one 7500-k v -a. spare unit. The diagram of
connections is shown in Fig. 8. Each transformer
will be supplied by a 13,200 -volt incoming feeder with
no high-tension bus. With this exception the connec-tions are the same as at Woodhaven. There are of
course eight instead of four -loop, 4000 -volt feeders.

The arrangement of the bus and switch structures
shown in the plan Fig. 9, is slightly different and a con-
trol board has been provided at the end of the 4000-volt bus structure on which are located the controlswitches for the feeder breakers which at Woodhaven
are located on the panels directly above the breakers.
The relays for each feeder are located on panels abovethe breakers as at Woodhaven but these panels havebeen faced in the opposite direction so that access is
had from the top of the bus structure instead of from
ladders in the switch aisle.

The supervisory control equipment is identical withthat used at Woodhaven and the control panel will be
placed alongside the Woodhaven panel in the Jamaicasubstation.

The growth of load in the Borough of Queens is takingplace in a number of communities or centers some ofwhich are widely separated and it is probable that the
growth will be served by the erection of stations similar
to those described above at or near the load centers.Supervisory control equipment, although it has pro -

FIG. 11-WOODHAVEN SUBSTATION, 13,200 -VOLT OIL CIRCUIT
BREAKERS

gressed rapidly in the past few years, has been de-
veloped principally along the lines of supervision and
indication of the operations of automatic stations andhas not been depended upon entirely for the complete
operation of stations. Much more reliable equipmentis needed when the station is not arranged to operate
itself automatically in case of failure of the supervisory
equipment and while the equipment now available
may prove to be satisfactory it will probably be found
necessary to change its design in some respects to make
it more rugged before the reliability of operation which
is demanded in metropolitan districts, is fully realized.



Abridgment of

Refraction of Short Radio Waves
in the Upper Atmosphere

BY WILLIAM G. BAKER'

Synopsis.-The paper shows that the striking phenomena of
short-wave radio transmission (i. e., below 60 meters) can be quanti-
tatively accounted for on a simple electron refraction theory in which

the effect of the earth's magnetic field and electron collisions may be

neglected as a first approximation. The distribution and number
of electrons per unit volume in the upper atmosphere required on
this theory to account for the meager experimental data appear
to be in general accord with the values required in the explanation
of the diurnal variations of the earth's magnetic field, aurorae and
long -wave radio transmission.

The paths taken by the waves from an antenna to distant points on
the surface of the earth are calculated. The path calculations give a
definite picture of the now familiar skip distance effects. Ideal
signal intensity curves (i. e., neglecting absorption and scattering)
are given, which show how the energy sent out by a transmitter is

and CHESTER W. RICE2
Associate, A. I. E. E.

distributed over the surface of the earth. A focussing of energy just
beyond the skip distance, and again just inside the point where
the ray tangent to the ground at the transmitter comes back to earth
is clearly shown. The reflection of waves at the surface of the
earth is also considered.

The results of these calculations make it possible to estimate the
most suitable wave lengths for night and day communication between
any two points on the earth's surface. It is also pointed out that
there will be a minimum wave length, in the vicinity of 10 meters,
below which long distance communication becomes impossible. It is
shown that from the point of view of long distance communication low
angle radiation is most effective. The ray paths and energy flux
density in the wave front of the sky waves are independent of the
plane of polarization of the transmitter. The effects of polarization
on the reception problem are not discussed.

I. INTRODUCTION

SHORT -wave (i. e., 60 to 15 meters) transmission
experiments during the past two years have
definitely brought to light many peculiarities which

were entirely unexpected as extrapolations from our
many years of long -wave experience. Until recently
any announcement of long-distance short-wave trans-
mission was put down as an unexplained freak by the
average radio man, and dismissed from his mind. As
the number of such reports increased, we could no longer
be content to dismiss them as freaks and were forced to
abandon our preconceived notions as to what normal
short-wave transmission should be, and extend our
theory in such a way as to give these remarkable results
a definite place in the new scheme of things.

In Fig. 1 we have attempted to summarize the avail-
able data on short-wave transmission characteristics.
Most of the data are from the valuable papers by
Taylor' and Taylor and Hulburt4 with a few check
points kindly supplied by Young.' We have also ob-
tained considerable help, in drawing the smooth curves
through the few scattered points, from the valuable
work published by many amateurs.° The curves
assume that 5 -kw. are being supplied to an average

1. W. and E. Hall Fellow of the University of Sydney, New
South Wales, Australia. Research Laboratory, General Electric
Co., Schenectady, N. Y.

2. Research Laboratory, General Electric Co., Schenectady,
N. Y.

3. A. Hoyt Taylor, Inst. Radio Eng., Vol. 13, p. 677, 1925.
4. A. Hoyt Taylor and E. 0. Hulburt, Q. S. T., p. 12, Oct.

1925.
5. C. J. Young, Unpublished reports on

mission Tests by the General Electric Co. at
6. See for example Q. S. T., 1924 and 1925
Presented at the Midwinter Convention of

New York, N. Y., February 8-11, 1926.
paper available upon request.

Short -Wave Trans-
Schenectady, N. Y.

the A. I. E. E., at
Copies of complete

antenna and that the practical limit of reception is
reached at 10 microvolts per meter. The curves further
assume full daylight or night conditions at both the
transmitter and receiver in order to eliminate sunset and
sunrise effects as well as peculiarities which arise when
one station is in darkness and the other in daylight.
This, of course, limits the diagram to practically north
and south transmission; nevertheless, it may be used to
estimate the general trend for other conditions.

As a typical example of the peculiarities of short -
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FM. 1-APPROXIMATE TRANSMISSION CHARACTERISTICS
MAINLY FROM DATA BY A. H. TAYLOR FOR 5 Kw. IN ANTENNA
AND LIMIT OF RECEPTION, 10 MICROVOLTS PER METER. NORTH
AND SOUTH TRANSMISSION

wave transmission, let us describe the experience ob-
tained with a 5 -kw., 30 -meter transmitter. Here the
signal rapidly descreases as we leave the transmitter and
reaches the lower useful limit of 10 microvolts per
meter at about 70 miles. This short range is what
might be called the expected value as viewed from our
long -wave experience and is represented in Fig. 1 by
passing to the right of the line marked Limit of Ground

535
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11.11(10,1t AN!) ItI(.'E: "I'IoN 010 till()ItT ItA I 11'.1VE5 .1mirlial A. I, E. E.Wave. If we now continue to greater distances thesignal remains out until we reach approximately 450miles where the day signal unexpectedly becomes strongagain. This is represented in the figure by crossing tothe right of the curve marked Minimum Range of DaySky Wave. Continuing to greater distances we find thesignal gradually falling off in intensity, reaching theuseful limit of 10 microvolts per meter in the vicinity of4500 miles by day. This is represented in Fig. 1 bypassing to the right of the curve marked Maximum DayRange. On a summer night thesignal does not reappearafter the 70 mile extinction until we are approximately

2000 miles from the transmitter, after which the signalfalls off gradually to a very low value at 7500 miles.The present explanation of the above peculiarphenomena is as follows: Assume, for simplicity, thatenergy is radiated equally in all directions by the trans-mitter. As we go away from the source. the signalstrength will decrease in the usual manner due to spread-ing and energy absorption by the ground, with theresult that the 30=meter signal practically vanishes inthe vicinity of 70 miles. In other words, the ground
wave component of the 30 -meter signal behaves as weshould expect from our long -wave experience, i. e.,is rapidly attenuated. The unexpected thing happenswhen we go out to 450 miles and find that the signal byday has reappeared. This reappearance of signal is
accounted for by electronic refraction of a portion ofthe energy which is radiated towards the sky. A re-flection theory of this effect has been proposed byReinartz.7 More recently a refraction theory has been
developed by Taylor and Hulburt.4 The calculationsin the present paper are based on the electron theoryof optical dispersion in metallic media as developed
by Lorentz,8 Drude,9 etc. We are also greatly in-debted to Eccles,1° Larmor,il Appleton" and Nichols
and Schelleng13 who have worked out many important
conclusions which follow from an application of the
optical theory to various phases of the radio transmis-sion problem.

The present calculations show that by making certain
reasonable assumptions as to the number and distribu-
tion of the free electrons in the upper atmosphere the
main characteristics of the relatively meager experi-
mental results can be accounted for.

The calculated paths for rays going out from the
transmitter at different angles to the horizontal show
the following general characteristics: A ray starting out
at a low angle will be only slightly refracted and come

7. John L. Reinartz, Q. S. T., p. 9, April 1925.
8. H. A. Lorentz, The Theory of Electrons, Teubner, 1909.
9. Paul Drude, The Theory of Optics (Engl. Trans. by Mann

and Millikan) Longmans, 1917.
10. W. H. Eccles, Proc. Roy. Soc., Lond., Vol. 87, p. 79, 1912.
11. Joseph Larmor, Phil. Mag., Vol. 48, p. 1025, 1924.
12. E. V. Appleton, Proc. Phy. Soc., Lond., Vol. 37, Part 2, p.

16D, 1925.
13. W. H. Nichols and J. C. Schelleng, The Bell System

Technical Journal, Vol. IV, p. 215, 1925.

to earth again at a great distance from the transmitter.For higher angles the rays will ret urn to earth progress-ively nearer the transmitter. Finally a critical angleis reached for which the refracted ray comes down at the
nearest distance to the transmitter. For higher anglesthe points of return recede from the transmitter untilfinally a second critical angle is reached where the raydoes not return to earth, but instead goes out intospace and is lost.

The distance from the transmitter to the nearestpoint at which the refracted sky wave returns to earthhas been called the "skip distance." For a given
wave length the skip distance is a minimum in themiddle of the day and a maximum on a winter night,the summer night value being somewhat less than thewinter night skip. This variation is theoreticallyaccounted for by a change in the height, thickness andmaximum value of the electron density in the upperatmosphere.

The experimental summary given in Fig. 1 shows thatthe skip distance for a given time of day or night
decreases with increasing wave length. This observa-tion is in agreement with the increase in refraction onthe longer wave lengths. If we neglect the effect of
collisions between the electrons and gas molecules whichprevent the refraction index from going to zero, weobtain a sharp upper limit in wave length above whichskip distances fall to zero. For the ionization valuesassumed in the paper, this occurs for a wave length of60 meters on a winter night as shown in the calculated
skip distance curves of Fig. 16.

If the effect of collision frequencies were taken into
account, this sharp upper limit would disappear and wewould obtain skip distances on wave lengths greater
than 60 meters for the assumed winter night ionizationvalues. The effect of the earth's magnetic field willalso require consideration in the vicinity of the upper
limiting wave length. The experimental determinationof skip distances on the longer wave lengths will bedifficult owing to the masking effect of a relatively
strong ground wave.

On the present theory we may expect severe fadingnear the transmitter under certain circumstances.
For example, consider the case of 60 -meter transmissionon a winter night. Here a refracted or sky wave willfall inside of the .ground wave limit and at a certain
distance may be approximately equal in magnitude tothe ground wave value. Under these conditions
severe interference effects between the two waves willresult. If the ground absorption is high this effectmay be found quite close to the transmitter. Oversalt water the effect should occur at a greater distance.

On shorter waves where the skip distance is wellbeyond the ground wave limit, severe fading is expected
in the region just beyond the skip distance, where the
two sky waves of approximately equal intensity overlap.

Appleton12 and a little later Nichols and Schellene
independently pointed out that the earth's magnetic
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field should produce some very interesting effects on
radio transmission, especially in the vicinity of 214
meters and above. It is interesting to note, in this
connection, that Fig. 1 shows a marked absorption in
the 214 meter region. A very interesting study of
transmission phenomena in the broadcast wave length
band, has recently been reported by Bown, Martin and
Potter". The present paper is confined to the propa-
gation phenomena on the short-wave side of 214 meters
where the effective electron restoring force due to the
earth's magnetic field will cease to be important com-
pared with the electron inertia force, and may, there-
fore, be neglected as a first approximation.

The subject matter contained in the body of the
complete paper will be summarized here, by listing the
section headings.

II. REFRACTIVE INDEX OF A MEDIUM CONTAINING
FREE ELECTRONS

III. GENERAL EQUATION FOR THE PATH OF A RAY
IN A MEDIUM OF VARYING REFRACTIVE INDEX

IV. CONSTITUTION AND DISTRIBUTION OF IONIZATION
IN THE UPPER ATMOSPHERE

V. CALCULATION OF THE PATH OF A RAY IN A MEDIUM
IN WHICH THE ELECTRON DENSITY IS A SINE

SQUARE FUNCTION OF THE HEIGHT
VI. TYPICAL PATH CALCULATIONS

VII. DISCUSSION OF SKIP DISTANCE CALCULATIONS
VIII. CALCULATION OF THE POWER RECEIVED AT THE

SURFACE OF THE EARTH FROM A DISTANT SHORT
WAVE TRANSMITTER, NEGLECTING ENERGY

ABSORPTION

IX. INTENSITY CALCULATIONS

Appendix I
EFFECT OF ELECTRON COLLISIONS WITH MOLECULES
ON THE REFRACTIVE INDEX OF AN IONIZED MEDIUM

Appendix II
GENERAL EQUATION FOR THE PATH OF A RAY IN A

MEDIUM OF VARYING REFRACTIVE INDEX IN
POLAR COORDINATES

Appendix III
DIFFERENTIATION OF THE RANGE EQUATION WITH
RESPECT TO 0 FOR THE CASE OF A CURVED EARTH

Appendix IV
FOCUSING EFFECTS AT THE SKIP DISTANCE AND INSIDE

OF THE TANGENT RAY

X. SUMMARY AND CONCLUSIONS

We have seen that the striking phenomena of short
wave radio transmission (i. e., below 60 meters) can
be quantitatively accounted for on a simple electron
refraction theory in which the effects of the earth's
magnetic field and collisions of electrons with molecules
may be neglected as a first approximation. The distri-
bution and number of electrons per unit volume in

14. Ralph Bown, De Loss K. Martin and Ralph K. Potter.
The Bell Syst. Tech. Jour., Vol. V, No. 1, p. 143,1926.

the upper atmosphere required on this theory to account
for the meager experimental data appear to be in general
accord with the values required in the explanation of
the diurnal variations of the earth's magnetic field,
aurorae and long wave radio transmission".

Thus the large increase in the skip distance on a given
wave length at night compared with that by day is a
natural consequence of the greater ionization produced
on the sunlit hemisphere by the streamers issuing from
the sun. The ideal field intensity calculations given
in Fig. 25 show that we may make an ample allowance
for scattering and absorption and still account for the
strong signals observed at great distances. The high
field intensities indicated in the ideal curves of Fig. 25
at the skip distance and where the tangent ray strikes
the earth are due to the focussing effect discussed in
Appendix IV. The intensities at the two foci will, of
course, be limited by the finite size of the source as well
as by absorption and scattering.

Let us now discuss the problem of maintaining night
and day communication between two points 5000 kilo-
meters apart from the point of view of the present
theory. For full winter night conditions (i. e., night
at both transmitter and receiver) Fig. 16 indicates that
the selection of a 30 -meter wave length would put the
receiver right at the skip distance. Such a wave
length selection would result in the arrival of two
intense sky waves and consequently severe fading.
Inspection of the field intensity calculations of Fig.
25 show that the field intensity produced by the
ray leaving the transmitter at the higher initial angle
dies out very rapidly compared with that produced by
the ray having the lower initial angle. Therefore, if we
pick a somewhat longer wave length than 30 meters we
will receive a reasonably strong signal from one ray
only and consequ ntly be less likely to find severe and
rapid fading effects. We would, therefore, probably
choose a wave length in the vicinity of 32 meters for
winter night operation.

An alternative would be to select a wave length
in the vicinity of 55 meters, with the idea of taking
advantage of the focussing which occurs just inside
of the distance at which the ray leaving the transmitter
tangent to the ground comes back to earth. For full
day conditions this wave length would be weak since
5000 kilometers is too far from the day skip distance.
If we applied the above reasoning in selecting the best
value for full day operation from Fig. 16 we would
probably be led to select a wave length in the vicinity of
11 meters. This, however, would bring us down very
close to the lower wave length limit which would
mean a very weak signal. The reason for the weak
signal near the low wave length limit will be readily
appreciated when we remember that under these
conditions we are working close to the value at which

28. H. J. Round, T. L. Eckersley, K. Tremellen and F. C.
Lunnon. Journ. Inst. Elec. Engg., Vol. 63, No. 346, p. 933,
Oct. 1925.
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It would, therefore, be better to select a wave lengthin the vicinity of 15 meters and operate on the ray whichis reflected from 2500 kilometers to 5000 kilometers.
Under these conditions we would, of course, face thepossibility of considerable fading due to interference
between the weak direct ray and the reflected ray.Another method would be to use a still longer wavelength, for example around 25 meters, and depend uponthe reflection of the energy falling at 2500 km. which is
already beginning to pile up towards the focus at 3500km.

In this connection it is interesting to note that thereflected 25 meter signal should be much stronger at6400 km. than at 5000 km. since the focus is in the
vicinity of 3200 km. In other words, it is apparently
easier to get a good day signal at 6400 km. than at 5000km. This point of view indicates that in short wave
transmission problems, there will be certain favoreddistances. Another point of interest is that a 28 meter
wave length should give good day and night communi-
cation between two points about 6400 km. apart due tothe direct ray by night and the reflection from the
tangent ray focus by day.

The numerical values deduced for this example are, of
course, very uncertain since the ionization constants for
the upper atmosphere which are required before a setof radio transmission characteristics like Fig. 16 can
be calculated were figured backward from the very
meager radio data. In other words it is probably fair
to say at the present time that short wave radio trans-
mission experiments are the most direct method we
have of estimating the ionization conditions in the upper
atmosphere. We should not lose sight of the fact that
the skip distances, etc., which depend upon the ioniza-
tion conditions in the upper atmosphere are probably
not constant but will vary from year to year following
the 11 year sun spot period, the last minimum of which
occured in 1922.

When both the transmitter and receiver are not in
the sunlit or darkened hemisphere the ray paths will no
longer be symmetrical about the middle point, and due
allowance will have to be made for the variation of
ionization conditions between the two stations. Sunset
and sunrise effects will also require special treatment.
It is also probable that transmission to or from the polar
regions will require special study of this kind, due
to the high concentration of ionization over the polar
regions as compared with that over the middle belt of
the earth. We can conclude in a general way that
transmission from the sunlit into the darkened hemi-
sphere will result in longer skip distances than would
result if daylight extended over the whole path. For
example, a ray entering the ionized medium from the

sunlit side will at first meet I he normal day refract ion,
which starts bending the ray back towards the earthand, as it moves into the darkened hemisphere, thebending by refraction will become less and less until
normal night condi! ions exist. Thus the ray will strike
the ground at a greater distance from the transmitter
than it would have, if full day conditions extended overthe entire path. Here the general conditions for
reciprocity" are satisfied, so that if a ray were started
back along the same path it would retrace the entire
path back to the starting point.

Inspection of the day curve of Fig. 16 shows that
it will be impossible to maintain communication be-
tween two distant stations on less than a 10 -meter wavelength. This limitation is due to the fact that the
tangent ray will strike the lower boundary of theionized medium at an angle greater than the second
critical angle and will therefore not return to the earth,
but be refracted out into empty space.

The precise value of this minimum wave length is,of course, not 10.6 meters, as indicated in Fig. 16,
because of the meager data upon which the figure isbased. There is a similar limit for full winter night
conditions given as 22.5 meters in Fig. 16. Near sunset
or sunrise we can, however, use a wave length less than
the above full winter night limiting value, when trans-
mitting from the dark into the light hemisphere, sincethe refraction is increasing in the direction of travel ofthe ray and may be sufficient to bend the ray back toearth.

It is now interesting to see what type of antenna
directive curve will be most effective for long distance
communication from the point of view of the presenttheory. We have seen that all of the energy which
strikes the lower boundary of the ionized mediumabove the second critical angle is refracted out into
space and is lost. The initial angle at the transmitter
which corresponds to this condition is obtained from
equations (80) and (97) as

0 = cos-' (1 b ro) /1 - o No/ w2 I
which may be written for convenience as

0 = cos-' 1 (1 b 6300) N/1 - 9 x 10-s N
The summer day and winter night conditions onlong wave lengths yield the largest useful values of theinitial angle. For our assumed ionization condition

we obtain 0 = 67.8 deg. for 40 meters on a summer dayand 0 = 64.5 deg. for 55 meters on a winter night.
For shorter wave lengths the critical values for the
initial angles will be much less, as will be seen from Figs.23 and 26. Here 0 = 25.9 deg. for 21 meters on a
summer day and 0 = 11.2 deg. for 25 meters on awinter night. Thus we may conclude that on these

29. Cases where two way communication op the same wavelength will not hold, due to the effect of the earth's magneticfield, or because of an electron drift velocity, have been discussedrespectively by E. V. Appleton, Nature, p. 382, March 7, 1925,T. L. Eckersley, Nature, p. 466, Sept. 26, 1925.
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short wave lengths all of the useful radiation is emitted
between the horizontal and approximately 70 deg., and
the greatest distances are reached by the low -angle
radiation. We therefore conclude that for long-
distance work, on short waves, maximum efficiency is

obtained by low -angle radiation. This also means that
nearby obstructions which cut off the low angle radi-
ation will be detrimental to long distance working. It
is therefore desirable to place the transmitter on a hill
or mountain, so as to obtain an unobstructed path to
the horizon in the desired direction. Raising the an-
tenna system . well above the ground will also assist
by reducing ground losses and lowering the
horizon.

For long distance work the plane containing the elec-
tric vector at the transmitter may make any angle
whatever with respect to the ground without appreci-
ably affecting the ray paths or energy flux density
in the wave front.

In any case the earth's magnetic field will produce
enough rotation of the plane of polarization to make the
angle of polarization of the received ray at the surface
of the ground purely a question of chance. The best
type and orientation of receiving system (loop or
antenna) will depend upon the direction and polariza-
tion of the arriving wave as well as upon the con-
ductivity of the ground and height of the receiving
system above the earth. Some interesting work on
determining the direction of arrival of signal waves has
recently been done by Appleton and Barnett3°.

The best polarization of the transmitter can therefore
be considered from the point of view of ground losses,
mechanical construction and such questions as nearby
interference, due to the ground wave, etc.

It should be pointed out in closing that electron
collisions and the effect of the earth's magnetic field will
modify the shape of the skip distance curves in the
vicinity of the upper asmptotic wave length. Here
absorption and double refraction (i. e., splitting of a ray
into two components having different velocities of
propagation) will require consideration in a complete
theory of short wave transmission.

The above theory is based on continuous wave theory
and will not apply directly to very highly damped
waves. In highly damped spark transmission we are
dealing with a wide band of frequencies and therefore
skip distance effects, etc., will be considerably blurred.
Here methods similar to those used by Eckersley31 in
his very interesting explanation of the familiar "trolley
car noise" often heard by radio men, would have to he
applied.

The relatively small effect of molecular refraction,
due to density and temperature gradients in the lower

30. E. V. Appleton and M. A. F.
Vol. 109, p. 621, Dec. 1925.

31. T. L. Eckersley, A Note on
turbance, Phil. Mag., Vol. 49, p. 1250,

Barnett, Proc. Roy. Soc. A,

Musical Atmospheric Di s -

June, 1925.

atmosphere, discussed by Fleming32 and Larmorn
has been neglected.

It should also be kept in mind that only an
approximate allowance has been made for the
curvature of the ionized medium on the ray effect of
the paths.
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GERMAN-LUXEMBURG POWER
SCHEME

The sites for two plants of the Ours River hydro-
electric scheme, are to be such that one plant will be
in Germany and the other just across the border in
LuxembUrg. At the point where the dam is to be
built, the valley is narrow and the conditions favorable.
The dam will be 106 meters high, and the average
flow is 30 cubic meters per second. The impounded
water will back up a distance of 28 kilometers, and
flood 20 square kilometers, as well as six towns. In
order to obtain more water than the Ours River itself
supplies, water will be carried by pipe line from the
Kyll River at Birresborn (elevation 335) to the
Prum River (elevation 325) at Waxweiler, thence
to the Irsen River (elevation 318) and finally to
the Ours River. Water will also be drawn from
the Sauer River.

PLANS FOR SUPPLYING POWER

The new company intends to supply power only dur-
ing the day and to store the water at night. During
the night they may purchase cheap power and pump
water back into the lake, as the day power rate is about
4% times the night rate. A reserve supply of 200,-
000,000 cubic meters of water can be stored' in the
reservoir.

The power will be used in Luxemburg and the
Rhine Provinces. Transmission lines will be built to
Cologne (107 kilometers, 200,000 volts), connecting
with the Goldenburg company at Duren, Trier (45
kilometers, 100,000 volts), Eteburck (50 kilometers),
and Luxemburg City. When the work is completed,
the company will be able to generate 400,000 kilowatt
hours per day, which may be increased to 600,000.
Should the demand for power increase, another plant
can be erected below the present dam, giving a fur-
ther capacity of 60,000 kilowatts. There are a few
small power plants in the neighborhood which now
produce together about one -fortieth of what the new
company will be able to generate.

32. J. A. Fleming, Proc. Phy. Soc. Lond., Vol. 26, p. 318,
1913-1914.



Current Transformers with Nickel-Iron Cores
BY THOMAS SPOONER!

Member, A. I. E. E.
Synopais.-There has been developed recently a nickel -iron alloycalled hypernik which has especially low hysteresis loss and highpermeability at low inductions. Due to these properties the ma-terial is particularly

suitable for the cores of current transformers.A ring -type series transformer with a core of hypernik has ap-proximately one-third of the ratio and phase -angle errors exhibitedby a similar transformer having a core of ordinary silicon steel.

7'he relative performance of transformers with cares of the twokinds of material are shown by test and by calculation fur variousburdens and ratios. 7'he minimum ratio for which satisfactory per-formance can be obtained with a through -type transformer havingahypernik core is about 200 to 6.
This new material is relatively expensive but its use orll un-doubtedly be warranted for certain applications.

THE accurate metering of power supplied at highvoltages is difficult due to limitations in the per-formance of through -type current transformers.With a single turn for the primary the available m. m f.for low currents is very small. For a standard five -ampere secondary winding the number of secondaryturns is fixed by the ratio, therefore, for a given burdeninductions in the cores are high which means relativelylarge core losses and magnetizing currents. As thetransformer ratio decreases the phase -angle errors risevery rapidly due to losses and the low permeabilityat low inductions for the ordinary silicon -steel corematerials.
Some years ago L. W. Chubb recognized the pos-sibility of improving the performance of currenttransformers by the use of certain nickel -iron alloyswhich have especially high permeability at low in-ductions.2 Such a material has now become commer-cially available through the efforts of T. D. Yensen andP. H. Brace.

The purpose of this paper is to show some of theadvantages which may be gained by the use of aparticular nickel-iron alloy called hypernik for thecores of through -type transformers.

CURRENT TRANSFORMER CHARACTERISTICSIf the magnetic properties of the core of a currenttransformer and the leakage reactances of the windings
are known, the ratio and the phase -angle errors for anysecondary current or burden on the transformer; maybe calculated quite accurately. Since this particulardiscussion is limited to through -type transformers,the effect of leakage reactance will be neglected sincethis is practically negligible for this type of transformer.3In order to calculate the performance of ring-typetransformers, it is necessary then to know only the wattand wattless components of magnetizing current for theparticular core at the desired frequency and induction

1. Research Engineer, Westinghouse Electric & Mfg. Co.,East Pittsburgh, Pa.
2. U. S. Patent Number 1,277,384.
3. Effect of Magnetic Leakage in Current Transformers.H. W. Price, C. K. Duff.
Papers on Current Transformers. Bull. No. 2, Section No. 4,University of Toronto, 1921, p. 169-171.
Presented at the Regional Meeting of District No. 1 of theA. I. E. E., Niagara Falls, N. Y., May 26-28, 1926.

as determined by the secondary current and burden.A method of measuring the core characteristics will bediscussed later.
The relation between the magnetic properties of thecore and transformer performance has been shown veryclearly by Agnew.' Fig. 1 shows the vector diagramof a current transformer supplying an inductive load.E2 is the secondary voltage.
I and /2 are the primary and secondary currents,respectively.
n is the ratio of the number of secondary to primaryturns.
go is the phase angle of the secondary current.M is the magnetizing component of the core excitingcurrent necessary to produce the flux 43.F is the corresponding loss component of exciting

current (due to hysteresis and eddy losses inthe core).
Because of the magnetizing and loss components of

FIG. 1-VECTOR DIAGRAM OF CURRENT TRANSFORMER

the exciting current there will result (unless the excitingcurrent is in phase opposition with the secondarycurrent) a phase angle between the primary andsecondary currents which will differ from 180 deg.by the angle 0. This is the phase-angle error of thetransformer. The ratio error is proportional to thedifference between I and n /2.
Agnew gives the following simplified formulas forcalculating the errors in current transformers.

M sin cf, F cos cioRatio (R) = n
(1)2

4. A Study of the Current Transformer with ParticularReference to Core Losses. P. G. Agnew, Bull. Bureau of Stand-ards, Vol. 7, 1911, pp. 423-474.
540
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Ai cos go -F sin cp.
Tan 0 = (2)

n /2

Obviously if (to is 0, namely, if the burden on the
secondary of the transformer is non -inductive,

R = n (3)
F
12

Tan 0 =
2

(4)
In

In other words, for this case and a given secondary
current the ratio depends only on the ratio of the
secondary to primary turns and the loss in the core.
The phase angle depends only on the same turn ratio
and the magnetizing current or permeability of the core

material.
A material is desired, therefore, which has low losses

Sample'4 Transformer

V.G.

M
A.C. Potentiometer

FIG. 2-DIAGRAM OF CONNECTIONS FOR RING TESTING

and high permeability at low inductions. It is such a
material which has now become available.
DETERMINATION OF MAGNETIC PROPERTIES OF CORE

MATERIALS

In order to predetermine the performance of a given
design of a current transformer under definite condi-
tions of load, it is desirable to have curves for the
specific kind of core material which is to be used,
giving the watt and wattless components of the ex-
citing current plotted against induction. Such data
can be obtained by supplying a sample of core material
with a winding or windings, applying different voltages
of the desired frequency and measuring the current
and watts by means of sensitive indicating instruments.
For very low inductions this is rather a difficult and
tedious process since the wattmeter must be very
sensitive and corrections must be made for the in-
strument losses.

A much quicker and simpler method is to use a
Tinsley -Gall, a -c. coordinate potentiometer.' The
use of this instrument for such a purpose has been
described recently.' The method of test is shown in

Fig. 2.
The a -c. potentiometer, itself, is shown schematically.

It consists of two distinct potentiometers supplied with
currents which are equal in magnitude but differ 90 deg.

in phase. These currents are obtained from a phase -
shifting transformer having a two-phase secondary
winding. Voltage balance is indicated by means of a
vibration galvanometer. The sample, which is shown
in ring form, is provided with primary and secondary
windings N1 and N2. A -c. current of the desired fre-
quency is supplied from a convenient source through
a regulating transformer and a series resistance. This
source is the same as that which supplies the primary
of the phase -shifting transformer. The primary cur-
rent II is first adjusted to some convenient value and
switch S is thrown to the left, thus connecting the
potentiometer to the secondary winding N2. Poten-
tiometer B is set to 0 and the phase -shifting trans-
former and potentiometer A are then adjusted for 0
reading of the vibration galvanometer V G. When
this adjustment is completed, A gives the magnitude
of the secondary voltage and from it the induction in the
sample can be calculated as follows, assuming a sine
wave of voltage, which is nearly true for low and
moderate inductions assuming approximately a sine -

wave supply of current. This assumption is far from
true, however, for high inductions.

E2 X 108
B A X. N2 X f X 4.44 (5)

where,
B is the induction in gausses
E2 is the voltage induced in the secondary
A is the cross section of the specimen in sq. cm.
N2 is the number of secondary turns
f is the frequency.

Next, S is thrown to the right connecting the
potentiometer across the terminals of the shunt R.
Then potentiometers A and B are adjusted for a vibra-
tion -galvanometer balance. The reading of A is
now proportional to the loss component of the current
in the primary and the reading of B is proportional to
the wattless or magnetiiing component of the current.
If R equals 1 ohm, the readings of A and B are directly
in amperes. This operation may be repeated for as
many inductions as is desired. If more convenient a
single winding only may be used on the sample, pro-
vided it has a negligible resistance.

If now the magnetizing current is multiplied by the

5. A New A -c. Potentiometer, by D. C. Gall, Electrician,

Vol. 90, April 6, 1923, p. 360.

6. Some Applications of the A -C. Potentiometer, T. Spooner,
Journ. Optical Society of America and Review of Scientific In-
struments, March 1926, p. 217.
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.voltage and divided by the weight of the sample inpounds, there will result the wattless volt-amperes perpound for the material. Similarly the watt componentof current gives the watts per pound. This is on theassumption that N1 and N2 are equal. By using a suffi-ciently large sample, data have been obtained by thismethod for a range of inductions from a few gausses toseveral thousand gausses, both at 25 and 60 cycles.
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FIG. 3 -CORE LOBS OF RING PUNCHINGS
Ring Dimensions = 5-7/8 in. by 3-5/8 in.

Figs. 3 to 6 show the watt and wattless volt-amperefor 60 and 25 cycles for a good grade of four per centsilicon steel as compared with a rather poor specimen ofhypernik. The thickness of laminations was 0.014 in.(0.0356 cm.). These particular curves cover a ratherlimited range of inductions but indicate clearly the_difference in the properties of the two kinds of material.The marked superiority of the hypernik is obvious.For actual design purposes it is more convenient to
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FIG. 4 -MAGNETIZING CURRENT OF RING PUNCHINGS
Ring Dimensions = 5-7/8 in. by 3-5/8 in.

plot the results on double -log paper since a muchlarger range of inductions can be covered with lessconfusion of scales.
The Calculation of Performance. Using the magnetic

characteristics of the material as given by such curves asshown in Figs. 3 to 6, and by using formulas (1) and (2),it is a very simple matter to predetermine the char-acteristics of a through-type transformer. The methodwill be illustrated by an example and the results com-pared with actual test values. The following con-stants apply to a transformer actually built and testedat 60 cycles.
Core Material.

Hypernik

Rings: 578" in. (14.9 cm.) outside diameter; 3- HI.(9.2 cm.) inside diameter
Weight: 10 lb. (4.54 kilograms)
Cross section of core (density 8.3) = 14.22 sq. 1.111.Secondary W indings.
Turns: (N?) - 100
Resistance 0.109 ohms

Burden
15 volt-amperes at 80 per cent power factor (re-sistance 0.480 ohms)
Inductance = 956 microhenries.
The total resistance to be considered in calculating the
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FIG. 5 -CORE Loss OF RING PUNCHINGS
Ring Dimensions = 5-7/8 In. by 3-5/8 In.

50 100

performance must include the secondary resistance ofthe transformer winding, therefore,R = 0.109 0.480 = 0.589 ohm.X = 27r f 956 X 10-6 = 0.360 ohm.
R2 + X2 = 0.690 ohm

tan (p = 0.611
co = 0.521

cos go = 0.853
One ampere in the secondary,

therefore, corresponds
0 0 0025

z
cr
0.

0.0020
0..

5 0.0015
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0
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B -GAUSSES

300 350

FIG. 6 -MAGNETIZING CURRENT OF RING PUNCHINGS
Ring Dimensions = 5-7/8 in. by 3-5/8 in.

to 0.690 volts and from this the inductions can becalculated by the ordinary transformer formula (5).
TABLE I

CALCULATION OF TRANSFORMER PERFORMANCE
per lb.

12 E2 B V A W M F It tan 8 8
0.5 0.345 91 0.000150.000049 0.435 0.142 1.0069 0.00590 20'1 0.690 182 0.00047 0.00021 0.681 0.304 1.0060 0.00422 14'2 1.380 364 0.00140 0.00086 1.014 0.624 1.0053 0.00270 9'3 2.070 546 0.002590.00200 1.250 0.966 1.0049 0.00188 7'4 2.760 728 0.003930.00348 1.424 1.261 1.0045 0.00141 5'5 3.450 910 0.00540 0.00530 1.566 1.537 1.0042 0.00107 4'
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The wattless volt-amperes per pound, V A, and the

watts per pound, W, were obtained from curves similar

to those given by Figs. 3 and 4, but covering a greater

range of inductions. In order to obtain M and F, it is

simply necessary to multiply V A and W, respectively,

N2 W,
by where IV, is the weight of the core ma-

terial in pounds. R and tan 0 are then obtained
directly from formulas (1) and (2).

This detailed analysis has been followed through
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since it has been observed that a person not familiar
with this type of calculation is very likely to make a
mistake in applying the various formulas.

CHECK VALUES

Two transformers exactly alike, except that one had
a silicon -steel core and the other a core of hypernik,
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6

were constructed according to the above specifications,
each core weighing 10 lb. They were sent to the
Bureau of Standards for check at 60 cycles and two
burdens, namely 3.16 volt-amperes and 15 volt-

amperes. It may be noted that the net inductions in
the two cores were slightly different although the
fluxes were identical since silicon steel has a density of
about 7.5 and hypernik of about 8.3.

The test and calculated results are given by Figs. 7
to 10. The checks are probably about as close as could
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Burden = 15 volt-amperes
Power factor = 80 per cent

be expected and are in general very good. Before
calculating the performance, the magnetic quality of the
core material was checked on a completed transformer
at two or three inductions by means of the a -c. po-
tentiometer and where the results departed appreciably
from the curves of Figs. 3 and 4, parallel curves were
drawn from which the magnetic data were obtained.
RELATIVE PERFORMANCE OF TRANSFORMERS FOR

VARIOUS RANGES

Having shown that it is possible to calculate the per-
formance of this type of transformer with approximately
the same accuracy as it can be tested, we are now in a
position to show by calculation what can be expected
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SPOONER: CURRENT TRANSFORMERS WITH NICKEL -IRON CORES Journal A. 1. E.for various ranges. Figs. 11 to 15 give the comparativeratio and phase -angle curves for silicon and hyperniktransformers for various ranges of secondary current
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from 200 to 1500 amperes, using various burdens andweights of core material. The very considerable su-periority of hypernik over the silicon steel is seen forthese conditions. In comparing the ratio curves itshould be remembered that by means of turn cornpensa-
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tion the actual ratio curves may be reduced much closerto unity by this means. It will be noted, however, thatthis compensation will not be nearly as effective for thesilicon -steel transformers since the ratio curves are notnearly as flat as for the hypernik. The phase -angle
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errors will not be affected much by turn compensation.

Of course, compensation for phase -angle and ratio

errors can also be effected by means of parallel non -

inductive or capacity shunts, but this is rather unsatis-

factory since an adjustment has to be made for each

burden.2
As an indication of the burdens which may be irn-
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posed on a current transformer it may be mentioned
that a watthour meter requires from one to two volt-
amperes at full load and a switchboard ammeter about
three volt-amperes. Relays and recording instruments
may take 15 volt-amperes or more.

CONCLUSIONS

A new core material for current transformers has been
made available which for the same weight of core
reduces the ratio (assuming no compensation) and
phase -angle errors to approximately one-third of those
resulting from the use of ordinary silicon steel. This
material is much more expensive than silicon steel but
for large installations, where considerable blocks of
power need to be measured accurately, the extra cost
would be insignificant as compared with the value of
the improved accuracy of measurement. Where there
are space limitations, if desired, a smaller amount of
core material could be used giving the same performance
as for the silicon steel and at approximately the same
cost, but resulting in a smaller transformer.

The gain to be expected by the use of hypernik for
the cores of transformers, using L-shaped punchings,
would not be as great as for ring -type punchings, due to
the decreased permeability resulting from the gaps.
Even here, however, for the same size of transform are
considerable improvement by the use of the new iron

would result. The use of hypernik in through -type

transformers will perhaps be the most important
application since it is in this case that the transformer
designer finds his chief difficulty in obtaining good
performance. In this connection, however, it may be
mentioned that hypernik is of no value for the cores of
through -type transformers operating very heavy -

burden relays since it saturates at a considerably lower
induction than silicon steel. It is only at the lower
inductions, namely, for meter loads, that its superiority
manifests itself.

The application of this material for improving cur-
rent -transformer performance is extremely simple since
it involves no changes in the general transformer design
and no changes in the existing meters.

MUSCLE SHOALS
The Joint Congressional Committee on Muscle

Shoals has decided to recommend acceptance of the bid
of the Muscle Shoals Fertilizer Company and the
Muscle Shoals Power Distributing Company. The
terms of the proposal submitted by the above bidders
have been written into House Bill 11602 which is
awaiting action in the House of Representatives.
It is also understood that the acceptance of this pro-
posal has the approval of the President and the Secre-
tary of War.

It will be recalled that the Muscle Shoals Fertilizer
Company and the Muscle Shoals Power Distributing
Company represent a combination of fourteen public
utility companies which have previously been in-
terested in the use of the Muscle Shoals power.

No estimate is possible at this time as to how soon
this proposed legislation will be acted upon although
it is now felt no action will be taken during this session
of the 69th Congress.

FEDERAL POWER COMMISSION
WILL NOT INTERFERE WITH STATES

RIGHTS
The case of the New York State in its control of the

waters of the Niagara River, being handled before the
Federal Power Commission -by former Secretary of State,
Charles Evans Hughes, has brought a pointed state-
ment from the Federal Power Commission in which the
members reiterated their desire not to interfere with the
rights of states in the regulation or development of
navigable waters in their boundaries. The pro-
ject calls for the development of hydroelectric power
in the Gorge below the Falls of Niagara and
below the "Maid of the Mist" pool, in Niagara County,
where the above named company plans to erect its
power house and dam.

Mr. Hughes, in his letter, discusses at length the
commission's proposed license and states that the
Attorney -General of New York holds that its provisions
"would constitute an invasion of authority of the
State."



The lletardation \lethod ()I' Loss I )ciprmiliatimias Applied to I lie Large Niagara r:ilk ;Ilierators
lit" J. 11.14EN J()11\s()N,

AbbilLiate, A. I I

Synopsis. ---I wallah. literature is apparently lacking in infor-mation rut -larding retardation tests. 7'he purpose of this paperis to point out certain advantages of the method anal to describethe procedure followed in testing the Niagara generators.7'he basis of the method is first given with tin' fundamentalformula upon which it depends. *Since it requires the use of themoment of inertia, or "fly -wheel effect," W 10, methods of determin-ing this value are given, and it is pointed out that it can be determinedby test.
The methods of determining the speed of rotation and its raleof change are given, with a description of the devices used furautomatically recording the necessary data and the method of inter-

pith titi such data. It is stamen how tha ala ta 111,11,41(1am of losses our, -a range of speeds increases tha accuracy of tha deterin nations,GI neral methods of testing are de hr r !be tl, With a elIll nectoindiagram and an meth III' of the necessary precautions. Thaprocedure for tests for different losses is given,
t is shown how this method of test furnishes data for the separa-tion of the friction from the windage. The division of mechanicallosses between generator and turbine in a specific case is alsodescribed.

The procedure in determining the electrical losses from the tootdata is given and some observations made regarding the appart uldesirability of the further refinement of the no -thud.

WHILE the retardation method of determininggenerator losses has long been known and isrecognized by the Institute Standards, theInstitute records are peculiarly lacking in literatureon the subject, a search of the Index having failed todisclose a single paper on, or specific reference to,retardation tests. It seems rather strange that amethod of testing which has found its way into theInstitute Standards should have received so littleattention in its literature. The explanation probablylies in the inherent simplicity of the method and thecomparative rarity of its use in past times. It wouldappear that the method has been, and is yet, consideredas a "last resort" method, to be used only when noother method is possible. It is the writer's purpose to- show that the method has advantages and virtues ofits own, not possessed by the usual and better knownmethods. It has, in the writer's opinion, never receivedthe attention or publicity it deserves, nor been subjectedto the intensive study for the perfection of its techniquethat is warranted by its possible accuracy and its easeof application.
The writer's attention has been focussed upon thismethod by the necessity of determining the conventionalefficiencies of a considerable number of large water-wheel driven generators. The usual . or standardmethod of determining generator losses is by drivingthe generator with a motor of known efficiency, andmeasuring the input to the motor under the variousdesired conditions. This method is usually impractica-ble in the case of large water -wheel generators. Themost practicable and available method of making losstests on such installations is by means of the retardationmethod.

The lack of repute which has apparently been at-tached to this method is probably due to two factors:
1. Electrical Engineer, Niagara Falls Power Company, NiagaraFalls,N. Y.
Presented at the Regional Meeting of District No. 1, ofthe A. I. E. E., Niagara Falls, N. Y., May 26-28, 1926.

first, that it depends upon the fly -wheel effect, Wof the rotating parts, the determination of which hasbeen considered to lack accuracy since it has beenassumed that this value had to be calculated from thedesign: second, that the accurate measurement ofspeed and time are attended with certain difficultieswhich require the use of more refined methods andinstruments than the usual stop -watch and indicatingtachometer.
As a matter of fact, the fly-wheel effect can be deter-mined by test; and the rate of retardation can bedetermined by automatic recording devices far moreaccurately than by the tachometer and stop -watch.In fact, the method lends itself naturally to automaticgraphic recording methods, which may be made ofalmost any degree of accuracy desired.This paper, therefore, will describe the procedurefollowed in the determination of the losses in the largegenerators of the Niagara Falls Power Company in anattempt to demonstrate thereby the practicability ofthe retardation method for the determination of thelosses in such units.

The Retardation Method of Loss Test. The retarda-tion method is based upon the fundamental law for thekinetic energy of a rotating mass, i. e.:
W R2 w2E = 1 2

(1)

Where E is the energy.
W

is the mass of the rotating body

R is the radius of gyration, andw is the angular velocity.
If energy is added, the angular velocity or speed ofrotation must increase, and if energy is abstracted,the speed must decrease. Obviously the rate at whichthe speed decreases must be a function of the rate ofabstraction of energy, that is, of the power loss, and willbe given mathematically by the first differential of546
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equation (1) with respect to time. The equation for
power loss then takes the form:

d E W R2 . 2 co d

d t 2 g d t

Putting w = 2 r s (where s is speed rev. per sec.)

d E R2 d s

d t - 2

W
g "

8 'es . d t
(3)

Expressing this equation in convenient units for the
purpose of generator-loss measurements, we have:

4 W R2 r2 S ds
Loss in kw. = 32.2 (3600 x 33000 x 1.34) d t

Where
W is weight in pounds
R is radius of gyration in ft.
S is rev. per min.

ds

(2)

(4)

d t
is rate of retardation in rev. per min. per min.

32.2 is the acceleration of gravity in ft. per sec. per
sec. and the expression in parenthesis in the denomi-
nator contains the necessary conversion factors to
convert from sec. to min. and from ft -lb. per sec. to
kw.

Assuming W R2, the "fly -wheel effect," to be known
it is then only necessary to determine the speed (S)
and the corresponding simultaneous value of the rate

of retardation
d s-d

t
) to determine the corresponding

instantaneous value of power loss.
For convenience it is desirable, for each generator

tested, to combine all of the constants into a single
constant which may be called the "retardation loss
coefficient" and which may be designated by the letter
D. The loss in kw. for that particular generator will
then be:

Loss in kw. = D S d t
ds

(5)

Determination of W R2. The usual method of deter-
mining W R2 is by calculation from design, or from
design corrected by actual measurement of weights.
This is a rather laborious process, but one which can, if
necessary, be carried out to almost any desired degree
of accuracy. The usual method is to divide the mass
up into simple forms, the weights and radii of gyration
of which can be easily calculated, the summation of all
the parts giving the desired value for the whole. The
generator manufacturers are usually required to state
this value for use in the governor design, and it is there-
fore usually available.

The, value of W R2 can, however, be determined by
means of a retardation test in connection with the direct
measurement of the friction, windage and iron loss by
input. In this test the generator is driven as a syn-

chronous motor by a second generator connected to its

terminals. Readings of input to the driven machine
are made, also of the corresponding values of current,
voltage and speed. From these readings, the values of

combined friction windage and iron losses are deter-
mined. Upon the completion of these tests, the driving

generator is disconnected, after raising the speed
slightly, and a retardation test carried out while values
of voltage, speed and rate of retardation are carefully
obtained. By substituting in formula (4) above, the
corresponding values of loss, speed and rate of retarda-
tion obtained from these two tests, the value of W R2
can be readily calculated. It will usually be found, if

the work is carefully performed, that the value of W R2
so found, will check very closely with that obtained by
calculation from design.

Determination of speed (S) and rate of retardation

ds
d t

I. In the earlier tests, these quantities were

measured by means of the tachometer and stop -watch,
but it was found by experience that such methods are
apt to give inaccurate results, particularly at the higher
speeds where the speed is most rapidly changing, due
to the inaccuracies of tachometers and the difficulty of
accurate timing by such means.

In the later tests, automatic means were employed
for recording graphically the quantities from which the
speed and rate of retardation are deduced. These
means comprised three devices, namely:

1. A contact -making revolution counter
2. A contact -making timer
3. A two -element chronograph
The revolution counter consisted merely in a train

of gears arranged to be driven directly by the rotor of
the generator under test, and with a contact -making
device arranged to make contact every 10 revolutions of
the generator. Any other number of revolutions per
contact could, of course, be chosen if desired.

The timer used in these tests was one driven by a
clock and arranged to make contact once every five
sec. omitting a contact once every minute. Any other
time interval within reasonable limits could likewise
be provided by suitable means.

The chronograph used in these tests was a rather
crude device in which the paper used for record was
wrapped about a cylinder and glued to make a continu-
ous cylinder of paper. The two pens were mounted
upon the armatures of two small solenoids, so arranged
that upon making circuit through the coils the pen is
moved a millimeter or two, parallel to the axis of the
cylinder, returning to its original position upon breaking
the circuit. The cylinder is mounted upon a coarse
screw thread and driven by a small synchronous motor,
and advances along its axis one in. (25.4 mm.) with each
revolution which it makes. In the tests to be described,
the paper was driven at a speed of about three in. (75
mm.) per min. Experience has shown, however, that
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a greater speed would be preferable in order to givegreater accuracy in determining the generator speed.Fig. 1 shows, a Timer, b Chronograph, and c Revolu-tion Counter. The chronograph shown is not the oneused in the tests herein described, but one built forfuture use. Fig. 2 is a reproduction of a typicalchronograph record of a retardation test.Interpretation of Chronograph Records. By drawingstraight lines across the record at suitable equal timeintervals, the number of revolutions occurring in each

FIG. 1-THE CHRONOGRAPH BY WHICH TESTS WERE MADEa.
b.
c.

Timer
Chronograph
Revolution counter

of such time intervals can be accurately measured,thereby determining the average speed of rotation dur-ing each such interval . Tabulating these and takingthe differences between successive readings, gives the
.987

32

87.5

TABLE I
PRturtoN, WINDAUIS AND IRON 14088 BY RETARDATION

Time
Minutes- - --

Av. rev.
per min.

(S)
Rev. per

min.

(I s/d I
Rev. per
min. per

min.

Kw.
(0.525 S
d s/d I) Remarks

0

17.6
1 111.00 13.2 769 These values of kw.104.4

are obtained by us -
2 08.40 12.0 620 Ing the value of92.1

W 112 as calculated3 87.35 10.1 463 from &sign, i. e.,82.3
(18,255,000 11).-tt.

4 77.85 8.9 363 (Retardation loss73.4
coefficient ... 0.525)5 60.35 8.1 20565.3

6 61.60 7.4 23957.9
7 54.70 6.4 184gl g

In the usual application of the retardation method,as set forth in the handbooks, its has been customary todetermine d s/d t, the slope of the retardation curve, atnormal speed only. This has resulted in a lack ofaccuracy and is undoubtedly in part responsible for thelack of confidence in the method. By the method ofdetermination here set forth, this inaccuracy is elimi-nated by the device of using the entire curve to eliminatethe errors in individual points, which is particularlyapplicable in this case since the curve as a:whole cannotdepart far from the truth.

it2Li/77043

111. 11111
PriNtireS

iSt

MO

FIG. 2-CHRONOGRAPHIC RECORD OF RETARDATION
ON 65,000-Kv-A.

average rate of retardation occurring between suchsuccessive speeds. If the time intervals are takensufficiently short the average speeds for each intervalcan, with sufficient accuracy, be taken as occurring atthe middle of the intervals, and the corresponding
d s

values of
d-as simultaneous with the times dividingt

the intervals. Also the speed at the division pointscan with sufficient accuracy be taken as the averageof the preceding and succeeding intervals. In illus-tration, the following tabulation, Table I, is fromthe chronograph record of a test for friction, windageand iron loss, on a 65,000-kv-a. generator.The curve shown in Fig. 3 is a plot of these lossesagainst speed, from which the desired value at normalspeed can be read. These results are quite consistent,and no great error can be made by this method, sinceerrors in one direction in one or more readings must becompensated by errors in the other direction in succeed-ing ones. Hence, the individual errors can confidentlybe eliminated by plotting the results graphically.

493

316 4
TEST FOR FRICTION, WINDAGE AND LOAD LOSSESGENERATOR
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FIG. 3-FRICTION, WINDAGE AND IRON LOSSES OF 65,000-KV-A. UNIT WITH EXCITATION
CORRESPONDING TO 11,100VOLTS AT 107.14 REV. PER MIN.
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This same test will illustrate the method, mentioned

above, of determining by test the value of W R2. The

same machine showed friction, windage and iron losses

as measured by input, at normal speed of 107.14 rev.

per min., and at the same voltage as obtained at normal

speed during the retardation test of 695 kw., see Fig. 4.

The value of d s/d t at the same speed, from the retarda-
tion test is 12.99 rev. per min. per min. Therefore,

from equation 4:
695 x 36000 x 33000 x 1.34 x 32.2

W R2 - 4 x 9.87 x 107.14 x 12.99

= 64,700,000
W R2 as calculated from design 68,255,000

Difference 3,555,000

or about 5 per cent. Much closer agreement than this
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0

is usually found, in many cases the test value checking
exactly with the calculated, see Fig. 6. However,
in a machine of this size, even an error of this magni-
tude could only affect the efficiency determination by
less than one -tenth of one per cent.

General Methods of Test. Before starting a series of
retardation tests, it is necessary that the unit be prop-
erly prepared. It is desirable that the generator be
separated from the turbine, if possible. In horizontal -
shaft units and in vertical -shaft units where the genera-
tor has a lower guide bearing, the coupling can usually
be separated and the generator operated without the
turbine. In vertical units where the generator has no
lower guide bearing, or where, for some other reason,
the coupling cannot be separated, it becomes necessary
to permit the turbine to rotate with the generator.
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FIG. 5-DIAGRAM OF CONNECTIONS FOR RETARDATION TESTS
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This introduces losses which cannot be charged to the
generator and considerable judgment and ingenuity
is then required to apportion the observed losses be-
tween generator and turbine.

When it is necessary to include the turbine rotor with
the generator, precaution should be taken to guard
against injury to the turbine by overheating bearings
or glands or runner rim by possible rubbing at the

Short anvil

,--Low Ratio Current
Transformers

Cmcv t
Breaker

Driving
&mermen-

Woo 4,000 6900 8000 moo woo 14,000

Generator Armaiure Volts
FIG. 6-FRICTION, WINDAGE AND IRON LOSSES OF THREE

32,500-Kv-A. UNITS-NORMAL SPEED 150 REV. PER MIN.

latter point, due to too close clearance. A small
amount of water can usually be supplied to such points
to keep them cool. In such a case, however, it is
essential that conditions of water flow, etc., be kept
constant during the tests in order to eliminate any
variable factors from this source.

The simplest and most practical method of bringing
the generator up to speed is to drive it as a motor from
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another generator of the same voltage. The drivinggenerator can be of considerably, smaller capacity thanthe one to be driven, no difficulty whatever havingbeen experienced with a ratio of ratings of one to four.The driving and driven machines are synchronizedfrom rest in a manner now well understood. Fig. 5shows the connections as usually employed for all tests.In the leads from the driving machine there shouldbe an oil circuit breaker, and current transformers.For the latter, a primary ampere capacity of about 6per cent of the rated current of the driven machine,with 5-ampere secondary, has been found satisfactory.Such a size is large enough to carry the current requiredto accelerate the driven machine (if not accelerated toorapidly), and is small enough to give good readings onstandard 2.5- to 5-ampere ammeters and wattmeterswhen measuring the input to the driven machine. Inany specific case the required size should be calculatedfrom the estimated friction, windage and iron losses.Suitable means should also be provided for measuringvoltage and power input. It is assumed that propercalibrations of all instruments and instrument trans-formers will be taken care of in the standard manner.It is preferable that the machine under test beseparately excited in order to eliminate complications.However, if a direct-connected exciter is used, allow-ance must, of course, be made for' the output andlosses thereof.
Procedure. It has been found most convenient tomake tests in the following order:1. Friction, windage and iron loss by input2. Friction, windage and iron loss (or W R2) byretardation

3. Friction and. windage by retardation4. Friction and windage and load loss byretardation1. Friction, Windage and Iron Loss by Input.Close fields of both machines and circuit breaker A(leaving B open,) Fig. 5, and synchronize from rest.Bring machines up to normal speed gradually so as notto dangerously overload current transformers. Raisevoltage to 10 or 15 per cent above normal for firstreading. Take readings of voltage, current, powerinput, field current and speed at successive voltagesdown as low as field controls will permit. Usuallyreadings can be carried down to about half voltage.Take at least 10 readings at each point at 15 sec. inter-vals. Before each series of readings see that fieldcurrent of driving machine is adjusted so that arma-ture current is a minimum, with driven machine fieldadjusted for desired voltage.
2. Friction, Windage and Iron Loss by Retardation.At completion of input test, as above, raise speed toabout 15 to 20 per cent above normal, adjustfield current for normal open circuit voltage at normalspeed, as per saturation curve, and open circuit.breakerA, Fig. 5. As speed decreases record revolutions andtime by means of chronograph as described above.Read volts, field current and speed by tachometer,

(for check only, if a reliable one is available) at timeintervals synchronized with chronograph. Field cur-rent should remain constant throughout test. Recordsshould continue until speed has decreased at least tohalf normal value.
This test can be repeated for as many values of fieldcurrent or generator voltage as desired. However, asingle test at rated voltage will usually be sufficient tocheck the input test and the value of W R2. Should agood check not be obtained, however, it is desirable torepeat and correct the value of W R2 if the value calcu-lated from design appears to be persistently in error.3. Friction and Windage by Retardation.Synchronize from rest and bring to 15 or 20 per centabove normal speed. Open oil circuit breaker betweenmachines and immediately open field switch of testmachine. As speed decreases, record revolutions andtime on chronograph and read speed on tachometer(if available) at times synchronizing with chronographrecord. Record should be continued to well belowhalf speed in order to obtain as much of this curve aspossible for a purpose to be explained later. A singletest should be sufficient to determine friction andwindage.

4. Friction, Windage and Load Losses by Retardation.With circuit-breaker B open, close circuit breakerA and synchronize from rest as usual. Raise speed toabove normal as before. Quickly open circuit-breakerA, open field switch, close circuit-breaker B, close fieldswitch and quickly adjust field current to give desiredarmature current as per closed circuit saturation curve.These operations can and should be completed beforespeed has come down to 10 per cent above normal, inorder that steady conditions may exist while speed ispassing through normal value. Record revolutionsand time by chronograph, and make synchronizedreadings of speed and of field and armature currents.This test should be repeated at various armature cur-rents in order to obtain data for a curve of stray-loadloss versus armature current.
Separation and Determination of Friction and Windage.The nature of the friction and windage losses and theconsequent laws governing the form of the friction andwindage retardation curve furnish a means of separatingthe "apparent friction" from the "apparent windage"losses.

With a constant coefficient of friction, the frictionloss should vary directly as the first power of the speed.The windage loss, however, in accordance with thewell-known laws governing the movement of air, shouldvary directly as the third power of the speed. It wouldseem, therefore, that the curve of windage and frictionlosses against speed, should have the form:Total friction and windage loss =FS-EWS3 (6)Where F may be called the coefficient of friction lossand W the coefficient of windage loss, S being the speedin rev. per min.
Upon plotting such a curve from the record of a fric-
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tion and windage retardation test, it is found to con-
form exactly to this law.

TABLE II
FRICTION AND WINDAGE BY RETARDATION

Time
Minutes

0

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Av. rev.
per min.

(S)
Rev. per

min.

(d s,fd ()
Rev. per
min. per

min.
Loss
kw. Remarks

115.4
111.2.5 8.3 485

107.1
103.20 7.8 423

99.3*
96.25 6.1 309 W R2 (from design)

93.2 68.255.000 lb.-ft.2

90.20 6.0 285 (Retardation loss

87.2 coefficient = 0.525)

85.50 5.4 240
81.8

79.30 5.0 209

76.8
74.65 4.3 169

72.5
70.55 3 . 9 145

68.6
66.75 3.7 130

64.9
6.3.05 3.7 123

61.2
59.95 2.5 78.7

58.7
57.00 2.8 84.0

55.6
54.45 2.3 66.0

53.3
52.15 2.3 63

51.0
49.85 2.3 60.2

48.7
47.60 2.2 55

46.5
45.60 1.8 42.2

44.7
43.75 1.9 43 6

42.8
42 05 1.5 33 1

41 3
40.35 1.9 40.1

39.4

Table II is the data from the graphic record of such
a test, and Fig. 7 shows the values plotted from
Table II.

The coefficients are readily found by substituting in
equation (6) the values of total loss and speed for two
points of the curve and solving simultaneously. For
example, taking the values at 100 and 60 rev. per min.
from a trial curve drawn for the test points of Fig. 7
and substituting in equation (6) we have the simul-
taneous equations:

372 = 100 F 1,000,000 W

94 = 60 F + 216,000 W

Solving for F and W we have:

= 0.355

W = 0.0003365

Recalculating for successive values of S, we have:

TABLE III
FRICTION AND WINiDAGE LOSSES BY CALCULATION

EQUATION (8)

(S)
Rev. Per Min.

Friction Loss
in Kw.

Windage Loss
in Kw.

Total Loss
in Kw.

40 14.2 21.6 35.8

50 17.7 42.0 59.7

60 21.3 72.7 94.0

70 24.9 115.5 140.4

80 28.4 172.0 200.4

90 31.9 245.0 276.9

100 35.5 336.5 372.0
110 39.1 347.0 486.1

120 42.6 581.0 623.6

Plotting these values we find the resulting curve,
Fig. 7, to correspond with the test values with practical
exactness at all speeds. This curve is quite sensitive
to small changes in the values of the coefficients of
friction and windage losses, and several trials are some-
times necessary before the correct coefficients are found
to make the curve fit the test points at all parts of the
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curve. When this has been done, however, one can be
quite confident that the resulting values of total losses
are correct, whatever the separate values of "apparent
friction" and "apparent windage" may represent,
see Fig. 8.

It is indeed probable that even in the case of a test
upon a generator alone, separated from its turbine, the
"apparent friction" loss may include some of the wind-
age and the "apparent windage" some of the bearing
friction, since it seems probable that a small part of the
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JOHNSON: RETARDATION METHOD OF LOSS DETERMINATION Journal A. I. E. E.bearing losses are of such a nature as to vary with thethird power of the speed. However, while there maybe some doubt as to the exact composition of the twokinds of losses differentiated in this manner, theirseparation is nevertheless well worth while for thepurpose (if for no other) of detecting the presence ofany possible abnormal friction loss, such as a tightbearing or gland, or a rubbing turbine seal, which wouldsurely show up in an abnormally large first power loss.
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GENERATOR

However, the author believes, from experience intesting several different types and makes of generatorsby the above methods, that the separate "apparentfriction" and "apparent windage" found by this methodare very close to the actual friction and windage losses,when not complicated by other factors such as "diskfriction" or "pumpage" losses in the turbine, due to thepresence of water for cooling purposes.
Division of Friction and Windage Between. Generatorand Turbine. In those cases where tests are made withthe turbine connected, the friction losses as above

determined, will include turbine friction in bearings,glands and seals, and the "apparent windage" loss willinclude windage in the turbine and probably anotherloss due to the presence of a small amount of water inthe turbine, which may be classed as "disk friction" or"pumpage." These losses can, at present, only be
approximated, but by separating the first and thirdpower losses by the method described above, theseapproximations can be handled with much more confi-dence than when the mechanical losses are all lumpedtogether.

In an isolated case of a single unit, the division of themechanical losses between generator and turbine isquite difficult, if not impossible. In a case, however,where several units of similar but different character-istics are being tested, it is often possible, by carefulobservations and comparisons, to make approximationswhich give results approaching the truth closelyenough for practical purposes.
As an illustration of what may be done along thisline, the steps taken in allocating the mechanical lossesin three units of 32,500-kv-a. capacity, comprising threedifferent combinations of turbines and generators willbe described. If we designate the two turbine manu-facturers by the letters A and B, and the three generatormanufacturers by X, Y and Z, then we can designate thethree units as A X, B Y and B Z.

The friction and windage losses of these threemachines, all of the same capacity rating, and the stepsby which they were allocated, are shown in the follow-ing tabulation:

TABLE IV
ANALYSIS OF FRICTION AND WINDAGE OF THREE 32.500 -KY -A. UNITS

Turbine
Turbine
Total

Unit
A X

Unit
BY

Unit
B Z

Total Friction, Windage S Pumpage 91.65 171.5 151.05Friction
H 18.75 28.0 28.25Windage and Pumpage

72.90 143.5 122.80Analysis of Friction
Weight of Generator Rotor and Shaft A 271.000 311.000 318.000Weight of Turbine Runner and Shaft B 73.500 73.500 73.500Weight on Thrust Bearing during Test C 344.500 384,500 391.500Hydraulic Thrust

100.000 100.000 100,000Weight on Thrust Bearing under Load.... D 444.500 484.500 491.500' D
15.0 kw 16. 35kw. 16.6 kw.

Thrust Friction under Load (
444500 X 15)E

C
11.62 12.95 13.25

Thrust Friction during Test ( -D X E) F

A

9.15 10.46 10.76
)enerator Share of F (-c XF) G

B '(-
2.47 2.49 2.49

turbine Share of F X F )C

rota! Friction from retardation test H 18.75 28.0 28.25Total Thrust Bearing Friction during test_ .F 11.62 12.95 13.25Other Friction, guide bearings, etc.. (H -F) I 7.13 15.05 15.00Generator Share of I J 2.0 2.0 2.0Purbine Share of /
5.13 13.05 13.0rota] Generator Friction (G + J) 11 . 15 12 . 46 12 . 76Analysis of Windage & Pumpage

Total Windage and Pumpage (Ret. Test) 72.9 143.5 122.8Generator Windage (Est.) 50.0 93.5 72.5Windage (Est.) 10.0 10.0 10.0Pumpage (Est.) 12.9 40.0 40.0Generator Friction & Windage 61.15 105.96 85.56

That portion of the loss which is proportional to thethird power of the speed was at first thought to be en-tirely windage, but upon further investigation it wasfound that there might be a loss in the turbine of thenature generally called disk friction which also varies asthe third power of the speed, and, owing to the differentconstruction of the two types of tubine, it is reasonableto expect that under test conditions these losses mightdiffer very markedly between the two types. This
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presumption is further corroborated by the very great

discrepancy between the measured so-called windage

losses of A X and B Y and B Z, these losses in the case

of B Y being just about double the corresponding losses

of A .X, see Fig. 6. It hardly seems reasonable to

charge this discrepancy entirely to true windage.

The same sort of reasoning applies also to the friction

losses. The thrust and guide bearings of the three units

do not differ materially, but there is a considerable

difference in the nature and area of the turbine seals

between the A and B designs, and it would, therefore,

seem 'reasonable to expect that that portion of the fric-

tion loss which takes place in the seals would be some-

what in proportion to the areas of the contiguous

surfaces.
Analysis of Friction Loss. At the time when Unit A X

was placed in service, the bearing manufacturer's
engineers made a determination of the loss in the thrust

bearing of this unit and stated that this loss was ap-

parently about 20 h. p., or 15 kw. This value has been

used as a basis for the analysis of the friction loss, it

being assumed that the loss in these thrust bearings

will vary in direct proportion to the weight that they

carry. This loss has also been further divided between

the generator and turbine in proportion to their weights.

Upon subtracting the value thus determined for the

thrust bearing on Unit A X from the total friction losses

as determined by test, there remains but slightly over

seven kw. to be divided between the generator and
turbine -guide bearings and turbine seals. In considera-

tion of the smallness of this loss, the nature of the parts

which create it, and the relation which might be
expected to exist between the generator guide and

thrust -bearing losses, it was concluded that two kw.
would be a reasonable portion of this loss to assign to

the generator -guide bearings, the remainder being

charged to the turbine.
In the case of the other two units, the total measured

friction losses were considerably greater and the thrust -
bearing friction was also somewhat greater, due to the
increased weights of these machines over that of Unit
A X. There appeared, however, no reason why the
guide -bearing loss should be any greater than on Unit
A X, and the assumption checks with the observed fact
that the guide -bearing oil temperatures of the three
units do not materially differ from each other.

There is then left chargeable to turbine friction
approximately 13 kw. in Units B Y and B Z, or about
two and one-half times the corresponding loss in Unit
A X, which ratio would appear reasonable from a
consideration of the two turbine designs. This results
in the friction losses of the three generators differing'
by only such amounts as are accounted for by their
different weights.

Analysis of "Windage" Loss. In the case of the so-
called windage losses-all those losses varying as the
third power of the speed-the total of such losses in the
case of Unit A X was but 72.9 kw. As stated above

there is too great a discrepancy between this value

and those of similar losses determined for the other two

units to be all charged to generator windage, and it is

accordingly necessary to find some other difference

between the two turbine designs to account for a part

of this discrepancy. The value of this loss is about

20 kw. greater for Unit B Y than for Unit B Z. This

difference is believed to be reasonably accounted for by

the fact that in Unit B Y a large volume of air was

allowed to discharge around the end windings of the

armature, no attempt having been made to limit
the discharge at these points. to merely that necessary

to maintain the temperature within safe limits, whereas,

in the case of Unit B Z the corresponding openings have

been partially blocked for this purpose. The additional

air moved in the case of Unit B Y might account for the

20 -kw. difference.
There then remains a difference of approximately

50 kw. between these losses on Units A X and B Z.

Part of this difference is undoubtedly in the generator

and a part in the turbine. The designer of the Genera-

tor X was particularly careful to decrease to the greatest

possible extent the windage loss by careful fan design

and by the addition of sheet -metal shrouds on the

generator -rotor spider and fan for the purpose of direct-

ing the air currents, while apparently such provisions

are not carried out to the same extent in the case of

Generator Z.
As to the turbines, an inspection of the respective

runner designs indicates that in the case of Turbine B

the lubricating water from the lignum-vitae bearing

is much more apt to get away through the upper seals

of the turbine than is the case of Turbine A, and this

might readily account for a considerable part of the

observed difference in losses.
A formula was given in the water -wheel test code for

determining the turbine windage, but in this case this

formula gave a value of approximately 50 kw., which,

in the case of Unit A X is obviously far too high, as it

would leave but about 23 kw. for generator windage.

There is, however, undoubtedly some windage loss in

the turbines under test conditions, and this was ap-
proximated by reference to fan data. It was found

that the shut-off power of a fan was in the neighborhood

of 20 per cent of the full -load power, and it was assumed

that the 50 kw. resulting from the above mentioned

formula would represent the full -load power of the tur-

bine runner as a fan, which appeared reasonable from

a consideration of its dimensions and in comparison

with fan data. It was then assumed that the shut-off

power or windage with turbine gates closed would be 20

per cent of this, or 10 kw. This was assumed to be

the same for all three turbines. There was then left,
in the case of Unit A X, 62.9 kw. to be divided between

generator windage and turbine disk friction. Of this

50 kw. was arbitrarily charged to generator windage,
as this seemed a reasonable value, and left an amount

of 12.9 kw. chargeable to turbine disk friction. In the
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JOHNSON: RIWARDATION mETHoo OF Loss DP:TERM !NATION Jourmil A. I. H. K.case of Units B Y and B Z, it was thought that the diskfriction might be approximately three times that ofUnit A X, and was accordingly put at 40 kw., leavingfor generator windage 93.5 kw. in the case of UnitB Y, and 72.8 kw. for Unit B Z, as compared with the50 kw. assumed on Unit A X. The value of 50 kw.(40 -I- 10) far turbine windage and disk friction happensto be the same as would have been assigned to turbinewindage had the test code formula been used, hence,should not be open to serious criticism.The final values of generator friction and windagethen become for Unit A X, 61.15 kw.; Unit B Y, 105.96kw.; and Unit B Z, 85.56 kw. We have two checks onthese figures; first, the designer of Generator Z statedthat he estimated the friction and windage of hisgenerator at 80 kw., and second, the designer of Genera-tor Y, that of his at about 109 kw. We have a furthercheck on the accuracy of the resulting values of genera-tor efficiency in that the efficiencies of the turbines ofUnits B Y and B Z, based on the values of generatorefficiency thus arrived at, checked each other exactly.

SEPARATION AND DETERMINATION OF ELECTRICAL
LOSSES

Iron Loss. Obviously the iron loss is determined bysubtracting the friction and windage from the iron -loss
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friction and windage as determined either by the inputor by the retardation test. Fig. 4 shows iron loss,friction and windage data for the 65,000-kv-a. unit, andFig. 6 for the three 32,500-kv-a. units. The values ofthe friction and windage losses, ofcourse, determine the

termini of these curves on the zero voltage axis, therebygiving the necessary data for the completion of the lowerpart of the curves. Fig. 9 shows iron losses alone for thethree 32,500-kv-a. generators and Fig. 10 for the65,000-kv-a. generator.
Stray -Load Losses. Similarly the stray -load loss is
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determined by subtracting the friction and windage andarmature 12 R loss from the appropriate test values.This has been done for the 65,000-kv-a. generator, thevarious steps by which the stray -load loss has beendetermined are indicated in Fig. 11.
Following the same general principles used in deter-mining the friction and windage, and the iron loss, thetest points are first determined and plotted for thedelineation of a curve of loss against speed as obtainedby the retardation test. In Fig. 11 these test pointsfor armature currents of 1554 amperes, 2145 amperes,and 3156 amperes are shown respectively at a, b and c.These points do not look very encouraging as almostany kind of a curve can, seemingly, be drawn throughthem. However, in delineating these curves, we areentitled to use all the information which we have,so, before drawing in the curves, it may be indicatedon the sheet just what is known about the losses whichare to be deducted. We, therefore, draw in the frictionand windage loss curve, as per Fig. 7.

As to the /2 R loss, it is known both from theory andobservation, that the short-circuit current remainspractically constant at all speeds, hence, the 12 R loss isconstant throughout the test. It is possible, therefore,to add a constant 12 R loss to the friction and windage-loss curve, obtaining the corresponding curves shownin Fig. 11.
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The difference between this curve and the total -loss

curve is the "stray -load" loss, and there should be some

consistent relationship between the stray -load loss and

speed. Three assumptions are possible:

1. Stray -load loss decreases as speed increases.

2. Stray -load loss constant as speed increases.

3. Stray -load loss increases as speed increases.

If the stray -load loss is caused mostly by eddy cur-

rents in the copper, as seems most likely, it would ap-

pear that it should increase with frequency, and the

test points indicate in general that it does so. If so,

three assumptions are again possible as to a possible

1000

800

600
a

400

0200

F

200
5

0
600

st 400

a2 11

0
o

0

0 Drn47 from 5t Load loss gil

a)ARNATURE CURRENT -I

3156 AMPERES

$0.1

600,_(b) ARMATURE CURRENT/-
2145 AMPERES

400 13

(0) ARMATURE CURRENT -
1554 AMPERES

200

300-
(d)STRAY LOAD LOSSES 3156A140

'2

.5 100-

] 00 20 40 60 80 100

Speed in Rev per Min

FIG. 11-RETARDATION TEST FOR STRAY LOAD LOSSES

65,000-Kv-A. GENERATOR

Curve No. 1-Friction and windage losses
No. 2-Curve No. 1 plus /2 R losses
No. 3-Curve No. 2 plus stray load losses

AMPERES
AMPf ES

2

120

OF

exponent of the power of the speed by which it varies,
that is, if it is assumed that:

Stray -load loss = C Sn

where C is a constant,
n may be -

1. less than unity
2. equal to unity
3. greater than unity
In order to determine which of these assumptions

most nearly agrees with the test data, trial curves were
drawn and the speed -time curve reconstructed from

(7)

points taken from the trial curves. The reconstructed

curve based .upon the assumption of n = 1 shows the

better agreement, and this assumption was consequently

used in drawing the final curve through the test points.

The differences, however, between the results of the
three assumptions are very slight, and none of them are

probably scientifically true.
In drawing the curves, a point was selected on each

of the trial curves through which it appeared the Curve

would have to pass whatever its form. From these
values, the corresponding friction, windage and iron

losses were deducted, the residual values being plotted

on a rectangular scale and straight lines drawn through
these points and the origin. These three lines, shown
at d Fig. 11 are then the most probable curves of stray -

load losses for different speeds at the three vatues of

armature current. These three curves were then added

to the friction, windage and 12 R loss curves to produce

the total -loss curves as shown. It was found that the

stray -load loss at any given speed varied almost exactly

as the square of the current, the chance agreement of

the trial points in this respect being so close that the
final curves were intentionally so drawn.

These results would seem to indicate the following

conclusions:
1. The short-circuit stray -load losses are due (at

least mostly) to an increase in the effective resistance of

the armature conductors, due, no doubt, to a displace-

ment of the current in the conductors-usually called

"eddy currents."
2. This increase in effective resistance varies with

the speed or frequency, and appears to be substantially
proportional to the first power thereof.

3. The increase in effective resistance is apparently
independent of the armature current.

From these results, it would appear that, practically,

the effective resistance of the armature would be
expressed by the formula:

Rf = R (1 K (8).

where
Rf is resistance at frequency f
R is resistance for direct current

and
K is a constant.
While these conclusions seem to be indicated, it is, fo

course, not safe to generalize from a single test, and
further and more accurate determinations will be re-

quired to establish these relations definitely, if indeed,
they actually exist at all.

However, in this case, it is apparently true that, for

all practical purposes, the determination of the short-

circuit stray -load loss for any current and any speed may

be made from a single accurate test at one current and

one speed. If formula (8), or one similar to it, should

prove to be generally true, it would appear that some
independent method of predetermining the coefficient
(K) would be extremely useful.
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CONCLUSIONS

1. The retardation method' for determining certainof the losses in large generators is a useful, accurate,consistent and easily applied method, and deservesmore extensive use and fuller official recognition.2. The retardation method of measuring frictionand windage losses contains within itself the means ofseparating these losses from each other. This is a veryuseful property when it is necessary to allocate suchlosses between the generator and its turbine. It isalso useful for detecting abnormal friction or windage.

3. The determination of a loss at different speeds,which is a natural application of the retardation method,furnishes a means not only of more accurately deter-mining such loss at normal speed, but also furnishes ameans of throwing new light upon the nature of certainof the losses.
4. Development of apparatus and refinement ofmethods of carrying out retardation tests are desirable.An instrument to measure the rate of retardation

directly, should be a possibility not difficult torealize.

Three Methods of Measuring Dielectric PowerLoss and Power Factor
BY E. D. DOYLEY and E. H. SALTERMember, A. I. E. E.

Associate, A. I. E. E.
Synopsis.-The paper presents a brief description of themethods of measuring dielectric power loss and power factor incommercial use at the Electrical Testing Laboratories.The several methods are handled individually and their ad-vantages and disadvantages listed.

Appendixes are included on the use of the shunted electro-dynamometer as an ammeter, determination of compensation,effect of incorrect compensation in the wattmeter shunt, effect ofslightly unbalanced voltages on three-phase measurements, a three-phase wattmeter switch and shielding, grounding, etc.

INTRODUCTION
THE very fact that a symposium on methods ofmeasuring dielectric power loss and power factorhas been arranged is an indication that suchmeasurements offer considerable difficulties, partic-ularly when applied to present-day dielectrics. Thepurpose of this paper is to describe and discuss themethods now employed at the Electrical TestingLaboratories for such measurements.

Originality is not claimed for the methods described,but they have been improved and adapted as need forthem has arisen. Experience has shown each to besatisfactory for the class of work for- which it has beendeveloped.

GENERAL
The three general methods to be described and themeasurements for which they are adapted are asfollows:
1. 'Compensated Wattmeter Method

a. For single-phase measurements on cables
b. For three-phase measurements on cables

2. Phase -Defect Compensation Method
a. For high -voltage single-phase measure-

ments on cables
b. For single-phase measurements on low -

voltage condensers of high capacitance3. Transformer Bridge
a. For single-phase measurements on very

1. Both of Electrical Testing Laboratories, New York City.Presented at the Regional Meeting of District No. 1 of theA. I. E. E., Niagara Falls, N. Y., May 26-28, 1926.

low capacitances (short pieces of cable,
oils, compounds, sheet materials, etc.)la. The Compensated Wattmeter for Single -PhaseMeasurements.

This method consists in a direct measurement of thedielectric power loss in watts when an alternatingpotential is applied to the cable under test. As thereis always a certain amount of "leakage" power in thetest circuits and instruments, a measurement is first

WATT4Crit

no. 'I

made of this "leakage" before the cable is connected fortest. This "leakage" loss is then subtracted from thetotal loss with the cable or other dielectric in circuit inorder to obtain the "net" or actual loss in the materialunder test.
This direct measurement is made using a shuntedreflecting electrodynamometer wattmeter in connectionwith a potential transformer. The phase angle of thepotential transformer and the self inductance of the
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potential coil of the wattmeter are compensated

for by the use of a shunted condenser of the proper value

in the potential circuit of the wattmeter. The self

inductance of the current element of the wattmeter

is compensated for by the use of a shunted condenser

in the wattmeter shunt. A diagram of the complete

circuit used is shown in Fig. 1.
The equipment used in making such measurements is

as follows:
1 Insulating transformer
1 Testing transformer
1 Voltage transformer
1 Reflecting electrodynamometer wattmeter
1 Compensated wattmeter shunt
1 Voltage -circuit resistance with compensation

1 Calibrating load
1 Lamp and scale
1 High -resistance voltmeter
1 Frequency meter
1 "Reactive" insulating transformer
When using this method the wattmeter is calibrated

on low voltage against a resistance load. In this

g 3 St
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operation the voltage circuit resistance is adjusted to
give some even scale constant such as 0.001 watt loss
in the high -voltage circuit per millimeter scaledeflection.

After the calibration is completed the resistance in
the compensation circuit is set for its correct value for
the first test voltage. Since the burden on the potential
transformer is practically constant from day to day,
regardless of the sample under test, the value of com-
pensating resistance necessary for various test voltages
can be determined in advance by the methods de-
scribed in Appendix II.

For speed in testing it is the usual practise to take a
complete set of "leakage" readings covering the full
range of test points and follow this immediately by
"cable on" readings made at the same test voltages.
These readings are referred to as "active" readings as
distinguished from the "reactive" readings referred to
below.

In order to determine power-factor it is then necessary

to measure either the current, Appendix I, or the
apparent power, reactive volt-amperes. It is the

practise at these Laboratories to determine the reactive

volt-amperes in this case rather than the current.

With a three-phase, Y-connected supply and the test
set operated on one phase, a transformer with a ratio of

V-3 to one connected across the remaining two phases

furnishes a potential supply which makes it possible to

read the reactive volt-amperes directly. In this case,

as well as in the power readings, "leakage" readings
and "cable on" readings are made for all test points.

These readings are referred to as "reactive" readings.

A typical .set of data is as follows:

Voltmeter indication
True voltage-kv
Compensating resistance

"Leakage" Measurements

20
10

249

Active Reactive

Dynamometer indication -33 -67
Shunt 1 1

Total deflection -33 -67
"Cable On" Measurements

Dynamometer indication 112 168

Shunt 1 50

Total deflection 112 8400

Leakage deflection ... -33 -67
Net deflection 145 8467

Net volt-amperes 0.145 8.467

Cotangent 0.0171

Power factor, per cent 1.71

The time required for an operator to take complete
data on a test requiring six test voltages is about one-
half hour. During this time he can make all com-
putations as indicated in the sample data, these
computations being made while waiting for the watt-
meter to assume a steady deflection.

The sensitivity of this equipment is, of course, fixed

in the calibration and remains constant throughout the

test range.
The accuracy depends chiefly on the accuracy of

compensation. With the present methods of deter-
mining compensation it is believed that an accuracy of

± 0.05 per cent in power factor 'should be obtained.

This type of equipment is sensitive to external con-
ditions. The loss read by the wattmeter varies as the
square of the applied voltage, so that small voltage
variations multiply in their effect on the loss reading.
The reactive volt-amperes vary directly as the fre-
quency and as the voltage, hence these conditions must
be constant and correct.

Dielectric power loss and power-factor measurements
should be made using sine -wave potential. With this
method, however, the power-loss is measured for the
wave used, whatever its form may be.
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1. Rapid operation-five minutes per test point includingtime for computations
2. Simple operation
3. Not affected by wave form of supply4. High sensitivity

Disadvantages:
1. Accuracy of method depends on accuracy of compensation2. Particularly susceptible to variations in supply voltage

1b. The Compensated Wattmeter for Three -PhaseMeasurements.
This method consists in a direct measurement of thedielectric loss in watts when a three-phase alternatingvoltage is applied to the sample of cable underinvestigation.
The method is essentially the three-wattmeter methodfor the determination of power in a three-phase, four-wire circuit. This method has been simplified by theuse of one wattmeter in connection with a speciallydesigned switch for connecting the wattmeter in eachof the three circuits as desired. A complete diagram ofthis circuit is shown in Fig. 2.
The operation of this equipment is essentially thesame as that described in Method la. Since it is verydifficult to obtain balanced three-phase voltages, ithas been found that best results are secured by holdingthe. voltage constant on one phase, rather than tryingto adjust to the correct voltage on each phase. Thereasoning back of this is to maintain the conditionsconstant for each test point. When working on anunbalanced system this would not be true if the voltage

were adjusted on each phase when thewattmeter is read.The equipment used in making these tests is the sameas that described in Method 1 a, except that threeinsulating, three testing and three potential trans-formers are required together with the special wattmeterswitch, Appendix V.
A typical set of data from one of these tests is asfollows:

Voltmeter indication
True line-kv
Compensating resistance

"Leakage" Measurements

29
10

279
Active Reactive

Dynamometer Indication Ph. I -24 96
" II 0 141a
" III. -52 120lt

Sum. -76 357Shunt 1. 1Total deflection -76 357
"Cable On" Measurements

Dynamometer Indication Ph. I -36 87
" II 107 81(I
" III. -42 79a " Sum 29 247Shunt 10 200Total deflection 290 49400Leakage deflection -76 +357Net deflection 366 49043Net volt-amperes 0.366 49.043Cotangent 0.0075

Power factor, per cent 0.75

The advantages and disadvantages of this methodare essentially the same as those described in Methodla.
2a. Phase -defect Compensation Method for High -Voltage

Measurements.
This method consists in a determination of the powerfactor or phase angle of the sample under test by adirect comparison of its apparent phase defect anglewith that of a "no -loss" air condenser.
In this method a reflecting type electrodynamometerwattmeter, connected as for measuring watts loss, ismade to read zero by changing the phase of the currentin the potential circuit by inserting inductance of knownvalue. Such a balance is obtained, first, against a"no -loss" air condenser, and then against the sample.

FIG.  3

From the difference in shift necessary the power factoror phase angle of the sample is obtained.
Complete connections used in this test are shown inFig. 3.
The equipment used is as follows:
1 Testing transformer
1 Reflecting electrodynamometer wattmeter1 Dynamometer shunt
1 Voltage circuit resistor with compensation1 50- to 250-milhenry constant resistance tappedinductor
1 6- to 50-milhenry variable inductor
1 Lamp and scale
1 High -resistance voltmeter
1 Frequency meter
1 High -voltage variable air condenser, "no -loss"
In using this method the sample and the "no -loss"air condenser are kept connected to the transformer atall times in order to maintain the relative phase posi-tions. For convenience in computing, the potential

circuit resistance is kept constant at a value in ohmsequal to 6 r times the frequency in cycles per second.
In order to determine the dielectric power loss the

charging current is measured, using the electrodyna-mometer as an ammeter, Appendix I. Then from the
charging current, the power factor and the test voltage,the dielectric power loss is computed.
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A typical set of test data and computations is as

follows:
Voltmeter indication
Test kv.

Cable (Condenser Connected Directly to Ground)

Potential circuit resistance
Observed Inductance-Direct

a " -Reverse

20

10
1131
44.0
43.8

a a -Average 43.9

Ammeter shunt
5

Ammeter reading
452

True milliamperes
2.74

Condenser (Cable connected directly to ground)

Observed inductance-Direct
35.0

" -Reverse 35.6

-Average 35.3

Difference in inductance
8.6

Power factor of sample, per cent 0.29

Dielectric power loss, watts
0.079

To determine the constant of the ammeter the electro-

dynamometer is calibrated against a resistance load.

This connection is obtained with the selector switch

on "calibrate."
Fig. 4 is the vector diagram for this method where

E = Test voltage
I. = Current to air condenser

= Current to sample
E, = Voltage applied to potential circuit
/1 = Current in potential circuit when balanced

against air condenser
/2 = Current in potential circuit when balanced

against sample
= Apparent phase defect angle of air condenser

= Apparent phase defect angle of sample

The computation of the power factor is based on the

following theory. If L1 is the inductance setting for

FIG. 4

zero reading on the air condenser, the phase shift of the
current in the potential circuit in order to obtain the
balance is

co Li

tan 4)1 R
(1)

Likewise, if L2 is the inductance setting for balance
against the sample, the phase shift of the current in
the potential circuit is

CO L2
tan 02 - (2)

Since these are all small angles, the tangent is

numerically approximately equal to the sine of the angle.

Then, if 0 is the phase -defect angle of the sample
(difference between the actual angle and 90 deg.)

or

sin 0 = tan 4)2 - tan 01 = D (L2 - L1) (3)

100 w
Power factor = 100 sin 0 = R

(L2 - L1) (4)

But R has been made equal to 3 w
Therefore,

L2 - L1
Power factor - 30

(5)

when L2 and L1 are read in millihenries.
The computation of the power -factor is so simple

that it is readily made while waiting for the ammeter

to assume a steady deflection.
Computation of the charging current depends upon

the ammeter connection used. See Appendix I for
methods of using the electrodynamometer as an

ammeter.
The time to take a set of readings covering six -test

voltages is approximately one-half hour, during which

time the power -factor values are also computed. The

remainder of the computations may take as much as

an additional 20 min.

The sensitivity of this equipment, when used for

power -factor measurements, varies with the test voltage

and the charging current to the sample under test.

It is naturally more sensitive under higher currents and

voltages.
When making the power-factor balance, voltage

variations cause changing sensitivity, although at
balance voltage variations have no effect (assuming no
change in power factor with voltage). Likewise, fre-

quency variations affect the sensitivity on power-factor

measurements as well as change the apparent defect
angle. On current measurements any variable causing

a varying charging current (voltage or frequency)

causes a variable reading, which is particularly objec-

tionable since the deflection varies approximately as
the square of the current.

The accuracy of this method is dependent chiefly
upon the operator and upon the "no -loss" condenser.

A careful operator should be able to make measure-
ments to within ± 0.05 per cent power factor. The

losses as computed from the current and power -factor
should be well within ± 5 per cent accuracy.

In this equipment errors in wave form introduce an
error in the power factor since it is computed on the
basis of a sine wave. For harmonics which do not run
above five per cent in value this is negligible.
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Frequency and voltage change affect the results onlyin so far as they change the properties of the testsample.
Potential waves of other than sine characteristicsaffect both the test and balance circuits alike and causeerror only if neglected in the computations the bridge

FIG. 8

determines the capacitance and resistance componentsfor the wave applied.
Advantages:

1. Rapid operation
2. Simple operation
3. Very high sensitivity
4. Measurement range

Capacitance 1-1000 micro-microfarads
Power factor 0-100 per cent

5. Independent of frequency and voltage variations6. Accuracy high
Disadvantages:

1. Very sensitive to leakages

Appendix I
THE USE OF THE REFLECTING

ELECTRODYNAMOMETERAS A UNIVERSAL SHUNTED AMMETER
There are two methods of using the reflecting typeelectrodynamometer as a universal shunted ammeter.The first is that shown in Fig. 8. In this case only onecoil is shunted and, providing the dynamometer has auniform watt scale, the instrument follows the law,

AS= K2 12 or / - A S
(13)K

where
A = the deflection in millimeters
S = the multiplying factor of the shunt
K = the ammeter constant
I = the current

It is preferable under some circumstances to shunt

both coils as shown in Fig. 9. The instrument then
follows the law,

A S2 = K2 12 or I - s
K (14)

In this latter case, if the instrument can he calibratedto he direct reading on one shunt the product of thereading on this scale and the shunting value gives thecurrent on any shunt. In the first case it is necessaryto compute the constant over the range used and thenthe current which is a longer process.

Appendix II
DETERMINATION OF COMPENSATION

a. Using a "no -loss" Air Condenser.
To determine the correct wattmeter compensationfor a given voltage, set air -condenser plates as closetogether as safe operation permits and read the watt-meter deflection for a series of values of "compensationresistance." These results when plotted, with watt-meter reading as abscissas and the square of the"compensation resistance" as ordinates, will give astraight line. Similar sets of data are then taken for awider setting of the air condenser. These straight linesshould then all cross at a point, corresponding to thecorrect value of compensation, at which point thewattmeter reading should be a constant regardless ofthe condenser spacing.

While this method is described as for a "no -loss" aircondenser, it applies equally well for a "constant -loss"variable condenser. Leakages play no part, providingthey are constant for each voltage.
This procedure, while applying to single-phaseequipments in particular, is readily adapted to three-phase equipments. In this case, each phase is handledseparately as for single-phase determinations and thenthe average of the three values used as the correctthree-phase compensation.

b. Using a Built-up Three -Phase Load.
A second scheme, sometimes more convenient fordetermining three-phase compensation, is to take threesingle-phase loads of approximately the same capaci-tance and loss, say three pieces of single -conductorcable, on which determinations can first be madeby single-phase test methods. These loads can thenbe combined into a three-phase load and the "compensa-tion resistance" adjusted until the loss measured underthree-phase °potential equals the sum of the lossesmeasured at a corresponding single-phase potential.

Appendix III
EFFECT OF INCORRECT COMPENSATION IN WATTMETER

SHUNT
Incorrect compensation in the wattmeter shunt willintroduce no error if the phase defect compensationmethod is used. Any such phase error will affect bothbalances of the wattmeter alike and hence be eliminatedwhen the difference is taken.

In the straight wattmeter methods, however, incor-rect compensation in the wattmeter shunt will cause anerror unless the potential circuit compensation valuesare obtained as in Appendix II. Mathematicalanalysis and actual tests have shown that any error
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caused by incorrect compensation in the wattmeter

shunt appears as a constant angular error independent

of shunt position.

Appendix IV
EFFECT OF SLIGHTLY UNBALANCED VOLTAGES ON

THREE-PHASE MEASUREMENTS

When making three-phase measurements the natural

tendency is to adjust the voltage on each phase just

before taking a reading. This, however, means that

when the three-phase supply is slightly unbalanced the

three readings are taken for three different voltages on

the cable as a whole. It has been found a better

practise to hold the voltage on one -phase constant

during all the measurements on all phases and let the

others remain slightly high or low in voltage. In this

way, readings on the three phases correspond to a given

condition though they will not correspond to a balanced

condition.
Again, any unbalance in voltages means that there

may be slight phase shifts sufficient to make it im-
possible to analyze the individual wattmeter readings

and get any idea of conditions in the insulation of each

of the three conductors forming the load. In fact, it is

not unusual to get negative readings on one phase,

though the total is positive in value.

Appendix V
THE THREE-PHASE WATTMETER SWITCH

To determine the power loss and reactive volt-
amperes in a three-phase test circuit, using one watt-
meter, requires a large amount of switching. Fig. 10

shows the operations to be made. Points X, Y and Z
must all connect to G, either directly or through the

7MVUZASE

II
STE 0 ut. IX/v1.1

TwAPNOPMCR5
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PITACTN%

5

VEACriVE
reviSrORNICR

FIG. 10

WATT/VT[0r

current element of the wattmeter. With the current
element of the wattmeter inserted between X and G,
the potential element must connect to A and X, while
the potential element for reactive volt-ampere measure-
ments must connect to B and C. When the current
element of the wattmeter is moved to connect between
Y and G, the point X must again be connected to G
and all the potential connections changed accordingly.

All .of this switching with ordinary knife switches

makes a Very complicated and unwieldy arrangement.
Accordingly, there has been developed at these Labora-

tories a simple -switching element which accomplishes

in a single operation all of the necessary switching

when changing from one phase to another. A diagram-

matic view of this switch is shown in Fig. 11. The

circles represent circular studs mounted in and insulated

from the switch base. Connections are made to these

studs as shown, the letters and numbers corresponding
to those in Fig. 10. The upper or movable part of the

FIG. 11

switch rotates about the center and carries the spring
contacts H and K which bear on the fixed studs. This

switch in 60 deg. rotation provides correct connection
of the wattmeter in each of the three phases.

Appendix VI
SHIELDING, GROUNDING, ETC.

In connection with all measurements made at high
potential, shielding and guarding are important factors.
In the three methods described in this paper, shielding
is essential. All high -voltage parts; leads, etc., must be

well shielded. All low potential wiring is best when
done with metal -sheathed wire.

Shielding is most readily done when one side of the
testing transformer and the transformer tank can be
grounded. All the single-phase test equipments de-
scribed in this paper are.operated with one side of the
testing transformer grounded. The grounding of the
transformer and shielding protects the operator against
contact with high -voltage parts.

As an additional protection to the operator, these
testing equipments have been designed as "one-man
sets," that is, they are built for complete operation by a
single operator. All are equipped with safety switches
which make it necessary for the operator to be in his
place at the instrument table in order to put voltage on
any of the equipment.
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d=

'If h, the wind pressure, is zero, then q = p and k = 1Equation (8) is based on the fact that the square ofthe distance between the supports is equal to 4 12 + p2and to 4 k2 + q2.
Let

b -
2k

2 8= k (1 + - -3 15

w
2 8 16(bb3+ 178b5 -

35 b7 . . .

wk !--b +0 +T 3 45

- k.( w k )2 ( b2 0 . . .

k
wk \3(16
T k 45 9

)

)

(9)

. . ) ft. (10)

The deflection, d + q, is found from equation(1)putting 1 = m.
The distance vertically downward from the upper

v (d + q)support to the lowest point of the cable is ft.

For finding the effect of changes of temperature andloading, it would be possible to assume different valuesof T and find values of m and d as shown above. How-ever, it will be a little shorter to assume values of Hthe horizontal tension and find m from the following:
H ( 1 3m
w

= k + - b --6- b3 + Tio- b6 -
17512 b7 )

8 i
3

+30` H ) ( L b -1Z-ib3 . . . ) ft. (11)

The deflection in this case is found fromrl wn 1 twn\3 1 (wnL H H -4- 720 \ H . ft.

(12)
where n = 2 k -m ft. (13)

After m, n and d are found, using either (10) or (11)for m, the unstressed length of cable is found by apply-ing equation (3) to each part of the span separately, asfollows:

2 d

q)'
14 d )4L.=m[1

m 45k m

278 td+q\b
4. 945 k m /

w m2

AE [ I d )4- 56 d :q

2
+n [ 1+ 3

9 m

( d + q )3
. .

d

n
)2 14
/ 45

278( 945

wn2 r 1 n 5 d 2
- A E L 2

)6 ]

ft.
(14)Curves for sag, temperature, loading and tension cannow be drawn, as described for the case of support asequal heights. If a value of H has been assumed, thetension at each support can be found by applyingequation (2) or (21) to each part of the span. Thetension at a support is somewhat greater than H, andis greater at the higher support.

If there is no horizontal part of the curve between thetwo supports, then m is greater than 2 k, and n is anegative quantity. See equation (13).Where a value of H is assumed, a table, not toocondensed, of hyperbolic sines can be used with equa-tion (18) to find m. However, this would not give adirect calculation for m in terms of T, such as is givenby equation (10). If the difference in elevation of thesupports is unusually great compared with the length ofthe span, the series may not converge rapidly enough,and a table of hyperbolic sines and cosines may berequired. In such a case, trial and error methods maybe necessary in order to obtain the desired results.An illustration of this type of calculation is given inExample V. Since it is a trial and error method, differ-ent values of H must be assumed until a satisfactoryvalue of T is obtained.
When the supports are at equal heights, values of Hmay be assumed and a table of hyperbolic sines andcosines used in a somewhat similar manner to ExampleV. This usually requires more work than to use the series. This is a trial and error method if one is work-ing to a specified value of T. It may be necessary todo this if the series do not converge rapidly enough, aswith an unusually large ratio of sag to span, but thisis not likely to occur with practical transmission-linespans having supports at equal heights. One shouldalso refer to the table by J. S. Martina.

DEFLECTION FROM LINE OF SUPPORTS
After the location of the lowest point 0, Figs. 1 and2, and, therefore, the complete equation of the catenary

4. ,Loc. Cit.

()3
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for one set of conditions, have been found, it is possible

to find by a direct calculation the vertical distance,

P Q, from the line of the supports A and C to a tangent

B D which is parallel to A C.
In Fig. 2, PQ =AB =CD, and the two latter

distances may be measured on the towers and the line

B D be used for sighting to determine the correct
amount of sag to give the cable when stringing it. For

2k

FIG. 1-SPAN WITH SUPPORTS AT UNEQUAL HEIGHTS

this purpose, assume that there is no wind or ice load,

and so the cable hangs vertically. The calculation
would be practically the same if wind load were included.

Let the equation of a line parallel to the line of the

FIG. 2-DEFLECTION OF CABLE FROM LINE OF SUPPORTS

supports be y=gx-Ef where g is known but where

f is unknown. For this line,
d y= g - -21 The

height of any point on the catenary above 0 is given by

H w xy --w ( cosh - 1 ). See Appendix I.

If the line B D
is the point (x1,

Then

d y x
= sinh H

d x

is tangent to the catenary at Q, which

Yi),

w xi
sinh = g

w xl
cosh H = 1 + g2

y1
H
w

( -V1 g2 - 1) (15)

H
x1 = w

sinh-1 g

H
(g1 1 X 3 .

2X3 g3 2X4 x5 g5w

1X3 X5
- 2 x4 x6 X7 g7 " (16)

Thus, numerical values of x1 and yl can be obtained.
p (n x1)

The height of P above 0 is d 2 1

therefore,

and

PQ =AB =CD =d+ P(n ±x1) - (17)
2 /

all parts of which are known.
Example I. Find the difference in temperature for

the following two sets of data for the same span:
2 1 = 800 ft.

w 1

w

= 0.131 28

A E = 0.000 000 757 2

For the higher temperature, without wind or ice load.
sag = 23. 176 0 ft.

w

A E = 0.000 000 297 6

Temperature coefficient 0.000 0096
By formula (6),

L.0 = 800 (1 + 0.002 872 4 + 0.000 051 9
+ 0.000 001 2 . . . )

- 800 (0.002 307 0 - 0.000 006 6
+ 0.000 000 04 . . .

= 800 X 1.000 625 2.
By formula (3),

L. = 800 (1 + 0.002 238 1- 0.000 003 5
+ 0.000 000 01 . . .

- 0.001 027 3 - 0.000 005 7 - 0.000 000 01

= 800 x 1.001 201 6
By formula (4),

0.000 576 4
t - - 60.1 deg. fahr.

0.000 009 6 x 1.000 625 2

This checks the result given in Mr. Martin's6 paper.
Example II. Find the deflection for the following

span6:
2 1 = 2000 ft.
Supports at equal heights.
T = 70,000 lb.
w = 4.700 lb. per ft.

w 1 4.700 x 1000
70 000

1 w

2 k
1 \

=
33.571

= 0.067143

By equation (1), d = 33.57 + 0.088 + 0.0005 = 33.66 ft.
This agrees with the value of 33.6 ft. given in

5. Problem IV of the article by J. S. Martin, Loc. Cit.

6. Problem 2, p. 11, Transmission Line Design by F. K.
Kirsten, 1923, Bulletin No. 17, University of Washington,
Seattle, Wash.
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Example III. Find the horizontal point for thefollowing catenary':
2 1 = 2700 ft.
Supports at unequal heights, p = 179 ft.T = 60 587 lb. at the higher support.h = 1.321 lb. per ft.
v = 2.870 lb. per ft.
w = 3.158 lb. per ft.

q
P w= = 197.0

2 k = 2698.75

b = 2 - 0.0730

By equation (10),
m = 1342.2 + 1395.6 - 4.6 - 0.02 - 0.01 = 2733.2 ft.n = 2698.7 - 2733.2 = - 34.5 ft.

The above paper gives m = 2608.8 ft. and n = + 91.2ft., but it neglects the fact that the cable lies in anoblique plane, and the dimension p = 179 ft. does notlie in that plane.
Example IV. Find the deflection for the followingspan8:

and that the deflection from the lower support is
9786.91 - 9615.44 = 171.47 ft.

The difference between these deflections is 146.86ft. which is less than the inequality in height of thesupports, namely 185.5 ft. The difference of the deflec-tions in the oblique plane should, however, be greaterthan 185.5 ft. In the appendix of the above paper,
the equation ko = k cos 0 should be ko = cos 0 '

k

and formula (3) should be k
cos 0 - 1) instead of

1

k (cos 0 - 1)

Ek = 185.5 ft. and cos 0 =
3.322
2.623

Example V. To illustrate the use of a table of hyper-bolic sines and cosines,
Let H = 31940 in Example IV.
w k 3.322 x 213 8.28

= 0.222 40H 31940

sinh 0.222 40 = 0.224 24

sinh
w (k - n) q w

H 2 H x 0.224 242 1 = 4279 ft.
Supports at unequal heights, p = 185.5 ft.T = 33000 lb. at the higher support.

235.0 X 3.322
2 x 31940 x 0.224 24h = 2.036 lb. per ft.

v = 2.623 lb. per ft.

w (k - n)
= 0.054 50w = 3.322 lb. per ft.
= 0.054 47HP w

0.054 47 x 31940

q = = 235.0 ft.

2 k = 4276.57 ft. n = 2138.28 -
3.322

= 1614.6 ft.
m = 4276.57 - 1614.6 = 2662.0 ft.

= 0.05495b = 2 k

By equation (10),
m = 2132 + 545 - 17.0 - 0.2 - 0.4

= 2659 ft.
By equation (1),

d q = 356 ± 15 + 1
= 372 ft.

The paper referred to -above states that the deflectionfrom the upper support is
9933.77 - 9615.44 = 318.33 ft.

7. Problem with cable loaded, Table VII, Transmission LineDesign, by G. S. Smith , JOITRN. A. I. E. E., Dec., 1925, p. 1352.See complete paper.
8. "Mississippi River Crossing," by H. W. Eales and E.Ettlinger, JOITRN. A. I. E. E., Oct., 1925, first problem in theappendix. See complete paper.

The value of T can now be calculated, and it will beslightly different from 33,000 since a value of H wasassumed as part of the trial and error method.The complete paper contains an appendix, hereomitted, giving derivations of formulas.

LIGHTED STREETS
The lighting of public streets was originally a privateundertaking, and the first city ordinance was passedin London in 1414, requiring all citizens to hang lampsbefore their doors at dark. Municipal street lightingoriginated in 1558 in Paris. Oil -burning lamps wereused till 1813, when gas was adopted. In Londonelectric street lighting is a development of the lastforty years.



June 1926
DISCUSSION AT MIDWINTER CONVENTION

569

Discussion at Midwinter Convention

CARRYING CAPACITY OF 60 -CYCLE BUSSES FOR
HEAVY CURRENTS'

(LECLAIR)

NEW YORK, N. Y., FEBRUARY 9, 1926

H. B. Dwight: Usually it is found undesirable to place

copper straps across lines of magnetic flux, but they should be

placed parallel to the magnetic field as much as possible. Ac-

cordingly, where the phases are separated, I should suggest

placing the straps parallel to the sides of an equilateral triangle,

as in Fig. 1 of this discussion. If arrangement has not been

FIG. 1-PROPOSED ARRANGEMENT
OF BUS BARS

tried out, it should be tested in comparison with the arrangements

shown in Fig. 6 of the paper.
It is not always necessary to separate widely the conductors of

different voltages. If the voltage is not over 250 volts, parallel

straps connected + - - etc., or A, B, C, A, B, C, etc., give

extremely good results. In this way, currents up to 50,000

amperes at about 200 volts have been carried without trouble

from skin effect, proximity effect, or reactance drop, as is well

known in heavy electric -furnacework.
C. F. Wagner: The problem of current capacity of busses,

by its very nature, is largely empirical. Mr. LeClair has con-

tributed valuable experimental data to the general fund of

knowledge on the subject.
I wish to question the statement made by Mr. LeClair on the

fourth page of his paper which reads as follows: "In Mr. Wagner's

article for single-phase busses he draws the curve from the outer

edge to the center of the bar and assumes that the same condition
holds from the center to the opposite edge of a bar. This is

perfectly true in some cases but not at all true in others; and the

electrical center, or the point of minimum current, in a bar may

not be the physical center." While this statement is perfectly
true, Mr. LeClair draws the inference that I would probably

have made the same assumption, and, of course, been wrong,
had I had a different set-up. The fact is that my assumption was
correct for the particular case chosen, and for other cases in which

the distribution was unsymmetrical I determined the distribution
in the entire bar. Perhaps I am unjustified in interpreting the

statement in this light and considering the matter merely one of

an unfortunate choice of expression.
Regarding the use of magnetic steel for increasing the carrying

capacity, the cut -and -try method of application does not appear
to me to he an insurmountable difficulty. In connection with
the magnetic balancers I should also suggest the use of radiating
fins to carry away the iron loss in the balancers.

A. E. Kennelly: In the paper by Mr. LeClair, skin effect and
proximity effect are fully referred to, but edge effect does not
appear to be mentioned. If we take a flat strip of copper and
allow it to carry direct current (the return conductor remote), we
know, except for temperature variations, that the current density
will be the same in all parts of the cross-section. However, when
the strip carries an alternatng current, there may be negligible

1. A. I. E. E. JOURNAL, January, 1926, g. 9.

skin effect because the strip is thin. But the current density will

not be uniform; it will tend to be much greater at the edges.

That effect can be eliminated completely by bending up the strip

edges so as to form a tube. The current density then becomes

uniform everywhere, and the edge effect disappears.
That is a well known phenomenon and what we have in Mr. Le-

Clair's paper is a mixture of edge effect and proximity effect.

For example in the case of Fig. 2, you see that there is edge effect,

but there are also proximity effects at the edges which are near

to the other conductors. It is exaggerated, so to speak, by the

vicinity of the neighboring conductors. But if the bus bars

were removed or separated by a considerable distance, there

would still be edge effect and the linear resistance of that con-

ductor would be greater than that which would be obtained

even though the skin effect were extremely small.

When the conductor is bent round, we tend to eradicate the

edge effect, but we do not get rid of the proximity effect, and

Curve 3, which represents Figure B, I think has an advantage in

carrying capacity over Curves 1 and 2, corresponding to construc-

tions where the edge effect is more pronounced. As Mr. LeClair

has pointed out so well, it is very difficult to make measurements

upon the resistance of bus bars owing to their size and cross-

section. The linear resistance of the bars microhms per meter is

so small that it is very often necessary, as he says, to infer the

resistance from the temperature observations because where the

point of resistance goes up including skin or edge effect, the tem-

perature also will go up. On the other hand, we have to remem-

ber that all these effects of extra current density depend upon the

resistivity and where the temperature goes up, the resistivity

goes up too and modifies the effect. We thus get only an ap-

proximate measurement. The changes of temperatures involved

will alter the distribution of current density.

S. W. Mauger: This subject began to interest the writer

many years ago when rather exhaustive tests were made to de-

termine a practicable and efficient method of carrying heavy

currents. As Mr. LeClair states, the old standard of 1000

amperes per sq. in. and the practise of simply adding another

parallel bar of copper to obtain increased capacity had become

inadequate, especially for 60-cycle current: After trying many

schemes, the writer suggested the plan now standard with the

General Electric Company and referred to by Mr. LeClair in

foot -note No. 5. One of the features of this scheme is the in-

creased ventilation obtained and another is the so-called "box"

arrangement which takes care of the skin effect. The first

feature was very useful in carrying heavy d -c. currents and it was

found that two sets of 4-in. -wide bars in vertical relation with

2 -in. vertical space between them would 'carry at least as much

current as one set of 10-in. bars, thereby saving 20 or more per

cent of copper.
It may be inferred from Mr. LeClair's statement in the first

paragraph on the fifth page of his paper that the General

Electric Company scheme is suitable only for isolated phases

and for currents not exceeding 7400 amperes at 60 cycles. Such

an inference would' be incorrect as the scheme allows the phases

to be on close centers and by using wider bars with slightly more

space between bars for increased ventilation, it has been possible

to carry much greater currents than 7400 amperes, although

this is as high as the published table goes. When there are long

runs of bars for heavy a -c. current, transposition can be resorted

to which overcomes any difficulty resulting from unequal

distribution.
It would seem that with Mr. LeClair's proposed arrangement

there would be difficulty in taking off connections from the bus

bars except those of small capacity.

Mr. LeClair mentions the matter of permissible temperatures
of bus bars. The rule of 30 dog. cent. rise is, of course, based on
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for a, standard rule, it is not safe to consider varying ambienttemperatures. We must also remember that switching devices
are designed on the basis of the A. I. E. E. Rule of 30 deg. vent.rise and bars connected to these devices must not have a highertemperature, Oxidation is inueli more rapid above 70 deg. cent.than below it, and it does not seem wise to consider an ambientof less than 40 deg. cent.

E. G. Bern
(communicated after adjournment): In _Mr.LeClair's contribution is a statement from which may be inferredthat 7400 amperes is the feasible limit for a 60 -cycle, three-phasebus with double -tier vertical laminations.When dealing with currents of such magnitudes, the questionof supporting the bus structure and its connections to withstandabnormal magnetic stresses usually demands a more liberalspacing of the bus phases. This is, of course, usually limited byavailable space, and by the permissible reactance, as mentioned
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Bus Construct ion
11000 Amp GO Cycle. 3PhaseFIG. 2-Bus

CONSTRUCTION, 10,000 -AMPERE, 60 -CYCLE, 3-PHASE
by Mr. LeClair. By properly proportioning the design, it hasbeen found entirely practicable to use this construction for verymuch higher capacities without neglecting any of the abovefactors, and at the same time to make connections in a conve-nient manner. Fig. 2 herewith shows this construction success-fully applied to a bus of 11,000-ampere capacity, which, however,should not be considered as the practical limit. Under some con-ditions a transposition

scheme of equalizing the load in the differ-ent sections of the bus has worked out to good advantage withoutundue complications.
T. G. LeClair: At first thought it would seem undesirableto put copper straps across the lines of magnetic flux, and itwould appear advisable to set up the. three-phase bus with thebars arranged as shown in Fig. 3 herewith. However, after a

Fro. 3
Fro. 4

careful examination of test results, we come to the conclusionthat, with this arrangement, the ratio of currents at points Aand B is practically the same as the ratio of currents at pointsA and B in Fig. 4 herewith. The particular case on which wehave the most information from our test results is a bus consistingof four bars of 8 -in. by Yt-in. copper, in arrangements whichapproximate Figs. 1 and 2. In this case, it appears that the cur-

,\ is I hre, he current ill point It foreither itrrungement. This means boil ttitI1 the urruul!ennn1Nill rig. :t most of iinTiiii v. in Ile rat't'led h% iiii trot'hieing I II, iir I riniivli aulll Iii, tut her bar,, tt ill Purr} %111'1
Itl i It', I11 1.'64. 1, 1110

burs tt ill lie carry-
ing miter, lens (.11174.111 I hall t hi. butthe Iciitiirruillre 1111'11.W -4 I in I Ili. 110 lirt of ntiliithir,,01.14111:-, Hitt t lit ease tt Oh II"' "PI". 3.1 (In not tt i,h lit eunty II"' "Pi'''.ills dint t1 r.making tt'inistalsen assumption iii Iii pre% ions article. Somewarning is, him ever, necessary because the majority of busseswill be set Op on an ummgement wherein the distribution ofcurrent will be unsymmetrieal.On the matter of balancing currents by

111111.11,11S of magneticbalancers around the bars, there are two different points of viewto take. One is that of the manufacturer of switchboards whohas factory conditions if/ (kill with and close rontul I tt it II the nuvrdoing the work. in this ease magnetic balancers illity possiblybe used to advantage. Out in the field we have different condi-tions, and usually the class of men doing the work is 0111' Ulittlillii-iar with what is required. The contact bet \veer] the engineerand the construct ion men is not so close, and the expense of thecut -and -try balancing is altogether out of reason. Some othermethod of balancing is much less expensive and more satisfactoryfor all cases.
Dr. Kennelly has brought lip an important point in the use

FIG. 5

of the terms "edge -effect" and "skin-effect." The difference inthe significance of these terms should be made more clear. Fig. 5herewith will probably explain my reasons for using the termskin -effect rather than the term edge -effect. This figure repre-sents a single-phase circuit in which one of the busses is made upof laminated copper bars and the other of copper strands in theform of the cable. In the left-hand bus we all agree that due toskin -effect the current in the outer surface at C is much greaterthan the current at the center, D. Due to proximity effect thecurrent at the point E is greater than the current at the point F,and by following the same reasoning in the right-hand bus, which,for the sake of clarity, I have made circular, we should still saythat skin -effect is the cause of a greater current density at (1than at H, and that proximity effect is the cause of the greatercurrent density in bar J than in bar K. Now, if we arbitrarilytake out the center bar of this bus and consider it separatelywe say that it is no longer skin -effect but edge -effect which causesthe greater density at the point G than at point H. As I see it,edge -effect is a special application of the word skin -effect. Skin -effect should include any uneven distribution of the current in abus or cable due to the flux created by the current in this bus.while proximity effect should include any uneven distributioncaused by flux in an adjacent conductor. Regardless of the shapeof the conductor, whether it be round, flat, or of any other shape,the uneven distribution due to the current in itself then causesskin -effect, and changing the shape changes the amount of thiseffect but does not change it from one type of effect to another. Ido not wish to state that this is the best nomenclature to usefor all cases, but I think it is time that we settle upon one defini-tion by which we could all understand each other.We did not make any test on an arrangement of bars exactlylike that described by Mr. Mauger and by Mr. Bern, but itappears that they would have some trouble due to proximity
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effect unless the busses were spaced a reasonable distance apart.

Of course, so long as we can increase the spacing between phases

and between individual bars of the phases, we may increase the

carrying capacity indefinitely. When we come to the greater

current, however, the weights of copper to be used become of

considerable importance, and it becomes advisable to study

carefully which arrangement will give the best copper economy.
Perhaps it will pay to use a slightly more expensive support

in order to use less copper. The type of construction illustrated

in Mr. Bern's discussion is very interesting, but unfortunately

no dimensions are shown with which to make comparisons

of the copper economy to be obtained with this or ' another

arrangement.
Mr. Mauger's points on the matter of permissible tempera -

7 P

Fro. 6.

ture rise are very well chosen. When a bus is to be connected to
some switching device designed for a 30 -deg. cent. rise, it is
obvious that the bus copper must operate at the same, if not at a

lower, temperature. It is impossible to make contacts for use in
switching devices as good as a stationary bolted contact, and
they must be protected. There are, however, a great many
places where a bus is not connected to switching devices, for
instance, between a transformer and rotary converter, and in
such cases experience has shown that considerably higher temper-
atures may be maintained without any trouble from oxidation.

Fig. 6 herewith shows a sample top on a bus for high capacity..
Tops in other directions can be made with equal ease.

REFRACTION OF SHORT RADIO WAVES IN THE
UPPER ATMOSPHERE

(BAKER AND RICE)

NEW YORK, N. Y., FEBRUARY 9, 1926

A. E. Kennelly: The paper is very timely and interesting
because so much attention has been drawn in recent months,
not to say years, to the marvelous properties of very short waves.
The paper makes a definite and very reasonable attempt to
explain some of those properties. The direct wave dies out at
a relatively short distance from the sending station and then
nothing more is heard of it or received ,from it until it has
traveled a relatively great distance. That phenomenon repeats
itself at least once.

Here we are between certain rival theories of refraction and
reflection, from effects produced in the upper atmosphere at a
distance at which we can only guess. It is very remarkable
that we know so little. We are necessarily ill-informed concerning
the conditions that exist in the atmosphere at a distance of, let
us say, fifty -kilometers above our heads, while fifty kilometers
along the ground we can cover in an automobile in an hour or less.

The wonderful thing is that we are able already to form
opinions, such as are expressed in the paper, as to what does take
place in that region above our heads which is so near and yet so
far. The promise is very brilliant that we shall be able to learn
from radio observations, in the not far -distant future, the elec-

trical properties of the atmosphere at distances from ten to 100

or more kilometers above the earth, and it will be very surprising

if the information thereby gained does not have a marked in-

fluence upon weather forecasts at least in the region up to twenty

or thirty kilometers above the surface.
Personally, I think it is early yet to form hard and fast

opinions or to make very definite conclusions as to just what
these phenomena are. We know that there must be refraction.
We know that there must be rotary polarization and we also
know that there must be reflection. Probably all three of these

things occur simultaneously. I think we must therefore retain

an open mind for the present-until more information can be

secured by observation. '
W. B. Kouwenhoven: The author's conclusions are similar

to those of Dr. J. Zenncek who published a paper on this subject

in "Elektrotechnik and Maschinenbau", Vol. 43, p. 593 and 612,

1925. Dr. Zenneck concludes from observations that radio
waves enter the upper atmosphere and that these waves may
come back to earth at some distant point because of refraction.

Radio transmission takes place by means of ground waves and
by means of waves that pass through the upper atmosphere.
In the case of short waves the ground radiation is rapidly ab-

sorbed as pointed out by the authors, while the absorption is
much less for long -wave transmission.

The electric field produced by a radio wave in the upper atmos-
sphere sets the ionized particles in motion. In the ease of long

waves the mean free path of the ionized particle is short com-

pared to the wave length, and collisions occur. The energy is
therefore absorbed and very little if any of the wave is refracted
back to earth. In the case of short waves the absorption is
much less in the upper atmosphere, and the wave is refracted
and reaches the earth again at some point distant from the
transmitter.

M. I. Pupin: Mr. Einstein would probably say that you are
wrong when you say that the wave can be propagated by a ve-

locity greater than the velocity of light wave. What would you
answer if he did object?

W. G. Baker: I think it is one of the cases of distinction be-
tween the velocity of a group of waves and the phase velocity.

With reference to the question of reflection versus refraction
raised by Dr. Kennelly, I believe that most of the people who
talk about reflection from the Kennelly -Heaviside layer use it

as an approximation; they do not wish to bother with the com-

plexity introduced by refraction. Actually the transition from
the neutral to the ionized medium must be gradual, and will
therefore not be sufficiently abrupt to produce appreciable
.reflection except on the very long wave lengths. Unless the
ionization changes by a large amount in a distance comparable
with the wave length' of the radio wave no 'appreciable reflection

can occur, but electron refraction may easily bend the wave
back to earth.

Rotary polarization and other effects due to the action of the
earth's magnetic field on the electron motion will require con-
sideration in a complete theory of the propagation of radio waves

as Dr. Kennelly has pointed out. We have evaded that phase of

the question as well as we could by dealing only with the case of
short waves where the earth's magneticfield cannot have much

effect. There is a certain resonance frequency of the electrons
produced by the earth's magnetic field which corresponds to a
wave length of about 214 meters. If we are working well above
that frequency the effect of the earth's magnetic field on the
motion of the electrons can be neglected without serious error.

We wish to thank Dr. Kouwenhoven for calling our attention
to Dr. Zenneck's paper, and we are interested to hear that his
conclusions concerning the propagation of short radio waves are
similar to ours.

Recently there has been a good deal of surmising, on the part
of radio men, as to the height of the ionized medium. Obviously
we cannot speak of the height of the actual medium since we do
not know where to say it begins, where the maximum is, or where
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CIPHER PRINTING TELEGRAPH SYSTEMS'
(VERNAM)

NEW YORK, N. Y., FEBRUARY
9, 1926L. F. Morehouse:

This work on the development of arrange-ments for secretly transmitting telegrams was done during theWar under the direction of Mr. Gherardi. The problem was tosee if a simple and effective means that would be entirely secretcould be devised for handling telegraph business. The methodused should be such that an enemy could not decipher the mes-sages even if he could capture the mechanism used, thoroughlyunderstand its operation, and obtain contact with the linecircuits.
A large number of systems were studied. Of the manysuggestions made, the most promising were set up and testedout in the laboratory. Various schemes for breaking up thedots and dashes were proposed, but in the last analysis all werefound to be unsatisfactory. We found in studying this problemthat many methods had been devised. Where mechanicaldevices were used, they involved, sooner or later, a repetition ofthe key. If there is such a repetition, the messages can bedeciphered and the real secrecy has disappeared.

Printing telegraph methods were foundThe key in the form of a paper tape or resulting from the combi-nation of two such tapes can be made as long as desired withoutrepetitions with the result that the cipher becomes impossible tobreak. For ordinary business purposes, however, a simplercipher using a key that might repeat at infrequent intervals wouldbe entirely practical and sufficiently secret.P. W. Evans: None of the present' military codes or ciphersoffers complete satisfaction in its security, speed or simplicity.The Signal Corps of the Army will appreciate any assistance orsuggestions which may be offered on this important phase ofour national defense problem.

CONCLUDING STUDY OF VENTILATION OF TURBO -ALTERNATORS MULTIPLE PATH RADIAL SYSTEM2
(FECHHEIMER AND PENNEY)

NEW YORK, N. Y., FEBRUARY 9, 1926S. L. Henderson: This paper covers ;the results of a con-siderable amount of experimental work done subsequent to thepapers written in 1924 by Mr. Fechheimer and Mr. Bratt. Asthe later tests were made on stationary models, the constantscould be determined more accurately than on a moving model,and the accuracy of the equations is demonstrated in the com-parison between tests and calculations as given in Figs. 13 and14. The results of this work are being used in the design ofturbine generators with considerable practical benefit. On onedesign, in particular, it was possible to shorten the machineconsiderably through the use of these equations.The choice of the number of vents and the division of thesevents into intake and outlet zones is thus made relatively simple.The number of vents is determined by the velocity of air required
1. A. I. E. E. JOURNAL, February, 1926. p. 109.

2. A. I. E. E. JOURNAL, April, 1926, p. 347.

ill 1110 1141111I VVIIIS to oittuill sulimrmoory cooling 011 1 hi. .1,1.., ,,rthe vont, mimeos. The nuul111v of is also thf, ilool. it hythe Width of !lie iron package, het %% eon %oils which eitii ,.1without hitving au excessive temperature drop ill the pitekitre.Several trials, as 111 most questions of design, nuist be made inorder 10 o I till II the best proportions.
Artor Ihi, 11111111101' or V01161has been decided 111)4)11, the division of the., into intakesaid outlet zones can be carried out through the us, or thetient; in this paper.

A NEW WAVE-SHAPE FACTOR AND METER'
(DOGGETT, 11EIM, AND WHITE)

NEW YORK, N. Y., FEBRUARY 11, 1926J. J. Smith: When considering the effect of harmonics, it isperhaps well to divide them into different classes: (1) those whichmay give rise to resonant conditions or large circulating currentson the power circuit, (2) those which may give rise to telephoneinterference, (3) those which may give rise to radio interference,(4) those which may give rise to any other type of trouble thatmay be discovered. Let us consider, for instance, the case oftelephone interference, as somewhat similar remarks will applyto other types of interference. In the telephone-interference-factor meter an attempt was made to weight the various har-monies in accordance with the experimental data available as tothe interfering effect of each harmonic. A special type of net-work was designed to do this, and the impedance characteristicsof such a network, which is used in the telephone-interference-factor meter, can be varied, within certain limits at least, tocorrespond with any new data which may show that it is de-sirable to weight the harmonics differently. In the methodsuggested by Messrs. Doggett, Heim, and White, no such ad-justment is possible.
The method proposed may also be compared with a methodsuch as the use of the telephone-interference -factor meter bynoting the ratio between the maximum and minimum valuesobtained on machines in actual operation. The T. I. Fs. givenon the machines of Table I of the 1919 Report of the A. I. E. E.Subcommittee on Wave Shape Standards vary from 11 to 550,while the ratios given by Messrs. Doggett, Heim and White varyfrom 2.746 to 3.724, giving a ratio of 50 to 1 with one methodand 1.35 to 1 with the other.

It is well to remember that direct-current and other types ofmachines produce harmonics, and that it is undesirable tohave a wave -shape meter which will apply to three-phasesystems only. Also, in certain cases of telephone interferencewhich have occurred on systems with the neutral grounded, it isthe wave shape from line to neutral and not from line to linewhich is of interest.
I would like to inquire if the authors found any difficulty inmaking measurements on systems on which there were largevariations in load. In making measurements of harmonics onsuch systems we have found that the magnitude of the har-monics varied with the load over short periods of time (in theorder of one or two seconds). I wonder if fluctuations of thisnature would not make it impossible to get a consistent curvefrom which to pick the maximum as in Fig. 5.It may be well to consider the first paragraph of the paper bybriefly considering what accuracy may be obtained in analyzinga wave obtained with the oscillograph. Let us assume anoscillogram has a maximum ordinate of 2 in. and that the line isof average thickness, which, in order to get a good film, may be1/20 in. or less. Using a wave micrometer ruled in fortieths ofan inch there is no reason why the values of the ordinates shouldnot be measured to within half of one division or 1/80 of aninch. This is an error of 1 in 160 or let us say 0.7 per cent. Asthe probability is that all these errors will not be in the samedirection, it would appear more proper to take, perhaps, halfof this, or say 0.35 per cent, as the probable error in measuring

1, A. I. E. E. JOURNAL, February, 1926, P. 131,
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the oscillograms. Using this figure the maximum deviation in

the first case quoted by the authors from the Revue Generale de

Electricite should have been between the limits 2.6 per cent and

1.9 per cent or the maximum value is in excess of the average by

about 15 per cent of the average value, and correspondingly less

in the other case.
The large discrepancies quoted by the authors may be due to

the inherent difficulty in superposing the equivalent sine wave

of equal length in such a manner as to give the least difference, as

required by A. I. E. E. Standards, 1922, No. 3274. It would be

impossible, however, to explain them without making a detailed

study of the calculations which were made in each ease. Also,

a comparison of the T. I. Fs. calculated from oscillograms and

those taken direct with the T. I. F. given in the 1919 Report of

the Subcommittee on Wave Shape of the A. I. E. E. Standards

Committee, will show that the large discrepancies quoted by the

authors cannot be the general rule. Furthermore, it should be

remembered that by using a filter or some such device for stop-

ping off the fundamental, a very much higher degree of ac-

curacy in measuring harmonics may be obtained with the

oscillograph.
F. K. Brainard: It is generally recognized that sine waves in

a -c. apparatus are desirable and since commercial alternators

frequently have voltage waves which differ considerably from

sines, it would be highly desirable to have a wave -form factor

which could be easily determined and which would be a measure

of the detrimental effect resulting from a distorted wave. Vari-

ous factors have been suggested including the following: (a)
form factor, (b) peak factor, (c) telephone -interference factor,

(d) differential distortion factor, (e) integral distortion factor,

(f) curve factor, and (g) harmonic factor. None of these
appears to be entirely satisfactory, partly because the detri-

mental effect of a distorted wave depends upon the trouble
under discussion and partly because some of the above factors

are not readily measured. If telephone interference is being

considered, the telephone -interference factor is undoubtedly
the proper criterion to apply, but if the core loss of transformers
is under consideration or the dielectric strength of insulating
material is being measured, it is quite obvious that some other
factor should be used.

While this new factor gives the greatest weight to the seventh
harmonic, there is not an exceedingly great variation in weight
given between any of the harmonics, and in this respect it re-
sembles the "harmonic factor" which is defined by Bedell as the
ratio of the effective value of the harmonics to the effective
value of the fundamental, but is superior to it in that it is very
easily measured, although it is applicable to three-phase circuits

only. Possibly an Institute rule using both the telephone -
interference factor and this new factor specifying limiting values
of both, would be desirable. In that case, the telephone -
interference factor would limit possible telephone interference
and this new factor would limit other troubles due to the presence
of the lower harmonics.

The authors are to be complimented for the development of a
wave -shape factor which gives promise of being a valuable one.
The question now seems to be the determination of the value of
this factor as a criterion for the comparison of voltage waves.

C. W. Bates: The paper contains a satisfactory analysis of the
proposed method which should give reasonably correct values
for the harmonics present, when the conditions are ideal. The
paper does not, however, contain any investigation of the errors
which may arise from such sources as the use of voltmeters
containing some inductance, condensers whose loss is not negli-
gible, and unbalanced line voltages. The entire theory of the
proposed method rests on the assumption that when no harmon-
ics are present the potential of the neutral point of the circuit
used is displaced to such a point that the voltmeter readings
have the ratio of 3.732. This is true only when both voltmeters
are absolutely non -inductive, the condensers are absolutely

without loss, and the voltages of the three phases are absolutely

equal.
If it is assumed that each voltmeter has an inductance L in

addition to its resistance R and that the condenser has a loss

represented by its equivalent series resistance r in addition to its

capacity c the ratio of the voltages indicated with exactly

balanced three-phase line voltages will be approximately equal

to 3.732 [ 1+ lig ( rwc)] when R= -co . The

fractional error is then equal to a w
R
I' r w c) or prac-(

tically equal to the difference of the angles of defect (from the

ideal) multiplied by ,/ 3. The approximation in this result is due

only to considering that the angles of defect are equal to their

respective sines and tangents and that the cosines are equal

to unity. These approximations are entirely justifiable for any

voltmeters or condensers whose use could be considered.
The importance of these errors may be judged by considering

two examples:
Voltmeters: R = 1000 ohms, L = 53 millihenries

w L

R

L 1

- .02 at 60 cycles,

Condenser:
1 1000 ohms, r = 50 ohms

c

r w c = 0.05 (3 deg. approximately)
The fractional error in the ratio will be equal to . (0.02

- 0.05) = - 0.052 or - 5.2 per cent. (By the exact ex-
pression this is 4.9 per cent, thus justifying the approximate
expression given for the error). If the voltmeter inductance is

5 3 millihenries as may occur in the best modern dynamometer
voltmeters and the condenser phase angle is 17 min. as might

be, found in a good mica condenser, each angle of defect is one -

tenth the per cent. Even

this error is quite appreciable in the calculation of the method

shown in the paper. Fortunately the errors due to inductance

and to condenser loss are opposite in sign and therefore, by a
suitable adjustment, they may be made to neutralize each other.

The error due to unbalanced three-phase voltage may be
much greater and moreover varies continually with line-voltage

fluctuations. This error may be readily analyzed by the use of

the symetrical coordinates developed by C. L. Fortescue. By

this method any unbalanced system of three-phase voltages is

resolved into two balanced systems of opposite phase rotation.
Since the direction of shift of the potential of the neutral point is

determined by the phase sequence, it may be readily appreciated
that voltages of opposite phase sequence simultaneously im-

pressed will not result in the ideal ratio of voltmeters of 3.732,

even if no harmonics are present.
The analysis of this error is too complicated to be presented

in a brief discussion but the results of the analysis may be il-

lustrated numerically. Let m be the degree of unbalance ex-
pressed by the ratio of the negative -sequence voltage to the
positive -sequence voltage. This is roughly equal to the greatest
deviation of any one of the three voltages from the mean. The

error due to unbalance will depend not only on this ratio but on
the phase angle between the two oppositely rotating components
noted with reference to any instant. Accordingly the limits
of the error are given in the first four lines of the tabulated
illustrations below. Since the authors state that any small

error due to voltage unbalance may be eliminated by stepping
the line terminals around the circuit terminals and averaging the
results obtained by the use of each of the three connections, a
comparison of the error of this average is given also, in the
last four lines.

Two numerical examples are given in the table, one corre-
sponding to a 10 per cent unbalance such as would result from
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11441,11A VV -Sig II 1,Rott V011 14;14,the difference ill IOW voltages resulting in a. different phaseangle. The other example is based oh IL I IRT I ollt unlalhtr1efor example, to voltages of 99, 100.5 mid 100.5. Ill general theunbalance will he between these limits, as the first correspondsto very poor service voltage while the seeond will he difileult tomaintain even under laboratory conditions. From the figuresgiven in the table it is seen that the results of a single pair ofreadings are entirely untrustworthy even with very well balancedvoltages, and that good balance is necessary in order to securereliable results, oven if the terminals
are stepped around. It mayhe noted that the average ratio is always high.

Negative -sequence Voltage ni 10 Per cent 1 Per cent
Maximum ratio of readings 8.04. 3.882Error of maximum, per cent

62 4.0Minimum ratio of readings 2.68 3.593Error of minimum, per cent
29 3.7Maxinutm average ratio
4.022 3.7335Error of maximum average ratio, per cent 7.8 0.043Minimum average ratio
3.755 3.7333Error of minimum average, per cent 0.6 0.033The formula from which these results wereincluded without derivation, for the sake of completeness.Ratio of voltmeter readings

A +-
A + 2 ni cos (60° +/a)

1

A + A m2 + 2 in cos(60° - a)

calculated is

= A NI
+

A2

1 ± A2 n12 + 2 A in cos ( 60° - a )

2
cos ( 60° + a )

where
A = 3.732,
m = ratio of negative - to positive-sequence components,a = angle between components in the reference phase whichis taken to be that across which the voltmeters areconnected.
L. A. Doggett: We have been very pleased to have Mr.Bates attack this problem from his own angle of approach andnot only check our (2 plus AiM) but also show us the method ofeliminating the errors due to the inductance of the voltmetersand the resistance of the condenser.

So far as the effect of unbalance is concerned we would like tosubmit for comparison with Mr. Bates' figures the data for onetest. With balanced voltages the wave -shape factor for a cer-tain wave was 3.693. With the same wave and with voltages of100, 97, and 97.5, the wave -shape factors, as the terminals of thewave -shape meter were stepped around, were 3.54, 3.95, and3.60, averaging 3.697. Experimental study of the effect ofunbalanced voltages indicated that useful results were obtainableup to 2 per cent unbalance.
Mr. Smith has brought out some of the contrasts between thetelephone -interference-factor meter and the present wave -shapemeter. He has also covered the question of the accuracyobtainable from oscillograms. As the wave -shape meter is not atelephone -interference-factor meter, no discussion is devoted totheir comparisons. Mr. Smith has described what might becalled the utmost accuracy obtainable from oscillograms. Theresults cited in our paper are considered fair samples of every-day accuracy obtainable. As to the effect of load pulsations, wefind no difficulty in getting results while undergraduate labora-tory work is in full swing.

In concluding the discussion, it should be pointed out that the

1111111.111,
111/111/111' 11..1I Ilot 41 \h'.1 1111VS, 15 particularly ell 711171111111 Ili nhull I,-tInr ill !hill 141111.4,alternators, %% hieli have I hree exit/11.N hallowed ohm., Lilo,he

teleplione-iiiterferenee-factor meter, this levierelutrueteristie. \\'Hill the '1'. 1. 11'. levier penalizesthe 17111 itial lilt II Irarnionie, for tili-cyele itItermitors,present wave -shape meter penalizes harmonies of phase mint ionopposite to that of the fiiiiilamentid.
Lastly, we thud this meter admirably soiled for showing tindrecording Oranges ill alternator wave shape as the eliariteter of theload Oranges. !Pullet hitting thus, the wave -shape meter hasbrought to our attention some rather remarkable facts.

THEORY OF THE AUTOVALVE ARRESTER(
(it.,E et A N)

NEW YORK, N. Y., FEIIItUAIIY 9, 1926K. B. McEachron: The comparison made by Dr Slepianbetween the energy to be handled by the valve-type arrester andthe arc -resistance type for equal protection is important. Withthe arc type, if the flow of system energy following the impulseis not to be excessive, it is necessary to employ considerableseries resistance with the result that the arrester's ability todischarge the impulse is seriously impaired. To prevent systemcurrent from following the discharge of an impulse through anarrester, it is necessary that the voltage across the arrester, as theimpulse ceases, be equal to or greater than the system crestvoltage. The modern valve -type arresters are designed tooperate on this principle.
In his discussion of the glow discharge Dr. Slepian statesthat with an electrode spacing of slightly less than 0.001 em.voltage of 350 volts is required to maintain the glow. Thetheory given states that the voltage required to start the glow isless than 400 volts and the current density in the glow is about 10amperes per sq. cm. until the disk area is covered, after whichthe gap voltage increases with increasing current becoming387 volts with a current density of 25 amperes per sq. cm.Since the effective area inside the mica spacer is of the order of15 sq. cm. the voltage drop across the air-gap based on Dr.Slepian's figures should be constant at 350 volts with a currentof 150 amperes or less increasing to 387 volts with a currentof 375 amperes.

A series of tests covering a period of two years made on thesedisks have led the writer to suspect that the voltage across theair gap during a discharge was not maintained at approximately350 volts during a discharge.
It was found, for instance, that with 280 volts (crest) appliedthat current would follow an impulse so timed as to strike nearthe crest of the 60 -cycle wave. This seemed to indicate a volt-age much less than 350 volts following the impulse since 280volts was sufficient to cause current flow. With steep-wave -front impulses, applied voltages as high as 1200 volts wereindicated across a single gap which showed that the breakdownmight be more than three times the glow voltage.

More recently we have been able, using the cathode-rayoscillograph to determine accurately the volt-ampere character-istic of disks with spacers even when the discharge lasted but afew millionths of a second. With this oscillograph photographshave been taken showing wave fronts of less than a microsecondduration with oscillations whose frequencies were of the order of100,000,000 cycles showing so plainly that their wave shapecould be determined. With this instrument, three volt-amperecurves were taken on a stack of sixteen disks with fifteen micaspacers, each different volt-ampere curve having a different crestvalue of current. The disks were then coated with copper oneach side and stacked up without the spacers and a volt-amperecurve taken from which the voltage drop in the disks was deter-mined for any particular value of current. By this means it was1. A. I. E. E. JOURNAL, January, 1926, p. 3.
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found that the average resistance of a single disk was 3 ohms at

10 amperes and 2 ohms with 150 amperes flowing. With 450

amperes the average disk resistance is 1.1 ohms.
The volt-ampere curves of the air gaps for the three different

currents were obtained by subtracting the disk volt-ampere

curves from the disk -plus -spacer volt-ampere curves. Using

Dr. Slepian's statement that with current densities less than 10

amperes per sq. cm. that the area of discharge is proportional to

current it. is clear that the disk voltage is constant for currents

less than 150 amperes, and is numerically equal to the voltage

when 150 amperes is flowing through the disk. Using this

method of calculation of disk resistance the curves shown in

Fig. 1 herewith were obtained. The theoretical glow voltage

according to Dr. Slepian is also given. It is to be noticed that a
voltage of from 600 to 700 volts was. required to start current

flow through Ow gap with the particular wave front used. As
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the current increases to about live amperes the voltage rises to

710. 810, and 830 respectively for the three current waves.
With both of the higher current curves the voltage tends to
remain constant at about 800, decreasing, however. for currents in

excess of about 100 amperes. When the current begins to
decrease the voltage falls off until at low current values the
voltage is less than 100 volts which seems to indicate the forma-

tion of an are. It. must be remembered that the shape of these

curves is dependent on the amount of resistance material in-

volved at any particular current and if the author's theory of the
spreading of the discharge is incorrect then the values of re-
sistance which have been used are not correct. The volt-
ampere curve obtained across the stack of disks is a true
characteristic, and the volt-ampere relations in the gap will be
those given if the proper correction has been made for the re-
sistance of the disks. .

If the discharge had the characteristics attributed to it by
Dr. Slepian, the voltage across the gap would be represented by
350 volts plus the additional 371i volts as the current increased
to 375 amperes. With decreasing current the relation between
the voltage and the current should still be the same so that the
volt-ampere curve will be represented by a single line instead of
the loop which is actually found.

With all three volt-ampere curves shown, the applied voltage
rose to the gap breakdown voltage in a time close to one micro-
second, while the respective currents rose to their crest values in
20, 35, and 4S microseconds. From these results it would seem
that the time -current relations are important in the gap dis-
charge for with the same current, different voltages were found
on each of the three different volt-ampere curves. I believe that
several factors have been left out of this formula.

I have been unable to check the curves shown in Fig. 9 of this
paper using this formula (corrected). I should appreciate an
explanation of the formula by Dr. Slepian, and should like to
lmow how it is plotted to get these curves.

The effect of rate of voltage application on the breakdown
of the gap was not discussed by Dr. Slepian but, as with any
phenomena involving ionization, time is required for the gap to
reach breakdown conditions. The results of tests on sixteen
disks with mica spacers are as follows:

TIME-VO1.TA6E RELATIoNS OF AUTOVALFE GAF

Time to Rise to Breakdown Gap Voltage (Crest)

1 microseconds 663 volts
2 5 530 "

30 390 "

60 cycles 4(X) " variable

These results show that in discussing the characteristics of the
discharge between two electrodes as in the autovalve gap, the
effect of time both before the discharge begins and after it has
started cannot be neglected.

The test results given in this discussion show that discharges

having quite different volt-ampere eharacteristies from those
given by Dr. Slepian are actually to be found in the air gap be-

tween autovalve disks. These results are useful not only in
connection with the theory of the glow discharge but also are of
importance when applied to the actual arrester performative in

service. Sr far as I know these results are the first to be actually
obtained under impulse conditions where the time, voltage, and
current relations are fully determined.

On the sixth page Dr. Slepian gives a formula for the deter-
mination of the temperature rise at the surface of a disk when
a certain amount of energy is liberated at the disk surface.

J. Slepiant The paper which I have as written

over a year ago, and in that time here havep been tome important
additions to our knowledge of the theory of the autovalve
arrester which I would like to mention briefly before taking
up Mr. MeFaehron's welcome account of his researches.

The autovalve arrester in its functioning depends on the well
established fact that a heavy current discharge between eke -
frocks of resistivity of the order of ten ohms per cu. cm. re-
mains in a high -voltage form for a relatively long time, whereas

such a discharge between metal electrodes changes into a low -
voltage form within less than a microsecond after its initiation.
These two forms of discharge have long been known as glow and

arc. respectively, and their properties, at least in the steady

state, are fairly well known. As stated in the paper, it is gener-
ally believed that the are discharge takes place when the cathode
is hot enough for thermionie emission. Then, a diffieulty arises
because it appears that the density of energy input into a metal
cathode surface from a glow is not great enough to heat a spot
on the electrode to a high temperature in a time so short as a
microsecond. It seems necessary to assume almost immediate
convergence of current into some spot before that spot has be-
come hot. The resistivity of the autovalve electrodes opposes

this concentrating tendency.
Until recently, it was assumed that this concentration of cur-

rent took place at inhomogeneities of the metal surface. Now,

however, a new theory has been developed which seems to fit
the facts quantitatively, and eliminates the need for inhomoge-
neities to start the current concentration. This theory is that
in the heavy -current glow discharge at atmospheric pressure, the
air immediately adjacent to the cathode becomes heated almost
immediately to a temperature high enough for thermal ionization,
and with metal electrodes this thermal ionization causes the
glow to be unstable and to converge into an arc. Further
particulars may be found in a paper which appeared in the
Journal of the Franklin Institute for January, 1926.

Another advance which has been made is in our understanding
of the factors which determine the rate of spreading of the
discharge in the autovalve gap from its point of initial breakdown
next to the mica spacer. We have blown, from our tests on the
protective valve of the arrester, that this spreading is very
rapid, but now we have information as to the influence of elec-
trode spacing, and also know how this factor influences the volt-
ampere characteristic for impulse voltages.

The points of lowest breakdown in the autovalve gap are
next to the mica spacer, the breakdown voltage there being
usually less than 400 volts. If the mica spacer were not there,
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DI scussioN AT MIDWINTER CONVENTION Journal A. I. E. F.the breakdown voltage would be much higher, depending on thewidth of the gap, and for a 5 -mil gap would be about 1000 volts.Now it is clear, that with such a 5 -mil autovalve gap, if 1000volts is applied, the discharge does not need to start at the mica,but the gap will break down at all points together. For such avoltage then, the discharge may be said to spread instantly overthe electrode surfaces. For a lower voltage the rate of spreadingwhile still very fast will no longer be instantaneous. Since therate of spreading of the discharge determines the rate at which
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the discharge current builds up in the arrester, we may expect acurve such as in Fig. 2 herewith, with an asymptote at 1000 voltsfor the 5 -mil gap. For a 3 -mil gap the asymptote will be at about700 volts.
When an impulse current is sent through an autovalve gap,the total voltage while the current is increasing is determinedby the rate at which the current is increasing. If the currentis increasing slowly, the voltage will be about 400, but if thecurrent builds up instantly the total voltage may be 1000 for
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the 5 -mil gap and 700 for the 3 -mil gap. The total voltage here
includes not only the discharge voltage but also the resistance
drop through the disks.

These ideas are largely the result of a study by G. F. Har-rington of the impulse volt-ampere characteristics of arresterswith different sizes of spacers. These were taken by deter-
mining the maximum volts and maximum amperes in a dis-
charge by means of sphere gaps. Fig. 3 shows results obtained.
It is evident that with the disks in contact, the voltage obtainedcorresponds to the steady-state glow, but that when the disks areseparated, there is an additional rise in voltage which is neces-sary to cause the discharge to spread sufficiently rapidly over thedisk faces.

The lowest curve in Fig. 3 is the impulse volt-ampere curveof the disk resistance, obtained by copper -plating both faces
of each disk and stacking them in series. On subtracting this
curve from the others in 'Fig. 3 we get the curves of Fig. 4.
Disks in contact give a curve which lies very close to the 350-volt line, but with increasing thickness of spacer, the voltage on
impulsive discharge increases rapidly.

Coming now to the results which Mr. MeEuehron has ob-tained with the cathode-ray oseillograph and Mild' are shown inhis Fig. 1, we see that as regards the magnitudes or I v ultagefor increasing current, there is general agreement with the resultsobtained by I larrington and shown in Figs. 2 and 3. It wouldseem from these curves that Mr. McEachron used spacers atleast 0.005 in. thick, which is the upper limit for spacer thicknesstolerated in the commercial autovalve arrester. With thinnerspacers even better performance would be obtained. However,I believe that because of the incorrect value which be has taken forthe ohmic drop through the disks, the lower parts of Mr.McEachron's curves are in error.
First of all, the current density in the discharge is only ap-proximately 10 amperes per sq. cm., and may actually he some-what larger. It is probably also not an absolute constant,and may vary with slight changes in disk composition. But
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taking this value, although the whole disk area is not uniformlycovered for current less than 150 amperes, when the current de-creases to less than this value, the discharge breaks up into alarge number of very small spots which are distributed over thewhole face of the disk. With this distribution of discharge theohmic resistance is that of the whole disk and not that of onlypart of the disk as Mr. McEachron figured. Therefore I haveredrawn Mr. McEachron's curves with the correct ohmic dropin Fig. 5.
These curves show three more or less distinct portions-first there is a higher voltage part where the current is spread-ing over the disk face. Then comes a drop to approximately 350

/000
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500

volts, where the curve tends to become horizontal. The slightdeparture from 350 volts is readily accounted for due to un-certainty in the disk resistance, since the current distributionin plated disks is different from that with discharge, and alsouncertainty in the proper value to take for the current density.Lastly there is a low -voltage part during the last 50 amperes ofthe discharge, which is undoubtedly due to vague contacts andlining up of particles in the gap by the intense field.These vague contacts which follow an intense dischargeexplain Mr. McEachron's finding a current flow at 280 volts.By raising the resistivity of the disks this leakage current may be
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reduced to as small a value as we please. In the commercial

autovalve arrester this leakage is usually not detectable on an

ordinary oscillograph.
Mr. McEachron's experiments on the impulse breakdown of

autovalve gaps are very interesting. They show that the

voltage rises to less than double for very fast discharges. When

the voltage reaches the value corresponding to the gap length

without distortion due to the spacer, we should expect speeds

equal to that of a sphere gap.
The last point which Mr. McEachron raises is as to the cor-

rectness of Fig. 9 in the paper. The formula is incorrectly

printed and should read,
Tv VT

T -
4.18 -Orkc6

Taking t = 0.001 sec., k = 0.016, S = 2.0, c = 0.185 and W

= 3500, gives T = 194 deg. which agrees with the curve of

Fig. 9.

IONIZATION STUDIES IN PAPER -INSULATED
CABLES-I1

(DAWES AND HOOVER)

NEW YORK, N. Y., FEBRUARY 8, 1926

A. E. Kennelly: Turning to the paper by Dawes and Hoover,

it seems to me that the great force of that contribution

lies in the fact that a bridge has been developed which employs

a vibration galvanometer, with all the delicacy and precision

that the vibration galvanometer affords, so that instead of

having to employ a relatively great length of cable dielectric

for test, it is sufficient to have only, say, a couple of meters,

provided that the particular couple of meters shall represent

fairly well, the whole length of a cable under consideration.

E. W. Davis: One of the most important problems which

confronts the manufacturer of high -voltage cables is that of di-

electric loss, its fundamental cause and its relation to the other

necessary properties of a well designed cable.
The papers by Messrs. Dawes & Hoover adds one more to the

numerous theories concerning the nature of dielectric loss and

power factor. Unfortunately many of the papers published to

date, while excellent mathematical treatises on the subject,

are not founded on any scientific research work or based on data

of many tests. In fact, outside of a very few isolated experi-

ments, many of the theories cannot be checked at all.
In a recent paper presented before the British Institution of

Electrical Engineers, "Dielectric Problems of High-Voltage

Cable", by Percy Dunsheath, an attempt is made to connect
dielectric loss with dielectric absorption, dielectric hysterisis,
and dielectric conduction. Much data and many curves are
given to substantiate the theory and there is included a rather
unique discussion of the relation between a -e. and d -c. losses.

The paper by Dunsheath and the paper by Dawes & Hoover
offer two widely divergent theories for dielectric loss, and yet
both of them contain features that may be readily checked.

Fig. 1 herewith shows a few typical power factor -voltage
curves that we have obtained with various impregnating com-
pounds and at various temperatures. These tests were made
in a special oil testing condenser and with a high -voltage, 60 -

cycle bridge. The curves are quite similar to those shown in

the Dawes -Hoover paper, one in particular showing the peculiar
knee found at high temperatures by these investigators.

Fig. 2 shows two curves calculated by means of the formula
(17) of the Dawes & Hoover paper. By slightly varying the
assumptions as to location and dimensions of the air films,
both types of curves are obtained. One interpretation of such
tests would indicate that compound ordinarily contains more
or less air distributed through it and exhibits the same phenomena
of restricted ionization as laminated insulation even though the

1. A. I. E. E. JOURNAL, April, 1926, P. 337.
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barrier effect of the paper is not present. Another phenomenon

exhibited by cable insulation, but not discussed by Dawes &

Hoover, is the V curve of power factor and voltage. Numerous

samples tested show a decrease of power factor with increasing

voltage and then as higher stresses are reached, a rapid increase.

In built-up insulation, there are invariably minute air films.

The loss through these films depends upon the conduction
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through and conduction around the film along the paper. The

conduction loss at low stresses would follow ohm's law and at
high voltages would depend upon the degree of ionic saturation

or ionization. If we consider a very low-pressure air film
between two paper tapes, the full ionic saturation would be
reached at a very low stress and, therefore, the leakage current
would not increase directly with the voltage. The dielectric
loss, therefore, would not increase directly with the voltage and
this would mean a decrease of power faetor with increasing stress.
This phenomenon holds until a point is reached where ionization
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sions. It was thought that tests on single sheets of paper invery close contact with the electrodes would show the character-istics of the paper insulation itself. Then, using more than onesheet, tests could be made with air films between.The curves in Fig. 3 show the results of these tests.In no instance was a V curve obtained with a single sheet ofpaper. Two and three sheets of paper, when placed looselytogether and tested, gave decided V curves of both the gradualand the sharp type. With three and four sheets of paper,sufficient stress could not be obtained with the voltage availableto reach the critical point in the power -factor curve but the startof the V curve was obtained in each instance. The applicationof pressure to the upper electrode when testing multiple sheetschanges the character of the curves very much. In Fig. 3, whentwo sheets are tested under pressure, the V curve is partiallyeliminated and the voltage at which ionization takes place isincreased. With three sheets under pressure, the V curve iseliminated completely. In the case of four and five sheets,sufficient pressure was not applied to remove the V curvecompletely but the dotted curves shown seem to indicate thetendency for this to take place.
W. A. Del Mars The paper by Dawes and Hoover containsa wealth of experimental material which requires considerabledetailed study, and it is difficult to comment upon the resultswithout knowing more about the materials worked upon. Forinstance, cables impregnated with different types of compoundswould probably show different characteristic curves. I thinkthat the value of the paper would be increased very much if in-formation were given regarding the type of compound used inthe cables for which curves are given. For instance, whether the
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tal line between stresses of 20 volts and 100 volts per mil, \\ }Hetiare about the limits in Fig. 5 of the paper.It would then-fore seem that the work which the authors havedone needs to he somewhat,

amplified by all analysis of just theparts of the cable in which the principal losses occur, at the dif-ferent voltages. It is possible that by such an analysis, stepscould be taken to reduce these losses at the higher voltages.Anyone who has done any laboratory work of this kind willappreciate the immense amount of painstaking, careful work thatProf. Dawes and Mr. Hoover have done in this paper. Never-theless, I am not entirely convinced that their curves representinsulation characteristics to the exclusion of test -apparatusidiosyncrasies. When, however, you look at the curves aridcompute the number of experimental points they have made,the work appears to be really prodigious, and even if somecorrections should have to be made, the authors are to be con-gratulated upon their results.
R. W. Atkinson: I have been interested in bridge measure-ments ever since I became connected with the cable industry,and last year published in the Electric Journal a description ofthe method we are now using and gave a brief description of itin a discussion before the Institute. The bridge that has beenshown tonight, and the one I described are about as differentin general construction and circuit as two instruments bothof the bridge type could well be and yet serve the same purpose.Yet I am interested to note that they both have certain funda-mental characteristics and attain final results equivalent inmany respects.

The sensitivity of the two types is nearly the same, so far asI can judtk from the figures given in the paper, and the voltageacross the measuring parts of the bridges is comparable. Theseare fundamental parts of the whole problem of precision measure-ments of dielectric losses. As Prof. Dawes has pointed out,it is very desirable indeed to have the voltage drop across theresistance in series with the measured condenser very low so thatno difficulty will be experienced from the effects of the capaci-tance to ground of the detector and certain other parts of thecircuit. His instrument and mine are closely alike in thisrespect and have a very much lower drop than in the case of anyother dielectric-loss -measuring device of comparable sensitivitythat has been described.
Some fundamental differences between the two bridges arethese:-My bridge uses an a -c. galvanometer as a detector;Prof. Dawes uses a vibration

galvanometer with vacuum -tubeamplifiers to get the same result.
The vibration galvanometer requires accurate frequency whichis not always convenient where a commercial circuit supplies thepower. The a -c. galvanometer requires an auxiliary source ofcurrent to supply the field at the same frequency as that supply-ing the measured condenser.

An advantage of our bridge over most other devices formeasuring dielectric loss is that it is so arranged that whenbalance is obtained, the power factor may be read directly fromthe dials.
There is one difference between the two instruments, which isa very important one and is in favor of the a -c. galvanometer
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type. In using the vibration galvanometer, it is necessary to

secure a very accurate capacity balance before the power -factor

balance can be obtained. With the arc. galvanometer type the

bridge is first made sensitive almost entirely to capacity and

then made sensitive almost entirely to the power factor, by

changing the relation of the field so that the capacity lialance

does not have to be made nearly so accurately as it would other-

wise have to be. This is very significant because it permits meas-

urements to be made much more rapidly than with the other

type.
E. S. Lee: With reference to the Dawes-Hoover paper,

I think there are several things of great interest to those who

have to work with cables and make measurements thereon.

In the first place, we find that we have one more method added

to the already long list and large number of different means by

which we measure dielectric power loss. This is a bridge method.

As Mr. Atkinson has said, about a year ago he described his

bridge, and just a year ago from this same platform we were told

of work which had been done with the Schering bridge, which

work has been carried on for this past year with great success.

Prof. Dawes says: "On one occasion after completing a 60 -cycle

test, we found that the 25 -cycle losses were greater than the 60 -

cycle losses even though sufficient time had been allowed for the

cable to reach constant conditions." Such conditions are not

new to those who are making these measurements continually.

Also, if you will observe the curves of his Figs. 11, 13, and 16 you

will observe "humps" which might be looked upon as indication

of error. But Prof. Dawes has stated that they have checked
those portions and they find those humps should be there in the

curves. These also are found by other observers.
Thus, we are glad to find that as new investigators take up

this work, their results are in agreement with what has been

found in factory testing and experimentation.
I want to call attention to one point, which may not be

necessary, particularly to those who are familiar with the work,

but I think it is quite necessary, particularly for those who are
not so familiar with the work. Some reference was made to the

fact that these are characteristic curves, and I grant you that
they are, except I would call to your attention that the largest
portion of these curves is outside of the operating range; that is,

the curves in Figs. 8 to 16 are for a cable which we would say
would be normally rated at 12 kv. If you will look along
the abscissas or on the curves for 12 kv., you will notice that
within that value the dielectric power loss is quite small; the
power factor is very low, and the change in these values is small.

It is well beyond this voltage that the changes occur. In the
present-day cable, the same conditions exist. We have to go
beyond the operating values, considerably, in order to get these
changes.

There is one other thing to which I would like to call atten-
tion; when I first looked at these curves, I thought the change
in capacitance was enormous, but if you will note the scales, you
will find it is not. It is only about 5 per cent. The change in
the power factor is of the order of 300 to 400 per cent, the
change in dielectric power loss is of the order of about 3000 per
cent. So one has to observe these scales carefully in order to
obtain correct conceptions. The explanation offered by the
authors for the shape of these curves is good and of value, though
if tests are made on cables with different treating compounds
and with liquid fillers, it will be found that these same curves
are not characteristic for those cables but that another set of
characteristic curves will be obtained. Their shape likewise has
to be explained.

I believe we are largely forgetting what power factor is.
We talk about it quite a bit. I believe I am right when I say
that it is the ratio between the dielectric power loss and the
product of the voltage and the current. In other words, the
variations in these three quantities govern the variation of
the power factor; therefore, a discussion of the variation of

power factor must include the variation of these factors. It
is really the dielectric power loss that we are interested in.

If we talk in terms of power factor, then our results become

more directly comparable without regard to volume of the
dielectric, but I think if we remember that the loss varies quite

nearly as the square of the voltage, that the capacitance does

not change greatly, hence current is proportional to voltage,

we can work out the ratio of these factors and see just about
how the power factor will vary. If air ionization is present,
however, conditions are quite different from those when no
ionization exists, particularly since the dielectric power loss

varies at a faster rate than the square of the voltage.
I was interested in the agreement between calculated results

and measured results, and the statement also that if we knew

the constants, we could very readily calculate. I think that
is true but the constants are often difficult to determine.

W. B. Kouwenhovens The authors state that the air con-
denser that they employed in their bridge had a phase angle. In
measurements that I have made with the Schering bridge I
have never been able to detect any phase angle in the air con-

denser used. Slight errors, however, may creep in due to in-
sufficient shielding of the leads and apparatus, and these will
cause discrepancies which are usually assigned to a phase angle

in the air condenser. Proper shielding will often eliminate
these errors.

In some work that I have been doing with Dr. Whitehead

C Nigh Voltage Plate

Air condenser

Low Yo//aye Plate

Shield

-Lead to Low Voltage
Hate

5Ine/o/ (Pipe)
A''

FIG. 4

o.

To 6a/vanometer

we have found it necessary to shield the air condenser and its
leads as shown in Fig. 4 herewith, which shows the air condenser

side of a high -voltage bridge. The pipe shield on the lead to
the low -voltage plate of the air condenser must be maintained at
the same voltage as the lead otherwise charging currents between
this lead and its shield will introduce errors in the results. Any

change that is made in the bridge resistance in series with the
condenser lead must be accompanied by a proportional change
in the resistance in series with the shield, otherwise an error will
be produced in the phase angle as determined in the bridge.
The shielding of the specimens should be carried out in a similar

manner.
In measuring losses at high voltages with the Schering bridge
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or wit It I he quadrant eleetrometer at Johns Hopkins Universitywe have followed Ilue practise of determining the avenravy of theapparatus. In making this check we first measure the loss in aspecimen and then insert a lunItt n 111/11-illdliCtiVti resistance inseries with the specimen and measure the loss again. Wedetermine the current in the specimen circuit and calculate theloss in the added resistance. if the apparatus is functioningcorrectly the loss in the added resistance should equal thedifference between the first and second loss measurements.W. F. Davidson: I desire to call attention to certain limita-tions of the method used by Dawes and Hoover and, indeed, bymost other investigators. We are dealing here with a compositeinsulation which is stressed to such values that ionizationreaches considerable proportions. As a consequence, such"constants" as capacity and resistance cease to be true constantsand not only vary with the effective value of the impressedvoltage but even vary cyclically.
Whitehead, Peek, and othershave called attention to the distorted current wave of corona,which is merely another way of stating that the capacity andresistance are not constant.

Under these conditions the observed data, and with them thecomputed data, will depend upon the method of measurement-a wattmeter method will give one result and bridge methodsother results.
To illustrate this, assume that the impressed voltage is notdistorted in any way and that we have a reference "no -loss"circuit as well as the circuit containing the test specimen. Thevoltage and the two currents may be written in the form:e = E sin w t Bi cos c 0 11iI = II [al sin w t bt cos co t
= 12 lax sin w t 12 COS CO

. . an sinn 0.) t fin cos n w I]and
A13 + B12 = 1, a12 + b12 = a22 +022 + an2 On? =In the test circuit the true power will be

E /2
2

- (AI a2 B1(32)

since the over -tones in the current wave have no correspondingelement in the voltage wave and hence do not contribute towardthe average power.
If the measurements be made with a wattmeter (dynamometeror electrostatic) with an ammeter and voltmeter, the observedand computed results will be:

Potential difference = E/ 122 r. m. s. volts
Current = /2/ 2 r. m. s. amperes

Power - E2
a2 + B1 02) watts

Power factor = A 1 as + B2/32

Resistance

Capacity

E
oe2 -r-

12

12

E w 111 - (Ai a2 B1l32)2
If the measurements be made with a bridge using a tunedvibration galvanometer or a dynamometer with fields excited atthe fundamental frequency, the results would be as follows if themeasured voltage and standard capacity are used:Potential difference = E/ 2

12

r. m. s. volts

.J«32 +/332Current
1/2

Power E /2
(A1 a2 + B1 02)2

A2 a2 B1(32Power factor
a22 +1322

I ti .sis I a nee .4 it? I Is, 07_

a '2' .j.!

07')
k co V (tx2 022) - (A i f liI 03)3

Them. re -A111,, 41(111'1111 011 I he ra,1 I hat the bridge will only butane',the fundamental component of /3 agttiust the reference iireuit.In a bridge meto.tirettlent, securing balance with a hot-wire orother manned detector, it Will IS. intpossil,le to secure all exactbalance and the observed values will differ in ninny pointsfrom those above.
In closing, I should like to suggest that we have reiwliedpoint in our researches where it seems essential Clint we consider

6 R
a I

tunately the means for doing this are already at our disposal inthe cathode-ray oseillograph. The JOURNAL of the Institutionof Electrical Engineers for November, 1925, contains threeexcellent papers dealing with this powerful tool of the moderninvestigator into dielectric phenomena.G. B. Shanklin: Several years ago I made a special studyof the subject of "ionization in cables," and as a co-authorsubmitted some of the findings in Institute papers. Our workdealt largely with "cause and effect" from a practical standpoint.No quantitative nor qualitative analysis was attempted. Thework, in conjunction with that of contemporary workers, re-sulted in recognition of the cause and importance of ionization incables and established methods of eliminating or reducing it.Recent advancement in the voltage rating of cables is based onthe principles demonstrated by thisearly work.A more expert and systematic study by qualified physicists andresearch engineers familiar with the electron theory has long beenneeded. This excellent paper by Messrs. Dawes and Hooverrepresents, I hope, a beginning which will result in eventuallyestablishing the theory of ionization in cables on a firm quantita-tive basis.
Their present results are not only a distinct advancement butare in good agreement with our previous work, as far as it went.By using a length of ordinary impregnated paper cable with aspecial loose sheath, we obtained curves very similar to those inFig. 7 of the paper. The curves were not, as theirs are, subjectto accurate analysis, for ionization of the large air space directlyunder the loose sheath was obscured by simultaneous ionizationthrough the thickness of paper insulation. The use of a modelcable sample enabled them to obtain much more accurate data.Change or shifting of ionization curves, as shown in Fig. 9,is, as they state, a function of time. I agree that residual orfree ions, after the voltage is reduced, are the main contributingcause of this, but do not agree that absorption or higher in-ternal temperature plays an important part. Instead, thereappears to be a factor discovered by J. J. Thomson and called"ionization pressure," which is important. When the gasspaces are first ionized, this "ionization pressure" pushes thesoftened compound back, resulting either temporarily or per-manently in enlarged gas spaces. A particular cable mightoperate indefinitely at normal voltage without ionization, butif a momentary over -voltage, such as produced by a switchingsurge is applied, ionization

might persist for some time after thevoltage drops back to normal. This is, in effect, exactly the samecharacteristic shown in Fig. 9.
The irregular shape of the first section of the high temperature -power factor curves, as shown by Figs. 11 and 13, is, I havebelieved for some time, due to the liquid nature of the compound.Some form of ionic conduction through this liquid is apparentlyresponsible, for these peculiar shapes are obtained only withliquid filling compounds. I have seen the same type of curvesobtained at room temperature when a thin oil is used forimpregnation.

( 'a mei! .\

instantaneous value and not average values. For-
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On the fourteenth page the authors make the statement:

"It has been recognized for some time past that, although the

paper itself has lower dielectric strength than the impregnating

compound, the dielectric strength of the cable is increased by

using paper in combination with compound." This statement

is misleading. They evidently mean that cellulose fiber in paper

form and in combination with air has less strength than when in

combination with compound. This is evident since compound

has greater strength than air. Actually, cellulose in pure form

is an excellent insulator, and this is why paper, acting as a

barrier, improves the dielectric strength of the compound.

Their theory of the formation of tree designs seems very plau-

sible. Certainly, it must be due to tangential stresses along

and between the surfaces of the paper wrappings. The high -

frequency nature of this discharge is also well established. It

might be pointed out that impregnated paper insulation has

something like one -tenth the dielectric strength longitudinally

betty een surfaces of wrappings, that it has radially or perpen-

dicular to these surfaces. The absence of fiber barriers in this

direction accounts for this.
It is sincerely hoped that the authors will continue their

valuable work to a final conclusion.
J. B. Whitehead: We have had some difficulties which

Professor Dawes doesn't mention, and which I hope he hasn't

had. There are also some that he has had which we have not.

Dr. Kouwenhoven has called attention to one of our greatest

difficulties, that is, the screening of the test electrode and main-
taining the guard electrode at exactly the same potential. On

our Schering bridge, we found we could get power-factor meas-

urements in the same range that Professor Dawes is working,

that would differ by 50 to 100 per cent simply by a variation

in the resistance in the tail of the guard circuit. I presume he

has solved that difficulty, or perhaps his bridge is not so sensitive

to it as our own.
As to the phase difference of his air condenser, I am astonished

at the value that he finds. We have found nothing to indicate

such a difference in our condenser. We have split it into two

halves, put one-half in each side of the bridge, and have added

small resistances in the tail circuit of the side we are measuring,
thus checking by successive increments of power factor, to see
whether there is any initial value of phase difference. We
have not detected any, and I hope that Professor Dawes, will
tell us what he consideres to be the source or cause of the phase
difference he finds. In this connection I have the following

references to phase difference in air condensers:

Giebe and Zickner, in the Archive fur Elektrotechnik, find
that in standard air condensers of the Reichsanstalt no phase
difference can be detected by methods measuring the same
to an accuracy of from one to two seconds of arc. These are
small air condensers, and I think the maximum voltage upon
them was about 300 volts, and the measurements were directed
only at the possibility of a phase difference due to the normal
ionization of the air. This is the only source that I can think of
for a phase difference, unless, one has actual point discharges
between the plates of the condenser, in which ease you could get
ionization losses of any description. I assume that Professor
Dawes' condenser was free from error of this type.

E. Moller also finds that radium rays and copious brush discharge
in the neighborhood of an air condenser have no effect on its
phase difference, but he is working at frequencies up to 180,000
and above, so perhaps his figures cannot be taken.

C. H. Willis who is working in my laboratory has computed
the value of the phase difference due to the normal ionization
in the air. This was for a condenser of our dimensions, in
which the space separation up to about 35,000 or 40,000 volts
is two inches. The ratio of charging current to conduction cur-
rent is based on the normal velocity of ions in the air, and the
potential gradient and the frequency, and so on, a very simple
calculation. The value of the phase difference in this case

works out to be 4 X 10-6. This is far below the figures which

Messrs. Dawes and Hoover have given and indicates a negligible

phase difference.
I do not feel that it is necessary to invoke the structure of

the atom in explanation of the behavior of this type of insulation.

I believe that the change in the power factor, as it rises beyond

the ionization point, can be accounted for by the saturated

conditions in these air layers, if it be remembered that this
ionization is extinguished at every half wave, as the voltage goes
down below the critical value. We have every reason to sup-
pose that at such frequencies as we are using here, there is
complete extinction, every half wave. As a consequence there
arises the question of the recombination of the ions, and I think

it is clearly evident from the very interesting and beautiful

experiments on the artificial cable with an air layer, that there is

a normal saturated condition due to a limited air area, beyond

which you do not get any further ionization and therefore no
further loss, as you go on up in voltage.

Another thing that we have to note here is that there are two .

possible sources of loss in ionization: one due to the actual process

of ionization itself, the actual collision or the knocking apart

of component parts, and then on top of that such conductivity

as exists due to the passage of the ions across the air space.
I think it is very easy to picture a saturated condition and if we

have that, it is very easy to see that as the voltage curve goes up,
the power factor may reach a maximum.

I also was particularly interested in the difference between

the ascending and descending curves, and I would like to ask
whether these curves repeat themselves accurately. Nothing
has been said here about the effect of the presence of ionization on

the cable structure itself. It is a most powerful destructive

agent. If you have any layer in which there is active ionization

going on, I wouldn't say that it would remain in the same condi-

tion for more than a few seconds. I think it probable that
much of the trouble in cable insulation is due to the fact that it is

rapidly destroyed as soon as we let ionization start. I venture
the prediction that in a few years' time we are going to see some
curves of this kind which will be flat, and when you do that, and

not until you do, will you have cable that will be satisfactory.
When ionization goes on, the cable is going to pieces, and it seems

to me that it is only a question of thorough and complete im-

pregnation. If we can get that, I don't see how we can fail to
straighten these curves out and get rid of the principal cause
of this trouble.

C. A. Adams: Referring to the destructive effect of internal

corona, I have photomicrographs which show the fusing by

corona of mica laminae in the insulation of a 25,000-kv-a.

turbo alternator. There was in this case conclusive evidence of

what might be called a "corona blast," namely the reaction
of the corona currents on the magnetic field due to the load cur-
rents in the armature conductors; the corona current being

perpendicular to the magnetic field.
C. L. Dawes: Mr. Del Mar requested some more data on the

cable. These are in the hands of the Committee. We have the
cable numbered and I believe we know the manufacturer, but
we we do not know the compound. He states that he hopes we

determine in which part of the cable the loss occurs. At the
present time we are analyzing the cable layer by layer, finite

thicknesses from the center out, those thicknesses being so small

that they are practically surfaces. Our one source of error is
that we must assume that the air spaces are equally distributed
through the insulation. If that is not true, our work obviously

will be in error.
He states that we have done a lot of work and determined so

many experimental points. I merely wish to add to that and
state that these are just a few representative data. There

wouldn't be room in an ordinary journal to include all the curves
which we could put in.

We are very glad Mr. Lee pointed out the fact that we were
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carrying the operating range of the cable above the ordinaryoperating N'01111g0. 11 is MTV:4;411U to (10 this, however, in order
to study the phenomena. We are studying ionization itself,
and we are not attempting to oh lain the ordinary commercial
curves which have been published er w hick are readily obtain-able in many manufacturers'

laboratories.Mr. Davidson brought out the fact that the current is dis-torted by the variable factors in the circuit. We have had thatin mind for some time, and Mr. Hoover and I have discussed
the possibility of obtaining

oscillograms of the charging currentthrough the cable. That is one of the details which we have set
aside until a more opportune time comes to make an investiga-tion in that particular direction. I will state, however, that insome of our early experiments the man who was doing the workat that time told me that he had obtained a power factor ofsomething like 0.1 per cent. I questioned it very much, and onfurther investigation I found that he was using as a source thecommercial lighting circuit, and he had not become familiar withthe galvanometer, and inadvertently he tuned in for the thirdharmonic; in other words, he was balancing up the third har-monic and in his calculations he obtained a power factor whichwas one-third of what he should have obtained.P. L. Hoover: I will reply first to Mr. Atkinson's statement

that in balancing a bridge "it is necessary to secure a veryaccurate capacity balance before the power-factor balance canbe obtained." , It can be shown
mathematically that this effectis inherent in the bridge and does not depend on the type ofmeasuring instrument used. Furthermore, with the Wien andSchering bridges it can also be shown that the power factor,as determined by a minimum

deflection of the detecting instru-ment, may be in error by 50 or 100 per cent if the capacitybalance is out by about one per cent. This effect does not enterin the bridge used for this investigation. With this new bridgean accurate capacity balance can not be obtained if the power -factor balance is out very far. The two balances must be ob-tained simultaneously.
Furthermore, an amplifier is not necessary with this bridgealthough it helps considerably at the lower voltages if the sampleis small. At higher voltages, above 25 kv., the amplifier is notused.

The question raised by Professors Kouwenhoven and White-head concerning the grounding of the condenser shield through aresistance is interesting in that it points out another advantageof this new bridge over the Wien and Schering bridges. Since,with the latter bridges, it is necessary to make the capacitybalance to extraordinary precision in order to get a fair precisionin the power -factor balance, it is essential to maintain the guardring or shield at exactly the same potential -as the low -voltageelectrode of the condenser. Otherwise the effective capacityof the condenser will change due to the change in the potentialdistribution within the condenser. This effect is largely elimina,ted in this new bridge since the power-factor balance does notdepend upon such a critical balance of the capacitances.It should also be noted that the resistance in the shield circuitis not a constant, neither is it equal to the resistance in theother arms of the bridge. If Cland 02 represent the capacitancesof the low-voltage electrode and the shield respectively, andR1 and R2 the resistances in series with these capacitances, then,for the shield to be at the same potential as the low -voltageelectrode the shield resistance. must be R1 = R2 (C1 C2). Con-sequently the resistance in the shield must be changed every timethe bridge is changed. With the Wien and Schering bridgesthis effect is very important and accounts for Prof. Whitehead'sobservation that a small change in the shield resistance maychange the power factor by 50 to 100 per cent.
Check measurements made since the writing of this paperhave shown that the angle of our air condenser was due to in-sufficient shielding of the lead from the low-voltage electrode ofour air condenser as Prof. Kouwenhoven has pointed out. In

our particular case I here %vas magneti)' coupling Its well us 1.141!-
1,11)Statil% I ing correct.41 the dillieuIIV and our aircondenser now hits no Inca surabk [oh.,

ILLUM I NATION ITEMSBy Committee on Production and Application of LightTHE LIGHT-COLOR PLAYER'If, by a person seated at an instrument,
illuminationcould be as flexibly and delicately controlled as sound canbe by one seated at a piano, is it not conceivablethat we should have a new method of emotional expres-sion which might ultimately become a rival to music,or at least a valuable and glorious accompaniment to it?While the main problem involved in designing suchan instrument has always been the flexible and continu-ous grading of the intensity of illumination fromdarkness to its highest pitch, and vice versa, of coursethe problem of color-play at once assumed its inter-active importance. Color is so wonderful a phenom-enon in the act of seeing that it could not be ignored inthe attempt to express emotion through the sense ofvision; such a source of highly pleasurable sensationsmust be taken advantage of. And yet the injection ofcolor -play has tended, in the popular mind, to obscurethe full appreciation of what light-play is.Through long association with lighting effects onthe stage, or by watching

moving picture screens,one naturally thinks of color -play on screen or stage,as being something at which an audience would sit andlook. It is true that colors may be most beautifullypresented when thrown on a
monochromatically re-flecting screen-preferably a white silvered curtain,hanging in loose folds. And it may be that while color-play on such a curtain, or on other objects or surfacesof a stage, will constitute an important feature of thisnew art, yet, after all, this is but a fraction of its main ob-ject. To produce its maximum emotional effect, or, con-versely, to express most fully the emotions of theperformer, the illumination of the whole interiormust be played upon. This is because of the very wideseeing angle of the eye-both horizontally and verti-cally-and because illumination, like the atmosphere,is all pervading, surrounding the whole person and thewhole assemblage of persons. If the highest expressionof this new art is to be conveyed a play on that allenveloping illumination must be secured.

This light play in the illumination of the interiorshould not be thought of as a mere grading up and downof intensity-with or without color changes. It isnot confined to that, but may constitute an extensionof, the space to be illuminated. Starting, for instance,with a brilliantly lighted curtain and the auditoriumin darkness, the glow may be made to grow in area,with the smoothness of a dawn, from a spot on the cur-tain to gradually reach the rear and covers the whole
*From a paper presented before a meeting of the PhiladelphiaSection of the Illuminating Engineering Society, Jan. 26, 1926,by Mary Hallock Greenewalt.
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interior. In other words, a climax may be reached

either by gradually increasing the intensity throughout
or the area illuminated. And, of course, either of

these processes may be reversed, or, to a certain extent,

they may be combined.
This play on the whole interior illumination may be

illustrated by phenomena of nature. Everyone is
familiar with the change of mood which accompanies
the passing of a heavy cloud across the face of the
sun, or the gradual transformation of a brilliant morning
into a cloudy day. Also, how ominous is an unusually

heavy cloud, producing near-darkness at midday!
Conversely, how may one's mood change when an over-
cast gloomy day clears at sunset and fills the world
with glorious radiance and, be it observed, with glorious
color. A day of doubt and skepticism closes with the
conviction that "all's right with the world." Again,

who has not been seated on terrace or lawn of a summer
evening and become conscious of a soft radiance
suffusing the landscape, slowly growing in clearness,
until the full moon, having risen behind the foliage
and at last surmounting the tree tops, spreads its
glorious illumination through all space? The magic
effect is not that of something viewed, but of being
bathed in universal radiance. Depending on the ar-
rangement of lamps, effects of similar type may be
produced in any interior by one seated at the console
of this light -color player. And color -play is not neces-
sarily confined to screen or curtain on the stage, but
may be suffused throughout the interior.

A play of light and color on a curtain or stage,
watched by an audience seated in uniform darkness', or
near -darkness, may be compared to a performance
of music in the presence of a uniform buzzing or hissing
sought throughout the auditorium. For its perfect
enjoyment, music must be the only sound reaching
the ear; it must be unconfused in the whole interior and
dominate the consciousness of the listener. So it is
with the play of light; it must be capable of filling the
whole eye of the watcher and of dominating his

emotions.
It probably goes without saying that this art of

mobile light admits of projecting changing patterns or
shapes (coloring them as desired) by providing mecha-
nism for gradually changing the shapes of the beams
thrown by the projecting lamps. The earliest experi-
ments, many years ago, were concerned with this type
of light and color -play, but it was soon realized that it
is but one small phase of the main problem in developing
this art of mobile light and color. However, it is an
inclusive phase.

The console contains three rheostats, each about 30
30 in. high by 36 in. long, so designed and arranged that
the illumination intensity given by the lamps connected
to them can be changed by steps so small as to seem
continuous. Mercury switches absolutely noiseless
of operation are used, so arranged that the same body of
mercury makes contact between a choice of various

pairs of conducting leads. The console is relatively
light in weight and is about 30 in. wide by 42 in. long.
The seated player controls the play of light and color
by using keys and pedals.

The auditorium accessory consists of an arrangement
of switches in a separate compact box not over 20 in.
long, connected to the console and to the wiring of the
auditorium lighting system in such a manner that the
illumination in large auditoriums, even those consuming
a wattage as high as 250,000, may be varied up or down
at will by minute steps, so as to seem continuous. The
regular lighting system of an auditorium may be so con-

nected and utilized, but, of course, if special effects are
desired, or color effects, special lamps would need to be
properly placed.

The lamp head is designed for getting different colors
from exactly the same point and to save wattage. The
lamp is mounted in a special reflector, and fitted with a
color wheel equipped with variable timing control,
and a color signalling attachment. For color -play on
curtain or stage, the lamps would naturally be placed
as the character of the distribution is helped. Separate
lamps, each with its fixed color screen, may be used in
place of the color wheel. Of course, for certain limited
or temporary purposes, where it is desired to use the
instrument for color -play as a stereopticon, the lamp
head, or several of them, may be mounted directly on
the console, thus providing a self-contained portable
color -player.

A musical composition to secure permanence and
permit of indefinite performance by others needs a
written record. So with a light composition. A
system of scoring has been designed for light compo-
sitions which anyone familiar with musical scores can
easily master, and a basis of permanence for this new
art is thus laid.

The development of an instrument to play with light
and color, to be operated by one person, must have
awaited the advent of the incandescent electric lamp;
it could not have been done with the light from the
candle, kerosene lamp or gas lamp. It has been helped
by the development of high wattage, high candle power
lamps, and of various technical devices, such as the
mercury switch. It must have awaited facts developed
by physiological research, including the seeing incre-
ments of the eye under varying intensities. A new
means of emotional expression and of esthetic enjoy-
ment is thus given to the world-who can predict the
extent of its ultimate development? Perhaps a time
will come when it will be a factor in heightening the
enjoyment of music, deepening the devotion of religious
worship, augmenting the effect of oratory, enhancing
the brilliancy of dances, banquets and social functions,
beautifying and refining whatever may be done on the
stage, platform, or motion picture screen, and, when
played on the silver curtain, becoming in itself a source
of joy to the following generations.
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Annual Convention at White Sulphur
June 21-25

A wide variety of technical subjects, the choice of a charminglocation, and enjoyable recreational features mark the programfor the Annual Convention of the A. I. E. E. which will be heldat The Greenbrier, White Sulphur Springs, W. Va., June 21-25,1926.

TECHNICAL SESSIONS
The technical papers cover a broad range of subjects and thereports of the Technical Committees will describethe importantdevelopments which have occurred in the various fields ofelectrical theory and application. The papers will include thesubjects of the theory of synchronous machines, non -harmonicalternating currents, a -c. circuits, dielectric breakdown, rectifiers,magnetization, heat transfer in machines, auto -transformers,electrical measurement of mechanical vibrations, remotelycontrolled substations, high-speed circuit breakers, regenerativebraking and windings for d -c. machines. The accompanyingtentative program gives more detailed information on thetechnical features.

THE ATTRACTIVE LOCATION
No finer place than the Greenbrier at White Sulphur Springscould have been selected for the convention. This magnificent,modern hotel is located in the Greenbrier Mountains 2000 feetabove sea level in most attractive surroundings. Small cottages,close to the main hotel, are available for those who desire them.There is every opportunity for outdoor sports and recreation.

CIOSO 10 t he hotel I hire are two IS-lode golf courses which areunnmg the finest in the country and also IL splcuilitl nine -holecourse. Excellent tennis courts will be available and both golfand tennis tournaments are planned.
A swimming pool, 90 by 103 ft. in size and fed from ono of.thelargo springs, is another attraction at this hotel.A fine stable of thoroughbred horses is maintained there andthose interested may enjoy horseback riding on well kept trailsover the mountain ridges through very beautiful scenery.Also automobile driving is very enjoyable in this country andmany people motor to the Greenbrier from New York, Phila-delphia and Washington.

SPECIAL ADDRESSES
An interesting feature of the meeting will be the addresseson three organizations which play an important part in theelectrical industry, namely, the International EleetrotechnicalCommission, the American Engineering Council and the Amer-ican Engineering Standards Committee. The speakers will beC. H. Sharp, President of the U. S. National Committee of theI. E. C., L. W. Wallace, Executive Secretary, A. E. C., and C.E. Skinner, Chairman A. E. S. C. Many members will be gladto hear these talks on the objects, organization and activitiesof these bodies.

RECREATION
The recreational side of the convention is receiving specialattention and every afternoon will be free for sports and pleasure.There will be a reception and dance on Tuesday evening of theconvention week and dancing will be enjoyed on other evenings.The ladies will be especially welcome and many plans are beingmade for their enjoyment.

SECTION DELEGATES' CONFERENCEDuring the morning and afternoon of Monday, June 21, aconference of the delegates of Institute Sections will be held underthe suspices of the Sections Committee, but all interested arewelcome to attend.

REGISTRATION AND HOTEL ACCOMMODATIONS
It will be appreciated if those who plan to attend the con-vention will notify Institute headquarters, 33 W. 39th Street,New York, as soon as possible.
Hotel accommodations should be reserved by communicatingdirectly with The Greenbrier, White Sulphur Springs, W. Va.A list of rates is given below.

RATES PER PERSON AT THE GREENBRIER
Cost of Meals is IncludedSingle room without bath

$9.00Single cottage room with use of bath(average five rooms per cottage with twoor three baths)
$10.00Double room (twin beds) and single room withbath between
$10.00Two double rooms (twin beds) with bathbetween
$10.00Two single rooms with bath between
$11.00Double room (twin beds) with bath $11.00Single room with private bath $12.00

REDUCED RAILROAD RATES
Special railroad rates have been granted for those who attendthe convention. These rates are available under the "certificateplan" which requires that each member or guest request acertificate when purchasing his railroad ticket to White SulphurSprings. If 250 certificates are deposited with the Transporta-tion  Committee at The Greenbrier, each certificate holder isentitled to half-fare on his return trip over the same route.There are certain restrictions as to some limited trains, date oftravel, etc., on which information should be obtained from localticket agents.
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Every member and guest should get a certificate whether or not

he will use it. This will insure that those who want to take

advantage of the reduced fare will not be deprived of the

opportunity.
The following table shows the schedules on trains arriving in

the morning in White Sulphur Springs from several cities.

While this schedule will probably be in effect until after the

convention, members should consult their local ticket agents

relative to trains. It is advised that parlor -car and sleeping -car

accommodations be reserved at the earliest possible date.

The general committee in charge of arrangements for the

convention is as follows: Farley Osgood, Chairman, W. R. Col-

lier, W. S. Lee, E. B. Meyer, W. E. Mitchell, A. M. Schoen and

H. B. Smith.
SCHEDULE OF TRAINS ARRIVING AT WHITE SULPHUR

SPRINGS IN THE MORNING
FROM TILE EAST

Lv. New York. Penn. Sta. Penn. R. R. 5:45 p. m. (E.S.T.1

Lv. West Philadelphia Penn. R. R 7:53 p. m. (E.S.T.)

Lv. Wilmington Penn. R. R. 8:34 p. m. (E.S.T.)

Lv. Baltimore Penn. R. R 10:00 p. m. (E.S.T.)

Lv. Pittsburgh B. & 0. Ry. 12:55 p. m. (E.S.T.)

Lv. Washington C. & 0. Ry. 11:20 p. in. (E.S.T.)

Ar. White Sulphur Springs C. & 0. Ry 7:25 a. m. (E.S.T.)

This train carries through Pullman sleepers from New York.

FROM TILE WEST

Lv. Chicago Big Four Ry.
Lv. Indianapolis Big Four Ry
Lv. St Louis Big Four Ry
Lv. Detroit Mich. Cent. Ry....
Lv. Toledo Big Four Ry.
Lv. Louisville C. & 0. Ry
Lv. Cincinnati C. & 0. Ry.
Ar. White Sulphur Springs C. & 0. Ry

1:00 p. m. (C.S.T.)
(3:15 p. m. (C.S.T.1

12:00 Noon (C.S.T.1
12:20 Noon (E.S.T.)
2:00 .p m. (E.S.T.)
8:00 p. m. (C.S.T.)
9:10 p. m. (C.S.T.)
8:40 a. in. (E.S.T.)

This train carries through Pullman sleepers from
Cincinnati and Louisville to White Sulphur Springs.

E.S.T = Eastern Standard time C.S.T = Central Standard time.

Chicago, St. Louis.

TENTATIVE TECHNICAL PROGRAM

TUESDAY MORNING, JUNE 22

President's Address, Dr. M. I. Pupils

Presentation of A. I. E. E. Prizes for Papers

Developments in Electrical Engineering as described in the reports

of the Technical Committees and of the Standards Com-
mittee as indicated below.

Research, J. B. Whitehead, Chairman.
Electrophysics, J. H. Morecroft, Chairman.
Education, Harold Pender, Chairman.
Standards, H. S. Osborn, Chairman.
Instruments and Measurements, A. E. Knowlton, Chairman.

Communication, H. P. Charlesworth, Chairman.
Production and Application of Light, P. S. Millar, Chairman.

Electrical Machinery, H. M. Hobart, Chairman.

WEDNESDAY MORNING, JUNE 23

SESSION A

Synchronous Machines (Extension and Interpretation of Blondel's

Treatment), R. E. Doherty and C. A. Nickle, both of

General Electric Co.
Non -Harmonic Alternating Currents, Frederick Bedell, Cornell

University.
Graphical Solution of A -C. Circuits, F. W. Lee, Johns Hopl6ns

University.
SESSION B

Remote Controlled Substations, W. C. Blackwood, N. Y. & Queens

Elec. Lt. & Pr. Co.
The High -Speed Circuit Breaker in Railway Feeder Networks,

J. W. MeNairy, General Electric Co.
Regenerative Braking for D -C. Locomotives, Alfred Bredenberg,

Jr., General Electric Co.
Multiplex Windings for D -C. Machines, C. C. Nelson, Massa-

chusetts Inst. of Technology.
THURSDAY MORNING, JUNE 24

Developments in Electrical Engineering as described in the reports

of the Technical Committees indicated below.
Power Generation, V. E. Alden, Chairman.
Power Transmission and Distribution, P. H. Thomas, Chairman.

Protective Devices, E. C. Stone, Chairman.
General Power A pplications, A. M. MacCutcheon, Chairman.

Applications to Iron and Steel Production, F. B. Crosby,
Chairman.

A pplications to Mining Work, F. L. Stone, Chairman.
Applications to Marine Work, L. C. Brooks, Chairman.
Transportation, C. T. Hutchinson, Chairman.
Electrochemistry and Electronetallurgy, G. W. Vinal, Chairman.

A. I. E. E. CONVENTION HEADQUARTERS-GREENBRIER HOTEL, WHITE SULPHUR SPRINGS
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Journid A. 1. E. E.FRIDAY MORNING, JUNE 25

SESSION AThe Mechanism of Breakdown of Dielectrics, P. L. Hoover,Harvard University.
Mercury -Arc Rectifiers, D. C. Prince, General Electric Co.Electrical Recording of Vibrations, A. V.Mershon, General ElectricCo.

SESSION BLaw of Magnetization, S. L. Gokhale, General Electric Co.Surface Heat Transfer in Electric Machines with Forced Air Flow,0. E. Luke,
Westinghouse Elec. & Mfg. Co.General Theory of the Auto-Transformer, W. L. Upson, Washing-ton University.

The Niagara Falls Regional MeetingAs we go to press with this issue of the JOURNAL, the RegionalMeeting of the A. I. E. E. at Niagara Falls, N. Y., is conveningfor its first session. The number of early arrivals registeredindicates an unusually good attendance, and the diversifiedprogram and excellent
weather conditions which prevail presagea most interesting and enjoyable time for both the indoor andoutdoor features of the meeting. The program was published infull in the May JOURNAL and preliminary copies have beenmailed to all the membership in the eastern part of the UnitedStates. A complete account of this meeting will appear in theJuly JOURNAL.

Regional Meeting Held at MadisonThe first regional meeting of the Great Lakes District of theInstitute was held in Madison, Wis., May 6 and 7, with head-quarters in the Hotel Loraine. It was most enjoyable and in-structive to the one hundred eighty who attended. Therewere three well attended technical sessions, a regional dinner,and a number of interesting trips.At the first session on Thursday, May 6, two papers werepresented, namely, Rural Electrification, by G. C. Neff, andImportant Features of a Successful Plan for Rural Electrification,by G. G. Post. Quite a numberdiscussed these papers. Includedwere E. A. Stuart, A. H. Ford, E. H. Lehman, K. A. Pauly,Eugene Holcomb, C. B. Hayden and F. W. Duffee.Three papers on high-voltage cable were presented Fridaymorning. These were as follows: The Quality Rating of High -Ten-sion Cable with Impregnated Paper Insulation, by D. W. Roperand Herman Halperin; Tests of Paper-Insulated, High -TensionCable, by F. M. Farmer; and The Effect of Internal Vacua in High-Voltage Cables, by W. A. Del Mar. These papers were receivedwith great interest and extended discussion followed. Thosetaking part were: R. W. Atkinson, W. S. Clark, E. S. Lee, D. M.Simons, R. J. Wiseman, H. G. Burd, S. J. Roseh, Percy Dun-sheath, E. C. Willman, F. A. Brownell, and E. M. Tingley.Following these papers F. G. Boyce presented a paper onSome Interconnected -System Operating Problems. This wasdiscussed by D. W, Roper, H. J. Burton, Carl Lee, and R. L. Dodd.A session on Cooperation between the Colleges and the Industriesin Research occupied Friday afternoon. Papers on this topicwere read by the following: W. E. Wickenden (read by J. T.Rood), A. A. Potter (read by C. F. Harding), B. F. Bailey whosepaper was entitled Can the University Aid Industry?, and EdwardBennett whose paper was entitled Seminars for PractisingEngineers. Those contributing discussions were E. B. Paine,John Mills, S. H. Mortensen, J. S. Coldwell, F. E. Tourneur,and C. F. Harding.
L. J. Peters then presented a paper on Behavior of RadioReceiving Systems to Signal and to Interference which was dis-cussed by Prof. Edward Bennett.
An enjoyable feature of the meeting was the regional dinnerheld on Thursday evening. A very inspiring address was madeby Dr. Glenn Frank, President of the University of Wisconsin.Dr. Frank drew attention to the present sociological and eco-

nomic problems of this country and suggested am pow -101111remedies two courses of action. The first lie called a "III1Wscientific renaissance" which could be accomplished by makingthe knowledge of researchers in all lines of science availablefor general understanding and practical utilization. The mecumdremedy ho called a "now industrial
revolution." The mainlines of action in such a revolution would be four, namely, (1) todecentralize industry, (2) to regularize
production and distribu-tion, eliminating excessive seasonal activities, (3) to reduceunemployment, and (4) to allay the insecurity of the labor class.In elaborating on these propositions Dr. Frank suggested asone means of accomplishing them, the small factory makingstandardized parts and situated in farm territory where laborersmight alternate between farm work and factory work.Meetings of the Branch Counselors of the District were heldon Thursday and Friday at which were present the counselorsof ten Branches and several other professors who were interested.Many of the visitors took the trips which were arranged inand around Madison and a number also found time to play golf.

Student Convention Held at M. I. T.A convention of enrolled students of the Northeastern Districtof the A. I. E. E. was held at Massachusetts Institute of Tech-nology, Cambridge, Mass., on May 7. The meeting, which wasarranged by a student committee assisted by the Boston Section,had an attendance of one hundred sixty. There were threetechnical papers presented and a number of inspection trips weremade. A banquet was also given.
At the technical session in the morning, at which S. A. Tucker,Chairman of the Yale Branch, presided, the following paperswere presented: D -C. Transmission Considerations, by S. W.Marshall, M. I. T. graduate; A Phase of Distribution Engineering,by 0. W. Briden, Brown 1926; and Electrical Characteristics ofRichmond Station of the Philadelphia Electric Company, byConstantine Barry, M. I. T. 1927.

At the banquet in the evening, Prof. H. B. Smith, Vice-President in the Northeastern District, was toastmaster. Dr.S. W. Stratton, President of Massachusetts Institute of Tech-nology, welcomed those present in a short talk, after which threeaddresses were made. Dr. M. I. Pupin, President of the A. I.E. E., chose as his subject Science and Engineering. He wasfollowed by Prof. C. F. Scott, Yale University, who spoke onHow Student Branches Came into Being, and R. E. Doherty,Consulting Engineer, General Electric Company, who spoke onEmployment with a Large Manufacturing
Company.In the afternoon many took the trips which were made to thefollowing places: Edgar Station of the Edison Electric Illumi-nating Company; the plant of the Simplex Wire and CableCompany; a machine -switching exchange of the New EnglandTelephone Company; and the M. I. T. Laboratories.A meeting and luncheon of the Branch Counselors of theDistrict was held at which every Counselor was present besidesa number of others interested in Branch and Section activities.

Establishing of Louisville SectionA meeting was held on May 13 in Louisville, Kentucky toconsider the advantages of establishing a local Section of theInstitute in that city. Some sixteen A. I. E. E. members werepresent hnd listened to an interesting talk on the value of localSections given by W. E. Mitchell of the Alabama Power Com-pany, Vice -President of the A. I. E. E. from the SouthernDistrict. It was decided that the establishing of a local Sectionin Louisville would be a distinct advantage to every one con-cerned and a committee was appointed to complete theformalities and present a report at a meeting to be held inSeptember. Those named on the committee were, E. D. Wood,Operating Electrical Engineer, Louisville Gas & Electric Co.and D. C. Jackson, Jr., Professor of Mechanical and ElectricalEngineering at the University of Louisville.
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Cummings C. Chesney
PRESIDENT-ELECT OF THE A. I. E. E.

Cummings C. Chesney, Manager and Chief Engineer, General

Electric Company, Pittsfield, Mass., has been elected President

of the American Institute of Electrical Engineers for the year
beginning August 1, 1926, as announced in the report of the

Committee of Tellers published elsewhere in this issue.

President-elect Chesney was born in Selingsgrove, Pa.,

October 28, 1863. He was graduated from Pennsylvania State

College in 1885, and for three years taught mathematics and

chemistry. In 1888 he
joined Mr. William
Stanley's laboratory
force at Great Barring-
ton, Mass., and the
following year entered
the services of the
United States Electric
Lighting Company in
Newark, N. J., a sub-
sidiary of the Westing-
house Electric and
Manufacturing Com-
pany. In 1890 he
moved to Pittsfield,
Mass., where he was
one of the original
incorporations of the
Stanley Electric Manu-
facturing Company,
started with a capital
of $25,000. The com-
pany was organized to
develop the alterna-
ting -current inventions
of William Stanley,
John Kelley and C. C.
Chesney. The work
was primarily of a
pioneer character with
little precedent to
guide it.

This company devel-
oped the well-known
S. K. C. system (Stan-
ley, Kelly, Chesney).
The first polyphase
transmission plant
equipped with the S.
K. C. system to be put
into successful opera,-
tion and the first in
America was installed in 1893 and is supplying power and light
today for use in the towns of Housatonic and Great Barrington,
Massachusetts. In 1895 a 12,000 -volt plant was installed for

service from Lowell to Grand Rapids, Michigan. The operating
success of these alternators was due to special design in which
the high-tension currents were generated in the stator element
by the revolving rotor, these being the first alternators to pro-
duce a true sine wave. As early as 1896 alternating -current
generators of 6000 volts with control equipment were put into
successful operation on the transmission line of the Mont-
morency Electric Power Company, Quebec. In 1898 generators
up to 12,000 volts were placed in service. During the early
period two-phase alternating -current induction motors were
developed, electrostatic condensers at 500 volts and electric
transformers of 100 -light capacity. In developing the trans-

--

former all spaces in the coils were filled with Gilsenite to provide

better heat dissipation and insulation. This occurred as early

as 1892, as did the development of cloth treated with oxidized

linseed oil. The most effective general insulation in use today

was developed by the Stanley Company, in 1891-1892, super-

seding the old insulating methods using shellac and P. & B. paint.

In 1893 belt -driven alternators were put into successful operation

and in 1899 alternators of this design direct -connected to steam
engines went into suc-
cessful operation in
the power house of the
Staten Island Electric
Company. These were
the first alternators to
be operated in parallel
and in regular com-
mercial service. Switch-
board instruments,
high-tension arc break-
ing devices, frequency
indicators, indicating
wattmeters, lightning
protection for high and
low-tension currents,
condensers, etc., were
among other apparatus
manufactured by the
Stanley Company. The
company built the first
revolving field types of
alternators used in
America. These were
extensively used in
hydraulic stations, no-
tably the Bay Counties
and Standard compa-
nies' lines in California,
at that time the longest
high -voltage lines in
the world, using 40,000
to 60,000 volts.

Mr. Chesney was
vice-president and chief
engineer of the Stanley
Company from 1904
to 1906. On the latter
date he took up the
duties of chief engineer
and manager of the
Pittsfield works of the

General Electric Company, which company had acquired the
Stanley Manufacturing Company. Under Mr. Chesney's

supervision the Pittsfield works in recent years have made partic-
ular progress in the development of apparatus for commercial
service up to 220,000 volts, and lately have completed successful
tests of 1,000,000 volts for transmission purposes.

Mr. Chesney is a Fellow of the Institute, and has taken an
active interest in its affairs. He served as manager from 1905 to

1908 and as vice-president from 1908 to 1910. He is also a mem-

ber of, the Society of Arts, London, of the American Society for
the Advancement of Science and of the Engineers Club of New

York. During the year 1920 he was president of the Engineering

Society of Western Massachusetts. He has always had a strong
civic interest, taking an active part in the life of his community.
He is chairman of the industrial committee of the crippled
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A. 1. E. E. Directors' MeetingThe regular meeting of the Board of Directors of the AinerieanInstitute of Electrical Engineers was held at Institute head-quarters, New York, on Friday, May 21, 1996.There were present: President M. I. Ptipin, New York; Vice-
presidents Ilarold 11, smith, Worcester, Mass.; Arthur (I. Pierce,Cleveland, Ohio; Managers II. M. Hobart, Schenectady, N. Y.;
(3. L. Knight, Brooklyn, N. Y.; National Secretary F. L.utchinson, New York.A minute was adopted in memory of the late Carl Hering,
Past President of the Institute.Reports were presented of meetings of the Board of Examinersheld April 26 and May 17, 1926, and the actions taken at thosemeetings were approved. Upon the

recommendation of theBoard of Examiners, the following actions were taken upon
pending applications: 93 Students were ordered enrolled; 164applicants were elected to the grade of Associate; 18 applicantswere elected to the grade of Member; 1 applicant was elected tothe grade of Fellow; 3 applicants were transferred to the grade of

Fellow ; 18 applicants were transferred to the grade of Member.'The Board ratified the approval by the Finance Committee,kr payment, of monthly bills amounting to $21,343.99.The National Secretary reported 1330 members delinquent inthe payment of dues for the fiscal year ending April 30, 1926;and the Board directed that the usual efforts be continued tocollect these dues, through the Secretary's office and by bringingthe list to the attention of the Section
officers concerned.The annual report of the Board of Directors for the fiscal yearending April 30, 1926, as prepared in the National Secretary'soffice was presented and accepted for presentation at the annualbusiness meeting of the Institute to be held during the evening

of the same day. The annual report of the National Treasurerwas presented, accepted, and ordered filed.The annual reports of various standing committees (exclusive
of the technical

committees, whose reports will be presented atthe Annual Convention in June), abstracts of which were in-corporated in the Board of Directors' report, were received andordered filed for reference by the committees of the nextadministration.
The following new by-law was adopted, in order to incor-porate in the Institute by-laws the action taken by the Boardof Directors on April 9, 1926, in adopting the policy of providingfor the affiliation with the Institute of engineering student,organizations in colleges in which it is not feasible to establishStudent Branches of the Institute because of the limited numberof students:

"SEC. 59A. An established student engineering society
in a university

or technical school of recognized standing may,upon application of its officers and a member of the instituteconnected with the school, and the approval of the Board ofDirectors, become associated with the Institute. Members ofsuch associated student engineering society may have the sameprivileges as enrolled Students of the Institute and will begoverned by the same requirements."
Upon the recommendation of the Committee on StudentBranches, the Board approved for printing and distribution inpamphlet form, "Suggested By-laws for Student Branches."The Standards Comniittee submitted for the Board's ap-proval, a revision of Section 7 of the A. I. E. E. Standards(Alternators, Synchronous Motors and Synchronous Machinesin General), and the Board voted to approve the recommendedrevision.
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for tile Year
Board of I)

kpril 30, 1926The annual report of flie Ilifard of Directors of the Anwri,,,,,Institute of Eivetricui Engilwers was presented at the annualbusiness meeting of the Institute held in New York Friday f en -Mg, May 21.
'This report eonsists of a brief summary of tht principalactivities of the Institute during the year, ineludiug abstractsof various reports submitted Iffy officers and 4011111111lees, Po% cringtheir respective branches of work. l'he more important unit termreferred to in the report have been, or will be, covered

muchmore detailed form in the .111 It'. si., 11.11d therefore the reportwill not he published in full herein; but any member of theInstitute may obtain a pamphlet copy upon applieation to theNational Secretary.
The growth in Institute membership during the year is indi-cated in the following tabulation:

Membership on
Honorary Fellow member .Associate Total

April 30, 1925
4 597 2.436 14.282 17.319Additions:

Transferred
:33 175New !Members Quali-

fied
5 97 1.976Reinstated

45Total
4 635 2,719 16.303Deductions:

Died
16 71Resigned
36 333Transferred
18 193

Dropped
20 800

Nfembership,
April 30, 1926

4 625 2.1123 14,906 15.155Net increase in Membership during the year
539

The activity of the Sections and Branches during the yearand the growth in the number of these organizations, also in thenumber of meetings held by them and in the aggregate attend-ance, are shown in the following statement:

SECTION

For

May 1
1919

Fiscal Year

May 1
1921

Ending

May 1
192:3

May 1
1926

Number of SeethIOS. 34 42 44;Number of Section meet-ings held
217 303 344Total Attendance

25,537 37.523 46,672
UK A NCII ES

Number of Branches.... 61 65 65
511

Number of Branch meet-
ings held

156 443 503 714
Attendance

6,441 21.629 26.5113 35.270The Finance Committee's report, together with t le generalbalance sheet and detailed financial statements of the publicaccountants who audited the Institute's books, is included in thereport.
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Report of Committee of Tellers on Election
of Officers

To the President,
American Institute of Electrical Engineers

X DEAR SIR:
This committee has carefully canvassed the ballots east for

fe officers for the year 1926-1927. The result is as follows:

tc Total number of ballot envelopes received
4811

: Rejected on account of bearing no identifying name on

ii. outer envelope, according to Art. VI, Sec. 34 of the

0! Constitution
43

i9 Rejected on account of voter being in arrears for dues

I, for year ending May 1, 1926, as provided in the

0:
Constitution and By-Laws

99

zq Rejected on account of ballot not being enclosed in

If inner envelope, or being improperly marked, or on

ti account of inner envelope or ballot bearing an identi-

fying name, according to Art. VI, Sec. 34, of the

Constittrt.ion
111

Rejected on account of having reached the Secretary's

office after May 1, according to Art. VI, Sec. 34, of

the Constitution
14 267

Leaving as valid ballots
4544

These valid ballots were counted, and the result is shown as

follows:
FOR PRESIDENT

C. C. Chesney
4399

Blank
145

FOR VICE-PRESIDENTS

District
No. 1 North Eastern

H. M. Hobart
4397

Blank
147

No. 3 New York
G. L. Knight
Blank

No. 5 Great Lakes
B. G. Jamieson
Blank

No. 7 South West
A. E. Bettis
Blank

No. 9 North West
H. H. Schoolfield
Blank

FOR MANAGERS

F. J. Chesterman
Blank
H. C. Don Carlos
Blank
I. E. Moultrop
Blank

FOR TREASURER
George A. Hamilton
Blank

Respectfully submitted,
SERGIUS P. GRACE, Chairman
E. S. HOLCOMBE
W. E. COOVER

Date May 10, 1926.
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Cast Iron and Magnetic Testing. Wednesday, June 23, (a. m.)

Third Session, Steel; Fourth Session, Brick, Tile, Refractories

and Fire Tests; Fifth Session, (p. m.), Edgar Marburg Lecture.

Thursday, June 24, (a. m.), Sixth Session, Corrosion and Fatigue

of Metals; Seventh Session, Road Materials, Waterproofing,

Petroleum Products and Thermometers. Evening Sessions,

Non -Ferrous Metals and Metallography; Textiles, Rubber,

Coal, Timber, Insulating Materials and Slate. Tenth Session,

Symposium on Resin. Friday, June 25th, (a. m.), Eleventh

Session, Preservative Coatings and Naval Stores; Twelfth

Session, Cement, Lime, Gypsum and Nomenclature.
Special, reduced rates have been prearranged for those who

wish to attend if 250 certificates are filed, and as he registers,

each member will receive a complete set of reports and papers

prepared for this meeting. Golf and tennis tournaments, an

informal dance and smoker will supply entertainment of a more

recreative nature.

1926 Convention of the Illuminating Engi-
neering Society

The Twentieth Annual Convention of the Illuminating

Engineering Society will be held at Spring Lake, N. J., from

September 7-10, inclusive, with headquarters at the Essex aid

Sussex Hotel. The Essex and Sussex is ideally located directly

on the ocean front, a short trip from New York and Philadelphia..

It is beautifully appointed and enjoys a most enviable reputation

for its service and cuisine.
A well-rounded papers program is being prepared with special

features showing the developments in specific fields which have

taken place during the twenty years of existence of the Society.

Special and unique features are also being planned for the

entertainment program and it is confidently expected that the

1926 Convention will prove to be a most successful one.

4385 Annual Meeting and New York Section

159
Meeting, May 21, 1926

The annual business meeting of the Institute was held at the

4402 Engineering Societies Building, New York, on Friday evening,

142 May 21, 1926. President Pupin presided, and called upon

National Secretary Hutchinson, who presented in abstract the

4362 annual report of the Board of Directors, printed copies of which

182 had been distributed to members in attendance. (This report

is referred to elsewhere in this issue).
4371 The report of the Committee of Tellers on the election of

173 officers of the Institute was then presented by Mr. Hutchinson,

and, in accordance therewith, President Pupin declared the

election of the following officers, whose terms will begin on

August 1, 1926:
PRESIDENT:

Cummings C. Chesney, Pittsfield, Mass.
4441

103
4433

111
4439

105

4407
137

E. F. THRALL
E. F. WATSON
J. T. WELLS
Committee of Tellers.

Annual Meeting of A. S. T. M.
The Twenty -Ninth Annual Meeting of the American Society

for Testing Materials will be held at Chalfonte-Haddon Hall,

Atlantic City, N. J., June 21-25 inclusive. The program will

be diversified including the following sessions: Tuesday morning

Committee Meetings; afternoon, First Session, Wrought Iron,

VICE-PRESIDENTS:
District No. 1
District No. 3
District No. 5
District No. 7
District No. 9

MANAGERS:

H. M. Hobart, Schenectady, N. Y.
George L. Knight, Brooklyn, N. Y.

B. G. Jamieson, Chicago, RI.
A. E. Bettis, Kansas City, Mo.
H. H. Schoolfield, Portland, Ore.
F. J. Chesterman, Pittsburgh, Pa.
H. C. Don Carlos, Toronto, Ont.
I. E. Moultrop, Boston,'Mass.

NATIONAL TREASURER:
George A. Hamilton, Elizabeth, N. J.

These officers, together with the following hold -over officers,

will constitute the Board of Directors for the next administra-

tive year, beginning August 1: M. I. Pupin, New York; Farley

Osgood, New York; P. M. Downing, San Francisco, Calif.;

Herbert S. Sands, Denver, Colo.; W. E. Mitchell, Birmingham,

Ala.; Arthur G. Pierce, Cleveland, Ohio; W. P. Dobson, Toronto,

Ont.; W. M. McConahey, Sharon, Pa.; W. K. Vanderpoel,

New York; H. P. Charlesworth, New York; John B. White-

head, Baltimore, Md.; J. M. Bryant, Austin, Tex.; E. B. Merriam,
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A. 1. E. E. Directors' MeetingThe regular meeting of t hi. Board of Directors of the AinerieunInstitute of Electrical Engineers was held at Institute head-quarters, New York, on Friday, Al ay 21, 1926.There were present: President M. I. Pupin, New York; Vice-Presidents Harold B. Smith, Worcester, Mass.; Arthur (1. Pieree,Cleveland, Ohio; Managers H. M. Hobart, Schenectady, N. Y.;G. L. Knight, Brooklyn, N. Y.; National Secretary F. L.H ut eh nson , New York.
A minute was adopted in memory of the late ('art Hering,Past President of the Institute.
Reports were presented of meetings of the Board of Examinersheld April 26 and May 17, 1926, and the actions taken at thosemeetings were approved. Upon the recommendation of theBoard of Examiners, the following actions were taken uponpending applications: 93 Students were ordered enrolled; 164applicants were elected to the grade of Associate; 18 applicantswere elected to the grade of Member; 1 applicant was elected tothe grade of Fellow ; 3 applicants were transferred to the grade ofFellow ; 18 applicants

were transferred to the grade of Member.'The Board ratified the approval by the Finance Committee,for payment, of monthly bills amounting to $21,343.99.*The National Secretary reported 1330 members delinquent inthe payment of dues for the fiscal year ending April 30, 1926;and the Board directed that the usual efforts be continued tocollect these dues, through the Secretary's office and by bringingthe list to the attention of the Section officers concerned.The annual report of the Board of Directors for the fiscal yearending April 30, 1926, as prepared in the Nationaloffice was presented and accepted for presentation at the annualbusiness meeting of the Institute to be held during the eveningof the same day. The annual report of the National Treasurerwas presented, accepted, and ordered filed.The annual reports of various standing committees (exclusiveof the technical committees, whose reports will be presented atthe Annual Convention in June), abstracts of which were in-corporated in the Board of Directors' report, were received andordered filed for reference by the committees of the nextadministration.
The following new by-law was adopted, in order to incor-porate in the Institute by-laws the action taken by the Boardof Directors on April 9, 1926, in adopting the policy of providingfor the affiliation with the Institute of engineering studentorganizations in colleges in which it is not feasible to establishStudent Branches of the Institute because of the limited numberof students:

"SEC. 59A. An established student engineering societyin a university or technical school of recognized standing may,upon application of its officers and a member of the Instituteconnected with the school, and the approval of the Board ofDirectors, become associated with the Institute. Members ofsuch associated student engineering society may have the sameprivileges as enrolled Students of the Institute and will begoverned by the same requirements."
Upon the recommendation of the Committee on StudentBranches, the Board approved for printing and distribution inpamphlet form, "Suggested By-laws for Student Branches."The Standards Comniittee submitted for the Board's ap-proval, a revision of Section 7 of the A. I. E. E. Standards

(Alternators, Synchronous Motors and Synchronous Machinesin General), and the Board voted to approve the recommendedrevision.
An invitation to nominate a candidate for the 1926 Kelvin

%,k Its it.er..p1,11 midi 1. 1. rri'd III I In Pro «leleol N 1111 joirWelr,-1414'111 Iii *HUM I hi, Ind IdrlllIli H1101
S11111'111, 114.11/re nintlrllit tteetirdance %t 11 I1 stilton 37 of II, roapo o oho., I la- Boardeiiiisidered the appoint mint of It N:1011)11'11 Seeretitry fur Ilisadministrittie cur big inning Auctist I, 1921i, and NationalSecretary F. L. Ilutrlunstm wits reitttt. 1111 oil

tither matters of importance
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Hoard of Directors' Report for the 1 eiirEnding %pill 30, 1926
The 0111111111 report of the Board of Directors of the AmericanInstitute of Electrical Engineers was presented at the militialbusiness meeting of the Ilistitiile held in New York Friday even-ing, May 21.
This report eonsists of a brief summary of the principalactivities of the institute during the year, including abstractsof various reports submit till by officers and committees, coveringtheir respective branches of work. The more important muttersreferred to in the report have been, or will be, covered in

1111.101more detailed fOrIll in the .1()taNAL, and therefore the reportwill not be published in full herein; but any member of theInstitute may obtain a pamphlet copy upon application to theNational Secretary.
The growth in Institute membership during the year is uli-mited in the following tabulation:

Honorary Fellow Nlember Associatv Twat
Membership on

April 30, 1925
-1 597 2,436 1-1.252 17.319

Additions:
Transferred

33 175New Nlembers Quali-
fied

5 97 1,976Reinstated
8 45

Total
4 635 2,719 16,303

Deductions:
Died

7 16 71Resigned
36 3:3:3Transferred
1$ 19:IDropped
26 soo

Membership,
April 30, 1926 4 625 2,62:3 14.906 15.155
Net increase in membership (luring the year

839

The activity of the Sections and Branches during the yearand the growth in the number of these organizations, also in thenumber of meetings held by them and in the aggregate attend-ance, are shown in the following statement:

May 1
1919

For Fiscal Year

may 1
1921

Ending

May I
1923

May 1
1926

SECTION
Number of Sections

:34 42 46 51Number of Section meet-
ings held

217 30:3 344 405Total Attendance 25.537 37.823 46,672 58.959
BRANCHES

Number of Branches
61 65 68 511Number of Branch meet-

ings held
156 -143 50:3 714Attendance 6,441 21.629 26,593 :35.270

The Finance Committee's report, together with tie generalbalance sheet and detailed financial statements of the publicaccountants who audited the Institute's books, is included in thereport.
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Report of Committee of Tellers on Election
of Officers

To the President,
American Institute of Electrical Engineers

DEAR SIR:
This committee has carefully canvassed the ballots cast for

officers for the year 1926-1927. The result is as follows:
Total number of ballot envelopes received 4811

Rejected on account of bearing no identifying name on
outer envelope, according to Art. VI, Sec. 34 of the
Constitution 43

Rejected on account of voter being in arrears for dues
for year ending May 1, 1926, as provided in the
Constitution and By -Laws 99

Rejected on account of ballot not being enclosed in
inner envelope, or being improperly marked, or on
account of inner envelope or ballot bearing an identi-
fying name, according to Art. VI, Sec. 34, of the
Constitution 111

Rejected on account of having reached the Secretary's
office after May 1, according to Art. VI, Sec. 34, of

the Constitution 14 267- -
Leaving as valid ballots 4544

These valid ballots were counted, and the result is shown as

follows:
FOR PRESIDENT

C. C. Chesney 4399

Blank 145

FOR VICE-PRESIDENTS
District

No. 1 North Eastern
H. M. Hobart 4397

Blank 147

No. 3 New York
G. L. Knight
Blank

No. 5 Great Lakes
B. G. Jamieson 4-402

Blank 142

No. 7 South West
A. E. Bettis 4362
Blank 182

No. 9 North West
H. H. Schoolfield 4371
Blank 173

FOR MANAGERS
F. J. Chesterman
Blank
H. C. Don Carlos
Blank
I. E. Moultrop
Blank

FOR TREASURER
George A. Hamilton
Blank

Respectfully submitted,
SERGIUS P. GRACE, Chairman
E. S. HOLCOMBE
W. E. COOVER

Date May 10, 1926.

4441
103

4433
111

4439
105

4407
137

E. F. THRALL
E. F. WATSON
J. T. WELLS
Committee of Tellers.

Annual Meeting of A. S. T. M.
The Twenty -Ninth Annual Meeting of the American Society

for Testing Materials will be held at Chalfonte-Haddon Hall,
Atlantic City, N. J., June 21-25 inclusive. The program will
be diversified including the following sessions: Tuesday morning
Committee Meetings; afternoon, First Session, Wrought Iron,

Cast Iron and Magnetic Testing. Wednesday, June 23, (a. m.)
Third Session, Steel; Fourth Session, Brick, Tile, Refractories
and Fire Tests; Fifth Session, (p. m.), Edgar Marburg Lecture.
Thursday, June 24, (a. m.), Sixth Session, Corrosion and Fatigue
of Metals; Seventh Session, Road Materials, Waterproofing,
Petroleum Products and Thermometers. Evening Sessions,
Non -Ferrous Metals and Metallography; Textiles, Rubber,
Coal, Timber, Insulating Materials and Slate. Tenth Session,
Symposium on Resin. Friday, June 25th, (a. m.), Eleventh
Session, Preservative Coatings and Naval Stores; Twelfth
Session, Cement, Lime, Gypsum and Nomenclature.

Special, reduced rates have been prearranged for those who
wish to attend if 250 certificates are filed, and as he registers,
each member will receive a complete set of reports and papers
prepared for this meeting. Golf and tennis tournaments, an
informal dance and smoker will supply entertainment of a more
recreative nature.

1926 Convention of the Illuminating Engi-
neering Society

The Twentieth Annual Convention of the Illuminating
Engineering Society will be held at Spring Lake, N. J., from
September 7-10, inclusive, with headquarters at the Essex amid
Sussex Hotel. The Essex and Sussex is ideally located directly
on the ocean front, a short trip from New York and Philadelphia.
It is beautifully appointed and enjoys a most enviable reputation
for its service and cuisine.

A well-rounded papers program is being prepared with special
features showing the developments in specific fields which have
taken place during the twenty years of existence of the Society.
Special and unique features are also being planned for the
entertainment program and it is confidently expected that the
1926 Convention will prove to be a most successful one.

4385 Annual Meeting and New
159 Meeting, May 21, 1926

The annual business meeting of the Institute was held at the
Engineering Societies Building, New York, on Friday evening,
May 21, 1926. President Pupin presided, and called upon
National Secretary Hutchinson, who presented in abstract the
annual report of the Board of Directors, printed copies of which
had been distributed to members in attendance. (This report
is referred to elsewhere in this issue).

The report of the Committee of Tellers on the election of
officers of the Institute was then presented by Mr. Hutchinson,
and, in apcordance therewith, President Pupin declared the
election of the following officers, whose terms will begin on
August 1, 1926:
PRESIDENT: Cummings C. Chesney, Pittsfield, Mass.
VICE-PRESIDENTS:

District No. 1
District No. 3
District No. 5
District No. 7
District No. 9

MANAGERS:

H. M. Hobart, Schenectady, N. Y.
George L. Knight, Brooklyn, N. Y.
B. G. Jamieson, Chicago, Ill.
A. E. Bettis, Kansas City, Mo.
H. H. Schoolfield, Portland, Ore.
F. J. Chesterman, Pittsburgh, Pa.
H. C. Don Carlos, Toronto, Ont.
I. E. Moultrop, Boston,' Mass.

NATIONAL TREASURER: George A. Hamilton, Elizabeth, N. J.
These officers, together with the following hold -over officers,

will constitute the Board of Directors for the next administra-
tive year, beginning August 1: M. I. Pupin, New York; Farley
Osgood, New York; P. M. Downing, San Francisco, Calif.;
Herbert S. Sands, Denver, Colo.; W. E. Mitchell, Birmingham,
Ala.; Arthur G. Pierce, Cleveland, Ohio; W. P. Dobson, Toronto,
Ont.; W. M. MoConahey, Sharon, Pa.; W. K. Vanderpoel,
New York; H. P. Charlesworth, New York; John B. White-
head, Baltimore, Md. ; J. M. Bryant, Austin, Tex.; E. B. Merriam,
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1NSTPI'lJTE .1N It Ill.:1..1'14Th .1( "11 V IT1 J,,tirnia I A I,Schenectady, N. Y.; M. M. Fowler, Chicage, III.; 11. A. Kidder,New York; E. ('. Stone, Pittsburgh, Pa.Dr. Pit pin then called upon Mr. 11. A. Kidder to presideduring the remainder of the meeting which wits under theauspices of the Now York Section.

Chairman Kidder, after a few preliminary remarks on thevalue of modern methods of obtaining data on circuit breakerperformance as compared with the early days when the cer-tainty of performance of a breaker was an almost unknownquantity, introduced the speaker of the evening, W. R. Wood-ward, General Engineer, Westinghouse Elec. & Mfg. Co., Pitts-burgh, Pa. In the presentation of his paper, "A high -PowerLaboratory for Testing Oil Circuit Breakers and Other Ap-paratus," Mr. Woodward outlined the advantages and disadvan-tages of factory testing as compared to field tests, described theever increasing demand for larger and larger test sets, and theeffort which has been made to make the laboratory complete,flexible, and safe. The paper was profusely illustrated withlantern slides. Discussion of the paper was given by R. M.Spurck, G. E. Co., and E. K. Read of the Westinghouse Co.

The Montefiore Triennial Prize
April 30, 1927 has been set as the latest date upon whichpapers may be submitted to the jury of award for the GeorgeMontefiore Foundation Medal.
This prize is awarded every three years upon the basis ofinternational competition for the best original work in scientificprogress and progress in technical application of electricity inany of its branches. Popular works and simple compilations areprecluded. Papers submitted are subject to the followinggeneral stipulations:
Only such papers as have been prepared during the threeyears preceding the meeting of the acting jury will be acceptable;all must be either printed or typewritten, in both French andEnglish, and twelve copies sent free of postage to M. le secretaire-archiviste de la Foundation George Montefiore, rue31 Liege, Belgium, by whom they will be acknowledged to theauthor. A majority vote of four -fifths by the board of awardallows of one-third of the amount available being bestowed forthe presentation of a valuable discovery in the scientific field orthe statement of a new idea which may lead to importantdevelopment in electrical progression. Should the prize forany year not be awarded or any portion of it remain undistrib-uted this amount will be added to the award for the nexttriennial period. Any paper upon which the jury decides willbe published in the Bulletin de l'Association des Ingenieurselectriciens of l'Institut electro-technique Montefiore, 25 re-prints to be sent to the author free of charge but no further profitto be derived by him from its reprinting. The award carrieswith it a gratuity of 20,500 francs (about $600) to be distributed

at the discrimination of the jury of award, which is comprisedof ten electrical engineers, all holding diplomas of the InstituteElectrotechnique Montefiore, five Belgians and five others,presided over by the director of the Institute Electro-Tech-nique Montefiore, who automatically becomes one of the Belgian
delegates.

At the head of all papers submitted, or in some other conspicu-
ous place should be plainly written: "Travail soumis au con-tours de la Foundation George Montefiore, session de 1923-
1926" (Paper submitted for the competition of the GeorgeMontefiore Foundation).
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American Engineering Standards Committee
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WELCOME SUGGESTIONS ON SYMBOLS AND ABBREVIATIONS
Under the auspices of the American Engineering Standards

Committee, an undertaking which will lead eventually to the
standardization of scientific and engineering symbols and

Ihn.vittliolls hum be, fairly 11 Thl sailcommit w !jell in it, ripri,-.4.10 a I inehliks thirty-onetrade, teelmical and .ea.etitic held its orguniz.ition
meeting J11.111111r. , 191%, r,orietics taking the leading part.in the work as spote-oy I wing, the A merieun Association for theAdvaneement of Seduce, the American Institute of Eli el rictilEngineers, the American Society of ('i% Ferim.trs, ill,' Ameri-can Society or Alechanieal Engineers and the soiaty fur thePromotion of Engineering Education. '1'h1 r1 fury of thesectional committee, (Preston S. Millar, Electrical TestingLaboratories, 80th Street. and East End A11'11111', New YorkCity) will be very glad to receive in cooperation any suggestionswhich interested organizations may care to make with regardto symbols and abbreviations to be adopted in the various fieldsof engineering and industry. Completion of the entire workwill require the participation of many interests, it is the com-mittee's present plan to concentrate upon the fields in whichthere is the greatest need of unification of standards, takingup further work as opportunity affords.

Carnegie Institute Summer Course
Excepting a few guest instructors and special lecturers, nonebut members of the regular college teaching staff has been ap-pointed to the faculty for the summer courses this year at theCarnegie Institute of Technology, according to an announcementfrom the Pittsburgh institution. The guest members of thefaculty, it is further announced, will be on duty at various periodsduring the six weeks' courses for teachers from June 28 to August6 in the College of Fine Arts. For the eight weeks' courses fromJune 4 to August 6 for undergraduates in the industrial andengineering courses, only members of the regular college facultyhave been engaged.

As a result of the increasing interest shown in the type oftechnical instruction featured at this institution. Carnegieofficials report plans to receive another large enrolment ofstudents for this year.
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ENGINEERING FOUNDATION
iiiiiiiiiiiiiiiiiiiiiiiii

EDWARD DEAN ADAMS GIVES GENEROUSLY TO RESEARCHA gift of $100,000 has been made to the Engineering Founda-tion and the Engineering Societies Library by Edward DeanAdams, as announced by W. L. Saunders President of the UnitedEngineering Society and Chairman of its endowment committeeat a meeting of the Foundation the evening of May 19th whena dinner was held at the Union League, with Mr. Adams as guestof honor.
This generous gift of Mr. Adams' brings research endowmentfund up to a total of $650,000, with Mr. Ambrose Swasey'sinitial endowment of $500,000 and the $50,000 received under thewill of the late henry R. Towne.
The sum of $12,000 was contributed toward the support andpromulgation of a fundamental research in blast furnace slags,now in progress at the University of Wisconsin under the direc-tion of Richard S. McCaffery, member of the Institute of MiningEngineers and Professor of Metallurgy at the University. Theinvestigation is being conducted with the understanding thatinformation established by the work done will be contributed to theresearch data of the Engineering Foundation before the 20th ofeach January, covering progress of the preceding calendar year;any unused portion of the funds appropriated to revert to theFoundation.

The Foundation also voted $5000 a year for two years,to promote electrical insulation research on the specific subjectof dielectric absorption, through investigation to be conductedat the Johns Hopkins University under the direction of JohnB. Whitehead, Fellow of the American Institute of ElectricalEngineers and Professor of Electrical Engineering at Johns
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Hopkins University. Results on these investigations are to be

returned to the Foundation before January 20th of each year

covering the previous calendar year with full accounting of the

funds expended and return of any residue which may exist.

The personnel of the Endowment Committee is as follows:

Ex officiis:
W. L. Saunders, President, United Engineering Society,

Chairman.
.L. B. Stillwell, Chairman,. Engineering Foundation.
Sydney H. Ball, Chairman, Library Board.

Nominees of American Society of Civil Engineers:
Charles F. Loweth, Chicago; Chief Engineer, Chicago,

Milwaukee & St. Paul Railway.
H. deB. Parsons, New York; Consulting Engineer.
Ralph J. Reed, Los Angeles; Chief Engr., Union Oil

Company.
Nominees of American Inst. of Mining and Metallurgical Engineers:

D. W. Brunton, Denver; Chairman, Board of Consulting
Engineers, Moffatt Tunnel.

J. V. N. Dorr, President, The Dorr Company (metallurgical,
chemical and sanitary process equipment). New York.

Thomas Robins, New York; President, Robins Conveying
Belt Co., member, Naval Consulting Board.

Nominees of American Society of Mechanical Engineers:
J. W. Lieb, New York; Vice-President & General Manager,

The New York Edison Company.
Wynne Meredith, San Francisco; member of firm, Sanderson

& Porter.
E. A. Simmons, New York; President, Simmons -Boardman

Publishing Company.
Nominees of American Institute of Electrical Engineers:

Calvert Townley, New York; Assistant to President,
Westinghouse Electric & Manufacturing Company.

H. A. Lardner, Vice -President, J. G. White Engineering
Corporation, New York.

E. Wilbur Rice, Jr., Schenectady; Honorary Chairman,
General Electric Company.

Members -at -large:
Charles F. Rand, New York; Past-President, American

Inst. of Mining and Metallurgical Engineers.
James H.  Perkins, New York; President, The Farmers'

Loan and Trust Company, financial adviser and
custodian of securities for United Engineering Society.

H. Hobart Porter, New York, of Sanderson & Porter, and
President, American Water Works & Electric Company.

Robinson Fellowship-Ohio StateUniversity
At a recent meeting of the Robinson Fellowship Committee

it was voted to recommend Mr. Herbert L. Rawlins of Frederick -
town, Ohio, Senior in Electrical Engineering, for the award of
the Stillman W. Robinson Fellowship for the year 1926-27.

This fellowship has a value of $750 and provides that the suc-
cessful applicant shall devote his entire time to graduate study and
research, leading to the degree of Master of Electrical
Engineering.

This fellowship was endowed by Stillman W. Robinson,
formerly Professor of Mechanical Engineering and a famous
inventor of shoe and other automatic machinery. Professor
Robinson also gave the University the large experimental boiler
in the Mechanical Engineering Department.

Dr. E. J. Berg Gives Steinmetz Lecture
Before Schenectady Section

The second Steinmetz Lecture, entitled The Solution of
Transient Phenomena by Elementary Mathematics was delivered
by Dr. Ernst J. Berg, Professor of Electrical Engineering, Union
University, at the meeting of the Schenectady Section on April

23. The Steinmetz Lectures are a series of annual addresses
which was instituted last year by the Schenectady Section in
honor of the late Dr. C. P. Steinmetz. The first address was
given by Dr. M. I. Pupin in 1925. For the second lecture Dr.
Berg selected a subject in which Dr. Steinmetz was deeply
interested throughout his lifetime. The lecture was much appre-
ciated by the 450 who were present. Copies of the address
may be obtained from Institute headquarters, New York.

National Capital Park and Planning
Commission

Since the development of plans for this Commission, engineers
generally have been interested because of a proposal to make
prominent engineers from the District of Columbia and else-
where, members. Under the provision of the Act at least one man
would be appointed from the District of Columbia and as an-
nounced on May 19th at the White House engineers are pleased to

find a prominent member of their profession, F. A. Delano, on
the list of appointees. Other men prominent in the engineering
architectural development of city planning appointed to the and
Commission by the President, were:

M. B. Medary, Philadelphia, Pa., President of the Ameri-
can Institute of Architects,

F. L. Ohmstead, of Boston, Mass.,
J. C. Nichols, of Kansas City, Mo.

Bureau of Standards Visiting Committee
Meets

The Visiting Committee of the Bureau of Standards met with
Director Burgess at the Bureau on April 29th. This body is
composed of five scientists appointed by the Secretary of Com-
merce and entrusted with the work of going over the policy of
the Bureau from time to time to look into the status of scientific
experimentations and outline new phases of investigation.

It is understood that the Committee, during its recent meeting,
went over the requirements of the Bureau of Standards and
worked with the Director in developing some plans for the future.
The nature of the Committee's report has not been disclosed.
It was stated by Dr. George K. Burgess, Director of the Bureau,
that the complete report will be submitted at a later date. The
members of the Committee are: Wilder D. Bancroft, of Cornell
University; Gano Dunn, New York; William F. Durand, New
York; Samuel W. Stratton, Massachusetts Institute of Tech-
nology, and Ambrose Swasey, of Cleveland, Ohio. Prior to
their meeting at the Bureau, the committee paid a compli-
mentary call on Secretary Hoover.

Three members of the committee are also members of the
American Institute of Electrical Engineers.

Stamp Memorial to John Ericsson
Postmaster General New has authorized a special five cent

postage as a memorial to John Ericsson, engineer, builder of the
Monitor, according to an announcement at the Post Office
Department under date of May 5th. It is understood that an
issue of 15,000,000 of these stamps will be placed on sale first at
New York City, Chicago, Minneapolis and Washington, on May
29th. The stamp is being released simultaneously with the un-
veiling of the John Ericsson Memorial Statue in Potomac Park,
Washington, D. C., on May 29th.

According to a statement issued by the State Department the
Crown Prince of Sweden will unveil the statue. Representa-
tives of the leading engineering and allied technical organiza-
tions of America have been invited to attend this ceremony.
The subject of the stamp will be a replica of the John Ericsson
Memorial, designed by the sculptor, James Earle Fraser.
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22.- Erwin IL Mitchell, /0 Selrluellz, 481 0th St., Brook-lyn, N. Y.
23.--- Robert H. Russell, 1128 Warren West, Detroit, Mich.24.-- Lieut. A. (I. Seott, 68 West 107th St., New York, N. Y.25.--Kormit G. Seaman, P. 0. Box No. 68, Boulder, Colo.26.-A. B. Smedley, e io Cooper Hewitt Elec. Co., .1406 FirstNat'l. Bank Bldg., Cincinnati, Ohio.
27.-C. D. Smith, 857 St. Charles St., New Orleans, La.28.-Will M. Strickler, 301 Detroit Life Bldg., Detroit,29.-0. G. Utt, 4738 Oak St., Kansas City, Mo.30.-Leo A. Van Etsen, 1100 Park Ave., New York, N. Y.
31.-John D. Walker, 2686 Woodstock Ave., Swissvale, Pa.
32.-A. R. Williamson, 561 Delaware Ave., Norwood, Pa.
33.-C. A. Winder, Southern Equipment Co., San Antonio, Texas.

icv
NEW HANDBOOKS oil I OE HUM 11 III ' l'ANDARDS

Handbooks No. 6 and Ni. 7, giving ;;.,1 tilos fur the In-stallation and Alaintenanei I Stations andElectric Utilization iii, rispectively, are now on distri-bution through the Bureau of Standards, Washington. Price10 cents each. These are published in small 5 -in. by '7 -in.
paper covered pamphlets No. 6 comprising Part 1 the Grounding
Rules of the fourth edition of the National Electrical SafetyCode, while No. 7 consists of Part 111 and the Grounding Rulesof the fourth edition of the National Electrical Safety Code.Publication dates, February 5 and March 12, 1926, respectively.
Address Superintendent of Documents, Government Printing
Office, Washington, D. C.
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Engineering Societies Library
.11.141.11101101.111111

The library is a cooperative activity of the American Institute of Electrical Engineers, the American Society ofCivil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan-ical Engineers. It is administered for these Founder Societies by the United Engineering Society, as a public referencelibrary of engineering and the allied sciences. It contains 150,000 volumes and pamphlets and receives currentlymost of the important periodicals in its field. It is housed in the Engineering Societies Building, 29 West Thirty-ninth St., New York.
In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library isprepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance.Charges sufficient to cover the cost of this work are made.
The Library maintains a collection of modern technical books which may be rented by members residing in North.4merica. A rental of five cents a day, plus transportation, is charged.The Director of the Library will gladly give information concerning charges for the various kinds of service tothose interested. In asking for information, letters should be made as definite as possible, so that the investigator mayunderstand clearly what is desired.
The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except duringJuly and August when the hours are 9 a. m. to 5 p. m.

BOOK NOTICES (MAY 1-30, 1926)
Unless otherwise specified, books in this list have been pre-sented by the publishers. The Society does not assume responsi-bility for any statements made; these are taken from the prefaceor the text of the book. .

All the books listed may be consulted in the EngineeringSocieties Library.
CRYSTALLINE FORM AND CHEMICAL CONSTITUTION.

By A. E. H. Tutton. Lond. & N. Y., Macmillan & Co.,926. 252 pp., illus., diagrs., tables, 9 x 6 in., cloth. $3.60.An account of the present position of chemical crys-tallography, based upon a course of lectures delivered atCambridge University. The book is intended primarily forstudents of chemistry, physics or mineralogy, but an intro-ductory chapter which summarizes the essential facts of purecrystallography renders it available to readers unfamiliar withthe subject.
AUSGEWAHLTE METHODEN FUR SCHIEDSANALYSEN UND KON-

TRADIKTRISCHES ARBEITEN BEI DER UNTERSUCHUNG VON
ERZEN, METALLEN UND SONSTIGEN HUTTENPRODUKTEN .By Gesellschaft Deutscher Metallhutten-und Bergleute.Berlin, The Society, 1926. (Mitteilungen, t. 2). 146 pp.,9 x 6 in., boards. $2.50.

A collection of methods for the chemical analysis of metalsand ores, recommended by the Chemical Section of the Society ofGerman Metallurgists and Miners for umpire analyses. Themethods cover the examination of zinc, zinc ash and zinc ores;cadmium; nickel, nickel ores and alloys; cobalt and bismuth, and
their ores and alloys; lead compounds; magnesium and its alloys;corundum and carborundum; and the secondary ingredients inantimony and its ores. A chapter on proper methods of samplingis included.
APPAREILLAGE ELECTRIQUE.

By P. Maurer. Paris, Gauthier-Villars et Cie., 1926. 317 pp.,
illus., diagrs., tables, 10 x 6 in., paper. 55 fr.

A text -book on apparatus for interrupting, protecting, regu-lating and distributing electricity. The treatment is largely
descriptive and treats of the design and use of switches, circuit -
breakers, rheostats and switch -boards of the commercial types inuse in France.

DICTIONARY OF APPLIED CHEMISTRY, V. 6.
By Sir Revised & enlarged edition. Lond.& N. Y., Longmans, Green & Co., 1926. 791 pp., illus., diagrs.,9 x 6 in., cloth. $20.00.
The death of Sir Edward Thorpe, in February, 1925, in-terrupted the completion of the Dictionary, but publication isnow resumed under the editorship of Dr. H. Forster Morley,and it is hoped to complete the work during 1926.The present volume includes a number of lengthy articles onsubstances of great industrial importance, prepared by compe-tent authorities. Saponification, silver, soap, sodium and itssalts, starch, sugar, sulfur, sulfuric acid, synthetic drugs, tanninsand tantalum are thus treated, together with many others.The new edition easily maintains the work in its rank as theleading English encyclopedia of industrial chemistry.

FUNDAMENTAL CONCEPTS OF PHYSICS IN THE LIGHT OF MODERN
DISCOVERY.

By Paul R. Heyl. Balt., Md., Williams & Wilkins Co., 1926.112 pp., 7 x 5 in., cloth. $2.00.An account of the evolution of our present concepts throughthe eighteenth, nineteenth and twentieth centuries. Dr. Heylstudies the antecedents of present views, tracing correlations,analogies and similarities wherever they are found, and re-garding the concepts in their philosophical aspects. The bookis an interesting, non -mathematical description, accompanied bya list of references to more detailed works.
GUTERUMSCHLAG.

Die Guterumschlag-Verkehrswoche des V. D. I. in Dusseldorfand Koln, 1925. Sonderausgabe der Zeitschrift des V. D. I.Berlin, V. D. I. Verlag, 1926. 256 pp., illus., diagrs., 11 x 8 in.,paper. 30.-rm.
In September, 1925, a week-long conference on the problemsof freight traffic was held in Dusseldorf and Cologne under theauspices of the Verein Deutsche Ingenieure. The paperspresented appeared in the V. D. I. Zeitschrift and are nowcollected in the present volume.
While questions of railroad freight handling are most ex-tensively treated, there are papers on boat traffic, harbor ma-chinery, street and light railroads, motor-truck and airshipfreight handling. Special attention is given to loading and un-loading machinery and to the efficient utilization of equipment.
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HERTHA AYRTON; a Memoir.
By Evelyn Sharp. London., Edward Arnold & Co., 1926.

304 pp., illus., port., 9 x 6 in., cloth. $5.50. (Gift of Longmans,

Green & Co., N. Y.)
Mrs. Ayrton's chief interest to engineers arises from her inves-

tigations of the electric arc, which were published in book form in
1902. In 1899 she was elected a member of the Institution of
Electrical Engineers, being the first woman to attain that dis-
tinction. She also engaged in an investigation of the formation
of sand ripples, which led her, during the War, to the invention of
the Ayrton fan, a device for driving back poison gas.

Her biographer traces her career from early childhood to her
death in 1923.
INTRODUCTION TO INDUSTRIAL CHEMISTRY

By S. I. Levy. N. Y., McGraw-Hill Book Co., 1926. 288

pp., illus.; diagrs., 8 x 6 in., cloth. $4.00.
Dr. Levy's book departs from the usual textbook on industrial

chemistry, which deals with the specialized technique of par-
ticular branches of chemical industry. Instead, he offers a
general introduction to the whole subject, in which are discussed
such matters as costing, methods of heating, cooling, pulverizing,
filtering, extracting, distilling, drying, etc., on a large scale, and
the transporting and handling of gases and liquids. The
presentation of these foundation processes is supplemented by
brief accounts of certain selected industries; fuel,. sulfuric acid,
alkali, intermediates and explosives. The book is intended to
bridge the gap between the methods of the laboratory and those
used industrially.
LOKOMOTIVVERSITCHE IN RUSSLAND.

By G. Lomonossoff. Berlin, V. D. I. Verlag, 1926. 330 pp.,
illus., diagrs., tables, 12 x 9 in., cloth. 42.-mk.

In the years 1898 to 1900, Professor Lomonossoff devised
a method for testing locomotives, by which the engine was sub-
jected to the working conditions customary for laboratory
tests, on the actual roadway instead of in the laboratory. Wind
resistance and the jolting from passage over the rails here intro-
duce factors absent from laboratory tests.

Since 1908 the method has been used in Russia to investigate
each new type of locomotive. The present work presents some
of the results of tests made from 1908 to 1923.

The purpose and method of testing is first explained. The
eight types of locomotives tested are then fully described, after
which the results of tests on a locomotive of the newest Russian
type are given in detail. The most important results of the
tests of the remaining types of locomotives are then given.
The final chapter illustrates the use of the experimental results
for the solution of problems of locomotive operation.
METHODS OF MEASURING TEMPERATURE.

By Ezer Griffiths. 2nd edition. Lond., Charles Griffin &
Co.; Phila., J. B. Lippincott Co., 1926. 203 pp., illus., tables,
9 x 6 in., cloth. lOs 6d.

Written for those concerned with the measurement of tem-
perature in scientific investigations or in industrial operations.
Attention is given  chiefly to the experimental basis of the

methods in general use, the calibration of the instruments and
the precautions to be observed in practice.

A connected account of the classical researches with the gas
thermometer is given. Subsequent chapters deal with the
mercury thermometer, the resistance thermometer, the thermo-
couple, the radiation pyrometer and the optical pyrometer.
References are appended to each chapter.

The changes in this edition are, in addition to the correction of
errata, chiefly in the portion on optical pyrometry.
POWER -FACTOR WASTES.

By Charles R. Underhill. N. Y., McGraw-Hill Book Co.,
1926. 326 pp., illus., diagrs., tables, 9 x 6 in., cloth. $3.50.

This discussion of power -factor wastes is intended to present
the subject from many points of view and thus to direct more
attention to their importance. It aims to acquaint those re-
sponsible for these wastes with their causes, their cost and their
cures. Many chapters are contributed by specialists on their
subjects.

PYROMETERS.
By Ezer Griffiths. Lond. & N. Y., Isaac Pitman & Sons,

1926. 126 pp., illus., diagrs., tables, 7 x 5 in., cloth. $2.25.
Intended as a connecting link between textbooks on heat

and advanced treatises on pyrometry, this little book describes
recent pyrometric apparatus, including expansion thermometers,
thermoelectric pyrometers, resistance thermometers, optical
and total radiation pyrometers. Only a few types of each class
are described, but these have been selected from outfits de-
signed to meet unusual requirements.
RAILROAD ELECTRIFICATION AND THE ELECTRIC LOCOMOTIVE.

By Arthur J. Manson. 2nd edition. N. Y., Simmons -
Boardman Publishing Co., 1925. 332 pp., illus., diagrs., tables,
9 x 6 in., cloth. $4.00.

Intended to provide information of value to those concerned
with the operation and maintenance of electric locomotives, or
interested in the general subject of railroad electrification.
Technical detail is reduced to small dimensions, but the funda-
mental units and principles of electricity are explained, the
design and construction of electric locomotives are described
and illustrated, and the solutions of a number of practical
problems incident to electrification are given. An appendix
gives a brief history of electrification in the United States.

TOPOGRAPHICAL DRAWING NOTES.
By G. P. Schubert. 2nd edition. Houghton, Mich., Michi-

gan College of Mines, 1926. 82 pp., 11 drawings & diagrs.,
6 x 9 in., cloth. $1.65.

This textbook supplements the lectures and laboratory work
in a course on topographical drawing and traverse computations
given at the Michigan College of Mines. It treats various 
methods of calculating and plotting traverses and of drawing
suitable topographic maps. The course is planned to enable
surveyors and mining engineers to do as much of this class of
work as they may be called upon to do in their regular practice.
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SECTION MEETINGS
Boston

Modern Methods of Combustion Control, by E. G. Bailey, Bailey
Meter Co. Joint meeting with A. S. M. E. April 15.
Attendance 150.

The Art of Making Good Concrete, by W. C. Voss, Portland
Cement Association; E. S. Larned, Civil Engineer, and
J. G. Ahlers, Barney-Ahlors Construction Corp. Joint
meeting. A prilY21. Attendance 228. '

Chicago
Automatic Stations and 7'heir Remote Supervision, by Chester

Lichtenberg, General Electric Co. Joint meeting with
Western Society of Engineers. May 3. Attendance 200.

Cincinnati
Modernizing Industrial Control Apparatus, by G. 0. Wilms, Allen-

Bradley Company. April 8. Attendance 84.

Cleveland
Industrial Motor Bearings from a Maintenance Point of View,

by H. G. Veit, National Malleable Castings Co.;
Large Synchronous Motors for Industrial Drives, by P. C. Jones,

Goodyear Tire and Rubber Co., and
Some Design Features of Industrial Motors, by E. E. Dreese,

Lincoln Electric Co. April 22. Attendance 93.

Connecticut
Relativity and the Einstein Theory, by W. B. Hall, Yale Univer-

sity. April 29. Attendance 65.

Denver
Operation of D -C. Motors on Direct and Alternating Curren:

Simultaneously, by Edwin Heath, University of Colorado;
Some New Developments in High -Voltage Insulators, by P. M.

Brown, University of Colorado; and
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The Application of Vacuum Tubes to Magni tie -Flux Measure -wilts, by K A. Browne. Ulii vursi \* of Colorado. April
16. Attendance 70.

Engineering in Russia, by S. M. Marshall, l'crinc and Marshall.April 22. Attendance 28.
Detroit -Ann ArborPower from Mercury Vapor, by W. L. It. Eininet, General Elee-trie Co. Illustrated by slides and motion picture. Mereli16. Attendance 200.

Inspection trip to River Rouge Plant of the Ford Motor Com-pany. April 3. Attendance 50.Power Factor, What Is It and IV hat Can lie Do About It, by E. L.Bailey, Sales Engineer. Joint meeting with Detroit Engi-neering Society. April 23. Attendance 175.
ErieOil -Electric Locomotives, by Herman Lemp, Consulting Engineer.Illustrated with slides. Joint meeting with A. S. M. E.and A. C. S. April 20. Attendance 200.

Fort WayneThe Consolidation of the Traction
Company with the Insult Proper-ties, by R. M. Fuestel, Indiana Service Corporation. Illus-trated with motion pictures. April 28. Attendance 54.Indianapolis-LafayetteThe Development of Steam Generators and Radiant Heal, byG. A. Orrok. Joint meeting with A. S. M. E. April 20.Attendance 119.

IthacaFinding and Filling Your Place in Industry, by C. R. Dooley,Standard Oil Company of New Jersey. March 15. At-tendance 200.
Lightning and High-Voltage Phenomena, by F. W. Peek, Jr.,General Electric Co. April 14. Attendance 70.The Social and Economical Aspect of Niagara Falls Power, byW. K. Bradbury. May 7. Attendance 130.

Kansas CityLight Radiations as Shown by the Spectroscope, by F. E. Johnson,Kansas University Engineering School;Loop Feeders of the Kansas City Power and Light Company, byW. 0. Edmonds, Kansas City Power and Light Co., andSuper Power by B. J. Denman, United Light and PowerCo. March 31. Attendance 48.
Lightning Protective Devices, by A. L. Atherton, WestinghouseElectric and Mfg. Co. The following officers were elected:Chairman, R. L. 'Baldwin; Secretary, S. M. DeCamp.April 30. Attendance 51.

Los Angeles
Modern Developments in Astronomical Research, by FerdinandEllerman, Mount Wilson Observatory. Illustrated. May4. Attendance 150.

Lynn
The Industrial Conditions of the Nation, by D. S. Kimball, Cor-nell University, and
The Activities of Lynn, by Hon. Ralph S. Bailer, Mayor. March20. Attendance 184.

Mexico
Maximum -Demand Meters, by Solis Payan. May 6. At-tendance 18.

MilwaukeeThe Mechanical Engineer in the Large Industries Today, by 0. A.Anderson, Armour and Company. March 17. Attend-ance 70.
The Tremendous Responsibilities Which Confront the Engineer,by Roy Wright, Vice -President, A. S. M. E. April 21.Attendance 60.

Minnesota
Transmission of Pictures over Wire, by R. D. Parker, AmericanTelephone and Telegraph Co. April 26. Attendance 150.

Nebraska
Tasks Ahead in Engineering Education, by 0. J. Ferguson, Uni-versity of Nebraska. April 9. Attendance 35.

Niagara Frontier
Automatic Train Control, by W. H. Reichard, General RailwaySignal Company. The following officers were elected:Chairman, H. B. Alverson; Secretary-Treasurer, A. W.Underhill, Jr. April 30. Attendance 42.

PhiladelphiaProgress, by L. F. Deming, General Electric Co. Illustratedwith slides. April 12. Attendance 105.

Pit tmburgli
Light/tiny, by 10. '. .Ir. Illustrated %Oils h11111,, HMI11::::(11111110.14),I,ii
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Annual Dinner, held at the Hotel Wendell. The speakers were:C. C. Chesney, President -Elect of the A. I. K.; 11. NI.Unhurt, Viee-President-Eletd in District No. I ; Harold it.Smith, Vice -President in District No. 1; E. D. Eby, Chair-man of the Pittsfield Section, and Dr..1..1. Walsh of Brook-lyn, N. Y. Entertainment was furnished by the RadioFour Quartet, the Kilowatt Orchestra an orchestra 4.0111 -posed of electrical engineers, and Barold B. May's deuceorchestra. The program was broadcast through WO V.March 30. Attendance 309.
Inspection trip to the Selteneet tidy Works of the General ElectricCompany. April 19. Al tendanee 350.

Portland
Influence of Line Voltage upon Indurtion- Motor Character-istics, by C. H. Bjorquist and II. E. Rhoads;The Effect of Three -Phase Transformer Connections on I mincedHarmonics, by D. 0. Bergey, E. E. Kearns and C. W.Leihy, and

The Characteristics of Distribution Transformers at High Over-loads, by F. C. Mueler, C. R. McLean, B. E. Plowman,0. W. Hurd and W. W. Bonar. These papers were pre-sented by senior students of the Oregon Agricultural College.A demonstration of first -aid methods was also given bymembers of the Pacific Telephone and Telegraph Co.April 9. Attendance 135.
ProvidenceFundamental Considerations of Power Limits of TransmissionSystems, by R. E. Doherty, General Electric Co. Jointmeeting with A. S. M. E. and Providence EngineeringSociety. April 8. Attendance 35.Most Recent Radio Developments, by E. L. Bowles,

MassachusettsInstitute of Technology. The following officers wereelected: Chairman, E. E. Nelson; Vice -Chairman, F. N.Tompkins, and Secretary -Treasurer, F. W. Smith. April20. Attendance 60.
San Francisco

Manufacture, Treatment and Testing of Special Alloy Steels,by G. A. Richardson. Joint meeting with A. S. M. E.,A. S. C. E. and Chemical Society. April 14. Attendance250.
Engineering Education -Its History and Prospects, by H. H.Henline, Stanford University. April 23. Attendance 80.St. LouisThe Position of Capital in the Electrical Industry, by W. A. Lay-man, Wagner Electric Corp. September 16. Attendance122.

Lightning, by E. E. F. Creighton, General Electric Co. October23. Attendance 275.
The Klydonograph and Its Application, by J. H. Cox, Westing-house Electric and Mfg. Co. November 18. Attendance102.

Engineering Research, by B. L. Newkirk, General Electric Co.December 16. Attendance 200.Long -Distance Cable Communication, by H. H. Nance, AmericanTelephone and Telegraph Co. January 20. Attendance162.
Dance. Joint with A. S. M. E. February 17. Attendance 205.Development of Electric Power Generation and Distribution, byCol. Peter Junkersfeld, McClellan and Junkersfeld. March17. Attendance 180.

Automatic Stations, by C. A. Butcher, Westinghouse Elec. &Mfg. Co. April 21. Attendance 60.
SchenectadyThe Relation between Technical and Business Training, by J. G.Callan, Harvard College of Business Administration.April 16. Attendance 350.

SeattleCost Analysis of Engineering Problems, by E. G. Champreux, ThePacific Telephone and Telegraph Co. The following officerswere elected: Chairman, C. E. Mong; Secretary-Treasurer,C. R. Wallace. April 21. Attendance 81.
SharonSteel -Mill Electrification, by G. E. Stoltz,

Westinghouse Electric& Mfg. Co. May 4. Attendance 101.

The
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Spokane
Automatic Train -Control Equipment, by R. C. Charlton, Oregon -

Washington Railroad and Navigation Co. April 23. At-
tendance 40.

Saskatchewan
Annual Meeting. The following officers were elected: Chair-

man, S. R. Parker; Secretary -Treasurer, W. P. Brattle.
April 15.

Springfield
4 utomatic and Supervisory Controlled Substation, by R. J. Wens -

ley, Westinghouse Elec. & Mfg. Co. April 20. Attend-
, ance 100.

Toronto
High -Power Laboratory of the Westinghouse Electric and Manu-

facturing Company, 'by W. R. Woodward. April 23. At-
tendance 300.

Toronto -Past and Present, by T. A. Reed. The following officers
were elected: Chairman, M. B. Hastings, Secretary, F. F.
Ambuhl. May 7. Attendance 63.

Utah
Loud -Speaker Horns, by J. V. Laird;
Electro-Chemical Reduction of Metals, by S. M. Young;
.4 Proposed Railway Electrification, by C. E. Hoffman;
Characteristics of Vacuum Tubes, by I. S. Pierson; and
Automatic Control of Substations, by A. LaMont Nelson. These

papers were furnished by students of the University of Utah.
April 28. Attendance 22.

Vancouver
Some Recent Developments in Urban 7'ronsportation, by B. M.

Lloyd, British Columbia Electric Railway Co., Ltd. April
6. Attendance 26.

Washington
Developments in Motor -Vehicle lleadlighting, by Lieut-Col.

R. E. Carlson, Bureau of Standards. The following officers
were elected: Chairman, C. A. Robinson; Vice -Chairman,
M. 0. Lloyd; Secretary -Treasurer, 1). S. Wegg. May 11.
Attendance 38.

Worcester
Electrical Reproduction of 11 usic, by H. H. Newell, Worcester

Polytechnic Institute. May 5. Attendance 80.
BRANCH MEETINGS

Alabama Polytechnic Institute
Business Meeting. The following officers were elected: Chair-

man, J. D. Stewart; Vice -Chairman, W. L. Darlington;
Secretary -Treasurer, I. L. Knox. April 21. Attendance 2'2.

The Application of the X -Ray to Industry, by Dr. Fred Allison.
May 5. Attendance 52.

University of Arizona
Power -Distribution Practise, by B. L. Jones;
Mine Lighting, by S. A. Sinclair, and
Underground Power Installation, by W. T. Wishart. April 10.

Attendance 18.
University of Arkansas

Engineering English, by Dr. Jones. November 3. Attend-
ance 32.

Natural -Period Vibration of Machinery, by Prof. Theorle, and
Equipment of a Modern Power Plant, by E. Reynolds. Novem-

ber 17. Attendance 28.
Power Distribution, by A. S. O'Bar;
Benefits of Engineering Organization, by B. A. Avery, and
Production of Casing -Head Gas, by E. T. Martin. December 1.

Attendance 28.
Carrier Wares in Telephony, by R. A. Austin, and
Economy in Modern Steam Locomotives, by F. H. Smith. Janu-

ary 19. Attendance 20.
Gas -Engine Electric Railways as Used in England, by Frank

Lane, and
Engineering Exhibit at Arkansas Slate Fair, by J. F. Toohey

February 2. Attendance 25.
Improved Methods of Combustion, by Prof. Strate. April 7.

Attendance 11.
Development and Use of Searchlights, by Russell McFarland, and
Automobile Lights, by Elmer Nichols. April 20. Attendance 14.
High -Frequency Apparatus, by E. F. Nichols. The following

officers were elected: President, Carroll Walsh; Vice -Presi-
dent, C. W. Collier; Secretary -Treasurer, W. H. Mann.
May 4. Attendance 15.

Armour Institute of Technology
Smoker. April 14. Attendance 71.
Business Meeting. The following officers were elected: Chair-

man, M. T. Goetz; Secretary, C. W. Schramm; Treasurer,
C. W. Burcky. May 6.

Brooklyn Polytechnic Institute
Motion pictures, entitled respectively "Revelations by X -Ray,"

"Endurance Tests of Induction Motors," and "Manufac-
ture of Okonite Cables," were shown. April 14. Attend-
ance 45.

California Institute of Technology
Business Meeting. April 27. Attendance 23.
Inspection trip to the Shrine Temple in Los Angeles. April 30.

Attendance 12.
University of California

Inspection trip to P. T. & T. Co. January 29. Attendance 30.
Inspection trip to G. &. E. Co. Broadcasting Station KGO.

February 9. Attendance 45.
Inspection trip to P. T. & T. Co. March 17. Attendance 25.
Business Meeting. April 14. Attendance 31.

Case School of Applied Science
The .1 ppliealion of Carbon Products to Industry, by P. D. Man-.

beck, National Carbon Co., Inc. April '27. Attendance 38.

Catholic University of America
Radio, by B. .1. Krueger. Illustrated with slides. April 22.

Attendance 21.
University of Colorado

Operation of a Series Motor with .1-('. and D -C. Simultaneously,
by Edwin Heath;

High -Voltage Insulators, by P. M. Brown. Illustrated with
slides.

The Measurement of Magnctic Flux by the Use of the Vacuum Tube,
by Kenneth Brown. April 16. Attendance 50.

University of Florida
Construction and Operation of Gas -Electric Busses, by F. P. Dean,

and
Early Development of Steam Engine, by G. C. Robertson. April

26. Attendance 15.
Georgia School of Technology

Business Meeting. The following officers were elected: Presi-
dent, W. M. NteGraw; Secretary -Treasurer, F. L. Kaestle.
April 20. Attendance 45.

State University of Iowa
The Selenium Cell and Its Uses, by A. J. Plath. and
The Cathode -Ray Oscillograph, by R. B. Prunty. April 14.

Attendance 34.
Wind Power, by Theo. Van Law;
Atomic -Hydrogen Arc Welding, by R. C. Van Ness, and
Insulating Materials Used in Transformers, by R. H. Perry.

April 21. Attendance 33.
A motion picture, entitled "Coal is King," was shown. April

28. Attendance 35.
Patent Laws, by G. Gunderson, and
110 -Volt Filamentless Vacuum Tube, by N. Jensen. May 5.

Attendance 36.
Kansas State College

The Theory of Electrostatic and Electromagnetic Fields, by E. R.
Lyons. January 12. Attendance 83.

Synchronous Machinery and Equipment, by E. S. Henningsen,
General Electric Co. March 4. Attendance 98..

Growth of Utilities, by Arthur Groesbeck, United Light and Power
Corp. April 12. Attendance 72.

Public -Utility Publicity, by H. W. Davis. Apri127. Attend-
ance 55.

Lafayette College
Talks were given by C. L. Craven and P. 0. Farnham. March

31. Attendance 21.
Inspection trip to Lehigh Telephone Company's Central Station

in Easton, Pa. April 7. Attendance 20.
The Use of Compressed Air in Industry, by A. H. Taylor, Inger-

soll-Rand Co. April 28. Attendance 21.
Lehigh University

Some Problems of the Electrical Industry, by L. W. W. Morrow,
Managing Editor, Electrical World, and
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Journal A. I. K. K.Organization and Operation of 4 Public Utility, by ('has. Zug,Jr., student. March 11. Attendance 49.Recent Developments in Electric Traction, by J. 1). Alrieb, GeneralElectric Co. A motion picture, entitled "Electrilleation ofthe Mexican Railroad," was shown. April 15. Attend -alive 66.

Lewis InstituteThe Use of Mercury -Arc Rectifiers in Substations, by R. B.Freston. April 30. Attendance 18.
Massachusetts Institute of TechnologyThe Outlook for the Electrical Engineer Now in College, by Dr.E. W. Wickenden, Society for the Promotion of EngineeringEducation. April 23. Attendance 22.

University of MichiganA film, showing the Okonite method of manufacturing insulatedwires and cables, was shown. April 26. Attendance 30.School of Engineering of MilwaukeeStanding Waves at Ultra -Radio Frequencies, by Ben Chromy.A motion picture, entitled "White Coal," was shown.April 20. Attendance 41.Inspection trip to the Nash Motors Corporation. April 28.Attendance 40.
Motion pictures, entitled "The Audion" and "The Go -Getter,"were shown. May 11. Attendance 25.

University of MinnesotaThe Application of Synchronous Machines, by C. W. PlaceGeneral Electric Co. March 9. Attendance 75.
Montana State CollegeDiesel -Electric Drive for Dredges, by B. W. Crowell, andLighting -Generator Research, by R. K. Frazier. April 8. At-tendance 159.

The Graduate Engineer and His Relation to the Industries, byMr. Caples, The Anaconda Copper Mining Co. April 12.Attendance 172.
Modernized Dipping and Baking, by S. Thompson, andElectric Refrigeration, by H. F. Dehler. May 6. Attendance 147.

University of Nevada
Business Meeting. The following officers were elected: Presi-dent, George Fairbrother; Secretary-Treasurer,Fort. April 26. Attendance 20.

College of the City of New YorkInspection trip to Interborough Power Plant. March 30.Attendance 23.
Electric Wave Filters, by A. Granich, Bell Telephone Laboratory.Illustrated with slides. April 22. Attendance 41.Business Meeting. May 6. Attendance 13.

New York UniversityBusiness Meeting. October 15. Attendance 21.Opportunities for the Electrical Engineering Graduate, by Dr. L. L.Arnold. October 29. Attendance 28..Business Meeting. November 13. Attendance 32.Distortion in Radio Receiving Sets and Loud Speakers, by A.Senauke. December 11. Attendance 19.Turbo -Alternators, by J. Hemingson, General Electric Co.January 15. Attendance 42.
Business Meeting. April 20. Attendance 21.
Distortion Causes in Audio -Frequency Amplifiers, by AlexanderSenauke, Popular Science Radio Laboratory. April 22.Attendance 27.

University of North CarolinaThe Automatic Telephone, by J. C. Fred, student. February 25.Attendance 31.
A -C. Measurements with the Electron Tube, by J. D. Finklea.March 8. Attendance 26.
The Power Possibilities of Muscle Shoals, by H. C. Klingenschmitt.April 1. Attendance 28.
Interesting Phases of the Electrical Engineering Profession, byT. J. McManis, General Electric Co. Illustrated withslides. April 26. Attendance 54.

University of North Dakota
Electrification of the Virginia Railroad, by Leonard Dagen;The Electrical Stethophone, by Thore Hawk, andThe Life of Michael Faraday, by H. W. Augustadt. April 19.Attendance 17.

Northeastern University
Inspection trip to the Simplex Wire and Cable ( 'willowy. April2. Attendance
Dangers of Electrical Shocks, by A. E. Keen elly, Harvard Uni-versity. April 29. Attendance 6-1.

Ohio Northern UniversityBusiness Meeting. October 1-1. Attendance 47.Protective Apparatus, by Mr. Roth. November 19. Attend-ance 22.
Business Meeting. January 20. Attendance 23.The Application of Electric Power to Auxiliary Drives in Centro!Stations, by Prof. 1.1S. Campbell. April 14. Attendance 20.The Application of the Compound -Interest Formula to the VariousSciences, by Prof. Whitted. April 28. Attendance 21.

Ohio State University
A motion picture, entitled "Wizardy of Wireless," was shown.April 30. Attendance 112.
Opportunities for Engineers in Public -Utility Work, by E. C.Stone, Duquesne Power and Light Co. Joint meeting withA. S. M. E. May 7. Attendance 52.

Oklahoma Agricultural and Mechanical CollegeBusiness Meeting. October 21. Attendance 66.The Telephone Business, by Mr. Boone. Four reels of motionpictures were shown. April 21. Attendance 68.
University of Oklahoma

How To Lose Your First Job, by F. G. Tappan. April 15.Attendance 23.
Oregon State Agricultural CollegeThe Influence of Line Voltage upon Induction -Motor Character-istics, by C. H. Bjorquist and H. E. Rhoads;

The Effect of Three-Phase Transformer Connections on InducedHarmonics, by D. 0. Bergey, E. E. Kearns and C. W.Leihy, and
The Characteristics of Distribution Transformers at High Over-loads, by F. C. Mueller, C. R. McLean, B. E. Plowman,0. W. Hurd and W. W. Bonar. Illustrated with slides.April 9. Attendance 56.

Pennsylvania State CollegeElectric Locomotives, 0. K. Harlan. Illustrated with slides.Joint meeting with A. S. M. E. March 3. Attendance 60.Smoker. The following officers were elected: President,F. F. Wilkins; Vice -President, E. H. Basehore; Secretary,E. Huggler; Treasurer, M. I. Allen. April 28. Attend-ance 45.
University of PennsylvaniaAfter College, What?, by C. K. West, General Electric Co., andC. H. Wellerjean,

Westinghouse Electric and Mfg. Co.February 25. Attendance 62.
Business Meeting. April 14. Attendance 45.

University of Pittsburgh
Crystal Control of Radio Frequencies, by F. C. Hartman, student,and
Experiences at National Tube Co., by G. M. Jarrett, student.March 5. Attendance 24.
The Liberty Bridge, by V. R. Covell, Bureau of Bridges of Alle-ghany County. March 12. Attendance 24.George Westinghouse, by D. G. Nesbit, student, andRailroad -Signal Control, by Chas. Caveny, student. March 19.Attendance 28.

Opportunities with The Duquesne Light Co., by W. F. Young.March 26. Attendance 28.
Homestead Steel Company, by A. S. Brown. April 9. Attend-ance 25.
Industrial Engineering, by L. P. Alford. April 16. Attend-ance 26.
Talks by H. J. A. Cramer and E. E. Muerer, students. April23. Attendance 26.
Talks by E. H. Powell and J. J. Pfeiffer, students. April 30.Attendance 26.

Purdue UniversityThe World of Paper, by P. Y. Tumey, General Electric Co.Illustrated with slides and motion pictures.Switchboards, by C. C. Adams, General Electric Co. April 13.Attendance 100.
Westinghouse -The Institution, by Prof. L. D. Rowell. April27. Attendance 35.
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Rensselaer Polytechnic Institute
Modern Induction Furnaces, by J. A. Seede, General Electric Co.,

and
The Design and Operation of Electric Furnaces, by F. W. Brooke,

William Swindell and Bros. April 20. Attendance 65.
Rhode Island State College

Stresses in High -Speed Turbines, by Professor Brown. March 29.
Attendance 21.

Rutgers University
Finances of the Light and Power Industry, by Mr. Siddons, stu-

dent, and
The Treating of Telephone and Telegraph Poles, by Mr. Miller,

student. April 19. Attendance 19.
South Dakota State School of Mines

Business Meeting. April 1. Attendance 11.
University of Southern California

The Duties of a Power Salesman, by Mr. King, Los Angeles
Bureau of Power and Light, and

The Application of Electricity to the Oil Industry, by Mr. Wade.
April 15. Attendance 37.

Stanford University
The Pit River Development of the Pacific Gas and Electric Co.,

by E. A. Crellin. Illustrated with slides. April 20. At-
tendance 26.

Business Meeting. May 4. Attendance 21.
Stevens Institute of Technology

A motion picture, entitled "Speeding Up Deep -Sea Cables," was
shown. A short talk was also given by Lincoln Walsh,
student. April 15. Attendance 74.

A film, illustrating the applications of the gyroscope, was shown.
a demonstration of the properties of the gyroscope by means
of a small model was also given by L. G. Walsh, student.
The following officers were elected: Chairman, D. B.
Wesstrom; Secretary, Gene Witham. May 4. Attend-
ance 110.

Swarthmore College
Business Meeting. April 15. Attendance 30.

Syracuse University
A motion picture, entitled "Power," was shown. April 12.

Attendance 19.
Automatic Railway Substations, by W. H. H. Wilkinson. April

19. Attendance 19.
Agricultural and Mechanical College of Texas

Electrical Show, produced by the students. In connection with
the show the Southwestern Bell Telephone and Telegraph
Company held a pageant showing the development of the
telephone for the last 50 years. April 10. Attendance 1000.

Problems of Independent Telephone Companies of Today, by R. B.
Still, Association of Independent Telephone Companies of
Texas. May 7. Attendance 84.

University of Texas
A motion picture on Automatic Substation Control was shown.

April 8. Attendance 23.
Business Meeting. April 22. Attendance 8.

Virginia Military Institute
The Socket Power Supply for Radio Receivers, by W. R. Noble.

Motion picture, entitled "The Queen of the Waves," was
shown. December 22. Attendance 19.

A motion picture, entitled "The King of the Rails," was shown.
February 15. Attendance 47.

University of Virginia
Motion pictures, entitled "The King of the Rails," and "The

Panama Canal," were shown. April 19. Attendance 16.
Communication from Moving Trains, by Jean Roberts. Motion

pictures, entitled "The Go -Getter," and "The Queen of the
Waves," were shown. May 3. Attendance 20.

University of Washington
The Design of Telephone Pole Lines, by Mr. Freed, Pacific Tele-

phone and Telegraph Co. April 7. Attendance 22.
Worcester Polytechnic Institute

The Telephone, by Captain J. C. Fair, New England Telephone
and Telegraph Co. April 21. Attendance 28.

iiiiiii

Engineering Societies Employment Service
p.a../
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Under joint management of the national societies of Civil. Mining, Mechanical and Electrical Engineers cooperating
with the Western Society of Engineers. The service is available only to their membership, and is maintained as a coopera-
tive bureau by contributions from the societies and their individual members who are directly benefited.

Offices: -33 West 39th St., New York, N. Y., -W. V. Brown, Manager.
53 West Jackson Blv'de., Room 1736, Chicago, Ill., A. K. Krauser, Manager.
57 Post St., San Francisco, Calif., N. D. Cook, Manager.

MEN AV AI LABLE.-Brief announcements will be published without charge but will not be repeated except upon
requests received after an interval of one month. Names and records will remain in the active files of the bureau for a
period of three months and are renewable upon request. Notices for this Department should be addressed to
EMPLOYMENT SERVICE, 33 West 39th Street, New York City, and should be received prior to the 15th of
the month.

OPPORTUNITIES. -A Bulletin of engineering positions available is published weekly and is available to
members of the Societies concerned at a subscription rate of $3 per quarter, or $10 per annum, payablein advance. Posi-
tions not filled promptly as a result of publication in the Bulletin may be announced herein, asformerly.

VOLUNTARY CON TRI BUTIONS.-Members obtaining positions through the medium of this service are
invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty daysafter
placement, on the basis of $10 for all positions paying a salary of $000 or less per annum; SW plus one per cent of all
amounts in excess of $000 per annum; temporary positions (of one month or less) three per cent of total salary received.
The income contributed by the members, together with the finances appropriated by the four societies named above, will
it is hoped, be sufficient not only to maintain, but to increase and extend the service.

REPLIES TO AN NOUNCE MENTS.-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 attached for reforwarding, and forwarded
to the Employment Service as above. Replies received by the bureau after the positions to which they refer have been
filled will not be forwarded.

POSITIONS OPEN
ELECTRICAL SWITCH DESIGNER, for

automatic control of direct- and alternating -
current motors. Opportunity. Apply by letter
stating technical training, experience, age and
required salary. Location, New York City.
R-9039.

.ELECTRICAL ENGINEER GRADUATES,
two, with several years' experience, for distribu-
tion department of large public utility. Op-
portunity to enter commercial sales department.
Experience in overhead distribution layout and

estimating desirable. Opportunity. Apply by
letter with complete details of age, education,
training, experience and salary desired with
recent photograph. Location, Middle Atlantic.
R -9727-C.

INSTRUCTOR, electrical engineering gradu-
ate, under 30, to instruct in lecture room and
laboratory educational department of large
eastern public utility. Some experience in
pedagogy and the electrical industry essential.
Apply by letter, stating education, experience,
age, salary expected, and other details. Location,
New York City. R-9068.

MEN AVAILABLE
1925 GRADUATE ELECTRICAL ENGI-

NEER, Georgia Tech., age 24, sales and business
experience. Desires position with possibilities for
advancement with public utility or electrical
contracting company. Location, preferably
Florida or Georgia. C-2004.

PLANT ENGINEER, MECHANICAL
SUPERINTENDENT OR MASTER ME-
CHANIC, mechanical engineer, age 40, with
fifteen years' experience in the above, desires an
opening with a progressive concern. Prefers
location in Eastern or Central states. C-1182.
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KLEIN, FR RNAND A., Rngiiu't.', Public ServiceElectric & Gas Co., MO 141x1, Pive, Newark,N. J.
KOTII AltE, N1AHADES 11A P .11, Chief Engi-neer, Broach Electric Supply & Development

Corp., Ltd., Broach, India.
KOVALSICY, JOSEPH PRANK, Electrical En-gineer, Control Engg. DNA WestinghouseElec. & Mfg. Co.. East Pittsburgh; res.,Swissvale, Pa.
KOVEDIAEFF, BORIS E., 1018 W. 73rd St.,Los Angeles, Calif.
KUPPERLE, ARTHUR TROMMEIt, Instru-ment Repair Man, Meter Laboratory, UnionGas & Electric Co., 1107 Plum St., Cincin-nati, Ohio.
LAMANTIA. JOACHIM C., Student, Brooklyn

Polytechnic Institute, Brooklyn; res., NewYork. N. Y.
LAPPIN, JOHN L., Electrical Draftsman, Gen-eral Electric Co., 5 Lawrence St., Bloomfield.N. J.
LAUTH, EDWIN HARRY, Electrical Engineer,Street Lighting Section, City of St. Louis,

City Hall, St. Louis, Mo.
LEWIS. FRANK M., Plant & Engg. Dept.,

Northwestern Electric Co., Portland, Ore.LONGY, VINCENT, Resident Electrical En-
gineer, British Engine, Boiler & Electrical
Insurance Co., Ltd., Barcelona, Spain.

MANNING, EDWARD RALPH, Sales Engineer,
Weston Electrical Instrument Corp., 50
Church St., New York, N. Y.; res., Bayonne,N. J.

MARKOVITS, JOSEPH ARPAD, Draftsman,
Westinghouse Elec. & Mfg. Co., 432 Meek
St., Sharon, Pa.

MARSHALL, ARMOND EDWIN, Electrical
Draftsman, The Philadelphia Electric Co.,
23rd & Market Sts., Philadelphia, Pa.

MARTIROSIAN, MICHAEL M., Student,State College of Washington, Pullman,
Wash; res., New York, N. Y.

McCULLOCH, HAROLD, Asst. ElectricalEngineer, Hydro -Electric Dept.. Hobart,Tasmania.
McGINNIS, NEIL W., Chief Electrician, Para-

flne Co.'s, Inc., Vernon & Santa Fe Ayes.,
Los Angeles, Calif.

McGRATH, MARTIN HAGER, Research
Laboratory Standard Underground Cable
Co., 17th & Pike Sts., Pittsburgh, Pa.

McINTYRE, ROBERT JOSEPH, Asst. Service
Manager, Gray Electro Chemical Laboratory,
9-11 W. 20th St., Bayonne; res., Jersey City,
N. J.

*McKEO'N, JOHN BRICHER, Cadet Engineer,
Elec. Dept., Rochester Gas & Electric Corp.. -
Rochester, N. Y.

MILNE, KENNETH HARVEY, Commonwealth
Power Corp., Jackson, Mich.

MIMMACK, ARTHUR, City Electrician, Engg.
Dept., City Hall, Beverly Hills; res., West
Hollywood, Calif.

MORORO, DORGIVAL GONCALVES, 3100
North Grand Blvd., St. Louis, Mo.

MOSS, JOHN E., Electrician, West Penn Power
Co.. Washington, Pa.

MURPHY, JOHN ANSON. Asst. to Elec. Supt.,
McClellan & Junkersfeld, Inc., St. Louis, Mo.

*NEMETZ. VICTOR W., Electrical Engineer,
Commonwealth Power Corp., Jackson, Mich.

NERGES, FRANK ANTHONY, Electrician.
U. S. N., U. S. S. Owl No. 2, N. 0. B., Hamp-
ton Roads, Va.

NIXON, JOHN HUMPHREY RUSSELL,
Electrical Machine Designer, Messrs. Brush
Elec. Engg. Co., Ltd., Falcon Works, Lough-
borough, Leicestershire, Eng.

NOGUCHI, KOJU, Member of Research Staff,
Mitcubishi Research Laboratory, 29 Kami-
fujimaecho, Komagome, Hongo, Tokyo,
Japan.

O'SHEA, M. VINCENT, Ja., 529 N. Pinckney
St., Madison, Wis.

OVERFIELD, G. BRYAN, Sales Engineer,
Burke Electric Co., 12th & Cranberry Sts.,
Erie, Pa.

*PA NTON , HARRY A.. Engineer, Buffalo
General Electric Co., Electric Bldg.. If ilflulo.N.Y.

PA MA yurris, (iEoltlili N., Proprietor, Book -
News & Novelty Co 852 Penn St., Reading.
Pu.

PATEL, DAHYABH AI BAKoltlifiAl, Research
Work, Indian Electrical Prol items, c /I)
Brown Hover' & Co., Baden, Switzerland.PETE USE N, HENRY N., Load Dispatcher,
Great Western Power Co. of California,
3729 Park Blvd., Oakland, Calif.

PETERSON, JOHN REYNOLD, Radio Inter-
ference Inspector, Western Union TelegraphCo., 40 Geary St., San Francisco, Calif.

PETTIT, ZACHARY T., Underground Electrical
Engineer, Los Angeles Gas & Electrical Corp.,
810 S. Flower St., Los Angeles; res., San
Gabriel, Calif.

PHELPS, MERRICK W., Dist. Manager,
Pittsburgh Transformer Co., 001 Electric
Bldg., Buffalo, N. Y.

PHILIPSON, RALPH E., Designer, Electric
Bond & Share Co., 65 Broadway, New York.N. Y.

*PYLE, ALBERT JOCELYN, Instructor, Elec.
Engg., Moore School of E. E., Univ. of
Penna.. Philadelphia, Pa.

RAGG, FRED C., Electrical Engineer, Textile
Dyeing Co. of America, Paterson, N. J.

RANSFORD, HERBERT EARL, Sales Engi-
neer, Henry N. Muller Co., 812 Westinghouse
Bldg., Pittsburgh, Pa.

REIFSNYDER, SIDNEY EARLE, Supt. of
Construction, Chas. Cory & Son, Inc., 15th &
Venango Sts., Philadelphia, Pa.

REILLY, FRANCIS JOSEPH, Sales Engineer,
Tork Co., 8 West 40th St., New York, N. Y.

ROBINSON, JOHN WILLIAM, Instrument
Maker, Leeds & Northrup Co., 4901 Stenton
Ave., Philadelphia, Pa.

RODGERS, KARL F., Member, TechnicalStaff, Bell Tel. Laboratories, Inc.. 463 West
St.. New York, N. Y.

ROSS, RAYMOND W., Drafting & Designing
Dept., Leeds & Northrup Co., 4901 Stenton
Ave., Philadelphia, Pa.

ROYERE, JEAN EUGENE, Plant Operator,
Electrical Testing Laboratories, 80th St. &
East End Ave., New York, N. Y.

*SAMSON, DAVID FORSYTH, Electrical
Contracting, 71 Chestnut St., Branford,Conn.

SCANLON, DALE LESTER, Electrical Fore-
man, Chile Exploration Co., Chilex, Chu-
quicamata, Chile, S. A.

SCHMELTZER, CAESAR FREDERICK,
Specification Draftsman, CommonwealthEdison Co., 72 W. Adams St., Chicago;
res., Cicero, Ill.

SCHOLZ, CHARLES BRADFORD, PlantEngineer, Interstate Utilities Co., 424Hutton Bldg., Spokane, Wash.
SCHROEDER, EDWARD H., Division Supt.,Installation Dept., Western Electric Co.,

Inc., 1505 Race St., Philadelphia, Pa.
SCOTT, THOMAS WEBB, Signal Supervisor,

Baltimore & Ohio Railroad. Connellsville, Pa.
SISKIND, ROBERT PEER, Research Assistant,

Elec. Engg. Dept., Harvard Engineering
School, 204A Pierce Hall, Cambridge; res.,
Brookline, Mass.

SMITH, HAROLD L., Student Engineer, South-
ern Ontario Gas Co., Merlin, Ont., Can.

SNOW, HOWARD BARTLEY, Asst. Engineer,
Public Service Production Co., 80 Park Place,
Newark, N. J.

SNYDER, FRANKLIN L., Engineer, Trans-
former Engg. Dept., Westinghouse Elec. &Mfg. Co., Sharon; res., Sharpsville, Pa.

SPECTOR, BARUCH, Transformer Draftsman,
'Westinghouse Elec. & Mfg. Co., Sharon, Pa.
SPENCER, RIPLEY M.. Electrical Inspector

Los Angeles Gas & Elec. Co., 725 Channing
St., Los Angeles, Calif.

STEEB, GEORGE, Asst. to Supt., Niagara
Lockport & Ontario Power Co., Gardenville,N. Y.

STE I N NI k I.TE It, Distributor, XItay
& Electro N .11t, 253 Alexander
St., Rorie,' r N V.

STEVEN s, I. Itl) JAM Es, Jot.. Itimpeetor.
I;nrie) I. co., Inc., 300 )011 A1.
Nr-%% 1 r or 1,, N .1

14'1'1N:4(1N, MALI 'I )I,N1 .1():03.11,
tor & PON Dirt.1.1 NI (MI 1 Hi, Pukter
Station, Ute-,k-,%ille. 1.-s., NO1'1%

ST U 11 It S, WA LT ER W., E leetrieal Repairman,
Champion Coated Paper Co., Hamilton,

SZ A PPA N 1'oS, A LE XAND IOC Draftsman,
hugs. Dept., Westinghouse Elec. & Mfg. Co.,
Sharon, Pa.

THOMAS, 1%(A,e4iLtli'nHgliE0111)wWIEN,itq,CoannNeirtfgial En -

1535 6th St., Detroit. Nile!).
THOMPSON. WILLIAM SCOTT, Field En-

gineer, Michigan Bell Telephone Co., 1305
Cass Ave., Detroit, Mlch.

TRACEY, FRANK S., Manager & Treasurer,
Lockport & Newfane Pr. & Water Supply
Co., 16 State St., Middleport, N. Y.

TRACY, GORDON FREDERICK, Instructor,
Elec. Engg. Dept." University of Wisconsin,
Madison, Wis.

TRAINOR. JOHN FRANCIS, Electrical In-
spector, Underwriters Laboratories, 40 Cen-tral St., Boston; res., Fall River, Mass.

TURNER, WILLIAM FISHER, Employment
Interviewer, Brooklyn Edison Co., Inc.,
360 Pearl St., Brooklyn, N. Y.

WAGNER, VIRGIL CESAIRE, Electrical Esti-
mator, FiSchbach & Moore, Inc., 222 E. 42nd
St., New York; for mail, Astoria, N. Y.

WASHBURN, JOHN C. B., Right -of -Way Dept.,
Narrangansett Electric Lighting Co., Provi-
dence; res., East Greenwich, R. I.

WATLING, ROBERT GROVER, Engineer,
Plant Dept., Southern California TelephoneCo.. 433 S. Olive St., Los Angeles; res.,
Glendale, Calif.

WATSON, H. KENNETH, Draftsman, Engg.Dept., Westinghouse Elec. & Mfg. Co.,Sharon, Pa.
*WEINER, LOUIS, Anaconda Sales Co., 25

Broadway, New York. N. Y.
WEITZMAN, HARRY A., Penn Public Service

Corp., Johnstown, Pa.
WESTBROOK, JOSEPH A. ALBERT, Engi-neer, Street Cable Div., Commonwealth

Edison Co., 72 W. Adams St., Chicago, Ill.
WILLIAMS, GEORGE SETH. Vice -President &

General Manager, Central Maine Power Co.,
317 Water St.. Augusta. Me.

WILLIARD, JOHN ANDREW, Electrical De-
signer, Philadelphia Electric Co., 1035 Chest-
nut St., Philadelphia, Pa.

*WI SSMANN. JOSEPH THEODORE, Receiv-
ing Engineer, Radio Corp. of America, River-
head, N. Y.

WOMER, CLAUDE EMORY, Supt. of Equip-
ment, Shamokin -Mt. Carmel Transit Co.,
Mt. Carmel, Pa.

WOODS, OSBORNE BAKER, Senior Operator.
Newfoundland Power & Paper Co., Deer
Lake, Newfoundland.

YOUNT, L. E., Asst. Manager, Western Radio.
Inc., 1224 Wall St., Los Angeles, Calif.

ZEPLAIEV, PAUL PETER, Teacher, Elec.Engg. Dept., Polytechnic Institute of
Leningrad, Leningrad, Russia.

ZIELINSKI, HEINZ, Draftsman-designer, Kny-
Scheerer Corp. of America, 119 7th Ave.,
New York, N. Y.; res., Sharon, Pa.

ZIMMERMAN, EUGENE FREDERICK, Stu-
dent Engineer, Southwestern Bell Tel. Co.,
5 101

*Formerly

Bldg., St. Louis, Mo.
Total
*Formerly Enrolled Students.
ASSOCIATES REELECTED MAY 21. 1926
CRANSTON, ROBERT W., Supt. Substations,

West Penn Power Co., 14 Wood St., Pitts-
burgh, Pa.



June 1926
INSTITUTE AND RELATED ACTIVITIES 603

FLESHIEM, ROBERT STEPHENSON, Asst.
Manager, Elec. Dept., Allis-Chalmers Mfg.

Co., Milwaukee, Wis.
MAHOOD, EDWIN TERRELL, Valuation

Engineer, Southwestern Bell Telephone Co.,
569 Boatman's Bank Bldg., St. Louis, Mo.

MEMBER REELECTED MAY 21, 1926

SIMPSON, FRANK, Treasurer, The Collier -
Simpson Co., 500 East 102nd St., Cleveland,
Ohio.
MEMBERS ELECTED MAY 21, 1926

ALLEN, THOMAS SIMMONS, Engineer,
Allis-Chalmers Mfg. Co., 3421 Sycamore St.,
Milwaukee, Wis.

BARNARD, GLENN HARRISON, Manager,
Marine Sales & Philadelphia Dist. Office,
Electro-Dynamic Co., Bayonne, N. J.

BECKETT, WILLIAI4, Asst. Engineer, Dept.
of Development, Georgia Railway & Power
Co., Atlanta, Ga.

BURRI, JOSEPH JOHN, Supt. of Distribution,
Staten Island Edison Corp., Staten Island,
N. Y.

CASTER, JOHN HERBERT, Dist. Engineer,
Hydro -Electric Power Commission.ofOntario,
190 University Ave., Toronto. Ont., Can.

FLORY, A. C., Manager, Steam Turbine Dept.,
Allis-Chalmers Mfg. Co., Milwaukee, Wis.

HARVEY, ARTHUR FREDERIC, Asst. En-
gineer of Electrification, Central Argentine
Railway, Victoria, F. C. C. A., Argentina,
S. A.

HOADLEY, HERBERT EUGENE, Distribu-
tion Supt., The Ohio Public Service Co.,
Warren, Ohio.

LEWIS, HAROLD G., Springfield Service
Manager, Westinghouse Elec. & Mfg. Co.
395 Liberty St., Springfield, Mass.

McLEAN, JAMES SINCLAIR, Construction
Supt., The J. G. White Engineering Corp.,
43 Exchange Place, New York, N. Y.

SCHOLZ, CARL E., Chief Engineer, Federal
Telegraph Co., Palo Alto, Calif.

SPELLMIRE, WALTER B., Manager, General
Electric Co., 1307 Oliver Bldg., Pittsburgh
Pa.

THOMAS, WILLIAM ANDREW, 3rd Radio
Engineer, Sonora Phonograph Co., Inc.,
279 Broadway, New York; res., Brooklyn,
N. Y.

THOMSON, OSCAR ROLAND, Asst. Supt.,
C. 0. S., Hydro -Electric Power Commission
of Ontario, Belleville, Ont., Can.

TRETJAK, GREGORY TIMOTHY, Teacher,
Elec. Engg. Dept., Electrotechnical Institute,
Pessotchnaya 5, log. 6, Leningrad, Russia.

UPP, JOHN W., JR., Electrical Engineer, Ohio
Brass Co., Mansfield, Ohio.

WILLISON, JOHN WRIGHT, Supt., Yorkshire
Electric Pr. Co., 36 Park Place, Leeds,
Yorkshire, Eng.
FELLOW ELECTED MAY 21, 1926

KLOSS, MAX, Prof. of Elec. Engg., Technische
Hochschule. Charlottenburg; for mail, Berlin-
Nikolassee, Germany.

TRANSFERRED TO GRADE OF FELLOW
MAY 21, 1926

DWIGHT, HERBERT BRISTOL, Professor,
Massachusetts Institute of Technology,
Cambridge. Mass.

H El NZE, CARL A., Electrical Engineer in
charge of Distribution, Department ofWater
& Power, City of Los Angeles, Los Angeles,
Calif.

OE H LER, ALFRED G., Editor - Railway
Electrical Engineer, Electrical Editor -
Rahway Age, New York, N. Y.

TRANSFERRED TO GRADE OF MEMBER
MAY 21, 1926

ANDERSON, EDWARD T., Electrical Engineer,
Board of Water & Electric Light Commission-
ers, Lansing, Mich.

BACKUS, CYRUS I)., Principal Examiner,
U. S. Patent Office, Washington, D. C.

BOHNERT, ARTHUR M., District Engineer,
Ohio Brass Co., San Francisco, Calif.

BOLLINGER, HOWARD M., Supervisor of
Plant Methods, Chesapeake & Potomac
Telephone Co., Washington, D. C.

BROCKWAY, R. M., Engineer, Switchboard
Dept., General Electric Co., Schenectady,
N. Y.

CARPE, ALLEN, Engineer, Dept. of Develop-
ment & Research, American Telephone &
Telegraph Co., New York, N. Y.

CLAPP, ROBERT H., Telegraph Engineer,
American Telephone & Telegraph Co., New

York, N. Y.
COLBURN, WELLEN H., Electrical Engineer,

Station Engineering Dept., Edison Electric
Illuminating Co. of Boston, Boston, Mass.

FINCH, WILLIAM G. H., Radio Editor and En-
gineer, International News Service, New
York, N. Y.

GIBSON, E. S., Telephone Engineer, Bell Tele-
phone Laboratories, New York, N. Y.

JACKSON, DUGALD C., JR., Asst. Professor of
Electrical Engineering, Trinity College,
Durham, N. C.

RAMIREZ, JAVIER P., Consulting Engineer,
Professor Escuela de Ingenieros Mecanicos
Electricistas, Mexico City, Mex.

RORTY, M. C., President, International Tele-

phone Securities Corp. - Vice -President,
International Tel. & Tel. Corp., New York,
N. Y.

SAATHOFF, GEORGE W., Chief Construction
Engineer, Henry L. Doherty & Co., New
York, N. Y.

SPORN, PHILIP, Assistant to Electrical En-
gineer, American Gas & Electric Co., New
York, N. Y.

SPRACKLEN, EMERY E., Electrical Engineer
in charge of Design, Ohio Public Service Co..
Massillon, Ohio.

TAYLOR, NEWTON S., Manager, Switchboard
Section Westinghouse Elec. & Mfg. Co.,
East Pittsburgh, Pa.

WHIPPLE, CLYDE C., Asst. Professor of Elec-
trical Engineering, Polytechnic Institute,
Brooklyn, N. Y.

RECOMMENDED FOR TRANSFER
The Board of Examiners, has recommended

the following members for transfer to the grade
of membership indicated. Any objection to
these transfers should be filed at once with
the National Secretary.

To Grade of Fellow
FONDILLER, WILLIAM, in charge, General

Development Laboratory, Bell Telephone
Laboratories, New York, N. Y.

HUBLEY, GEORGE W., Consulting and
Advisory Engineer, Louisville, Ky.

STRENG, LEWIS S., Vice -President in charge of
Operation, Louisville Gas & Electric Co.,
Louisville, Ky.

To Grade of Member
AMES, NORMAN B., Assistant Professor of

Electrical Engineering, George Washington
University, Washington, D. C.

BAILEY, RAYMOND, Chief Electrical De-
signer. Philadelphia Electric Co., Philadel-
phia, Pa.

CELIS, ATILIO, Manager -Engineer, San Juan
Office of International General Electric Co.,
Inc., San Juan, P. R.

CHADWICK, RALPH H., Section Head,
Transformer Engineering Dept., General
Electric Co., Fort Wayne, Ind.

CLEARY, LEO II., Electrical Engineer, Standard
Engineering Co., Washington, D. C.

EDISON, OSKAR E., Associate Professor of
Electrical Engineering, University of
Nebraska, Lincoln, Nob.

FEDER, JOSEPH B., Electrical Engineer,
Chas. Cory & Son, Inc., New York, N. Y.

GARRISON, DWIGHT, Supt., Telephone Dept.,
Atlantic Refining Co., Philadelphia, Pa.

GAYLORD, JOHN C., Electrical Engineer'
Southern California Edison Co., Los Angeles,

Calif.
GORDON, LESLIE B., Chief Electrical and

Power Engineer, Kelly -Springfield Tire Co.,
Cumberland, Md.

HALPENNY, R. H., Electrical Engineer,
Southern Sierras Power Co., Riverside, Calif.

HAMILTON, JAMES T., Supt. of Equipment,
New York, Westchester & Boston R. R., New
York & Stamford Ry. Co., Westchester
Street Ry. Co., New York, N. Y.

HECHT, J. BERNARD, Outside Plant Engineer,
Tri-State Tel. & Tel. Co., St. Paul, Minn.

HESTER, EDGAR A., Transmission Planning
Engineer, Duquesne Light Co., Pittsburgh,
Pa.

HOWK, CLARENCE L., Telephone Engineer,
International Standards Electric Corp.,
New York, N. Y.

KARCHER, E. KENNETH, Chief Electrical
Engineer, Utica Gas & Electric Co., Utica,
N. Y.

KENNEDY, S. M., Vice President, Southern
California Edison Company, Los Angeles.

Cal.
APPLICATIONS FOR ELECTION

Applications have been received by the Sec-

retary from the following candidates for election
to membership in the Institute. Unless other-
wise indicated, the applicant has applied for ad-
mission as an Associate. If the applicant has
applied for direct admission to a higher grade
than Associate, the grade follows immediately
after the name. Any member objecting to the
election of any of these candidates should so
inform the Secretary before June 30, 1926.

Alberti, J. N., General Electric Co., Schenectady,
N. Y.

Allen, J. G., Duquesne Light Co., Pittsburgh, Pa.
Ames, A. W., Lighting Dept., City of Seattle,

Seattle, Wash.
Auten, L. D., Cleveland Railway Co., Cleveland,

Ohio
Ballantine, R. A., Penn Electrical EngineeringCo.,

Scranton, Pa.
Ballard, W. C., Jr., Cornell University, Ithaca,

N. Y.
Banan, H. F., Westinghouse Elec. & Mfg. Co..

Boston, Mass. (Applicant for re-election.)
Barse, J. H., McKinney Steel Co., Cleveland, Ohio
Bartholomew, F. J., Bartholomew, Montgomery

& Co., Ltd., Vancouver, B. C.
Barton, S., Federal Telegraph Co., Clearwater,

Calif.
Bayles, C. G., Black & Veatch, Kansas City, Mo.
Becker, H., Jr., Interborough Rapid Transit Co.,

New York, N. Y.
Beckett, R. V., Westinghouse Elec. & Mfg. Co.,

East Pittsburgh, Pa.
Bennett, J. W., Eastern N. J. Power Co., Allen-

hurst, N. J.
Bergholtz, H., General Electric Co., Schenectady,

N. Y.
Binder, G. A., Ohio Brass Co., Chicago, Ill.
Blake, F. J., Public Service Co. of Colorado,

Denver, Cob.
Bodge, H. H., (Member), Fall River Electric

Light Co., Fall River, Mass.
Bergeson, S. E., Western Electric Co., Inc.,

Hawthorne Sta., Chicago, Ill.
Bornholz, F. J., (Member), Shanghai Municipal

Council, Shanghai, China. (For mail, San
Francisco, Calif.)

Bothwell, F. A., General Electric Co., Schenec-
tady, N. Y.

Boyere, E. E., (Member), Electrical Specialist,
Erie, Pa.

Brackett, N. W., Puget Sound Power & Light Co.,
Seattle, Wash.

Braithwaite, W. S., Edison Elec. Illuminating Co.,
Boston, Mass. (Applicant for re-election.)

Brennon, L. A., General Electric Co., Erie, Pa.
Bristow, T. N., H. B. Squires Co., Seattle, Wash.
Brown, J. F., Tri-State College, Angola, Ted.
Brown, L., City of Seattle, Lighting Dept.,

Seattle, Wash.
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INSTITUTE AND RELATED A.(11 VITI ES Journul A. I. E. E.Buchanan, E. 0., The Pacific Tel. & Tel. Co.,Portland, Oro. (Applicant for re-election.)Burckett, I). M., Groat Northern Railway.Seattle, Wash.

Burrow, P., Supt. of Power Plant, Dryden, Wash.Bustin°, P. E., Mexican Light & Power Co.,Mexico D. F., Mex.
Butler, W. 0., The Pacific Tel. & Tel. Co.,Seattle, Wash.
Butow, P. W. C., Pacific Coast Steel Co., S. SanFrancisco, Calif.
Butt, F. H., Westinghouse Elec. & Mfg. Co..East Pittsburgh, Pa.
Campbell, T. L., Toronto Hydro -Electric System,Toronto, Ont., Can.
Carrick, J. F. C.. General Electric Co., NiagaraFalls, N. Y.
Carter, T. B., Cumberland Tel. & Tel. Co.,Louisville, Ky. (Applicant for re-election.)Chambers, H. D., Puget Sound Power & LightCo., Seattle, Wash.
Christianson, E. C., Puget Sound Power & LightCo., Tacoma, Wash.
Cirella, L. E., Simplex Wire & Cable Co., Cam-bridge, Mass.
Cooper, R. F., Miller Rubber Co., Akron, OhioCrago, P. H., Union Switch & Signal Co., Swiss-vale, Pa.
Craven, F. E., Bell Telephone Co. of Pa., Phila-delphia, Pa.
Crawford, J. M., General Electric Co., Schenec-tady, N. Y.
Crock, I. Z., New England Tel. & Tel. Co.,Boston, Mass.
Crump, L. W., Puget Sound Power & Light Co.,Tacoma, Wash.
Cunningham, K. G., Ohio Bell Telephone Co.,Cleveland, Ohio
Curtis, G. V., General Electric Co., Schenectady,N. Y.
Cuthbert, J. T., Duquesne Light Co., Pittsburgh,Pa.
Davis, W., Toronto Hydro -Electric System,Toronto, Ont., Can.
Day, W. P., General Electric Co., Schenectady.N. Y.
de Lima, C. A., Westinghouse Elec. International

Co., Mexico, D. F.
Deneen, R. J., Ohio Brass Co., Chicago. Ill.de Vries, B. D., Duquesne Light Co., Pittsburgh,Pa.
Dibblee, J., (Member), Hydro-Elec. Pr. Com-

mission of Ontario. Toronto, Ont., Can.Diehl, W. A., National Malleable & Steel Castings
Co., Cleveland, Ohio

Doane, P., New York Edison Co., New York,N. Y.
Dowe, G. P., The Canadian Crocker -Wheeler Co.,

St. Catharines, Ont., Can.
Drake, R. A., U. S. S. Arizona, San Francisco,

Calif.
Duevel, C. 0., Jr., Consumers Central Heating

Co., Tacoma, Wash.
Duffy, L., Puget Sound Power & Light Co.,

Seattle, Wash.
Eveland, G. H., Feather River Power Co., San

Francisco, Calif.
Fagan, H. J., 1555 Walton Ave., Bronx, New York,N. Y.
Falk, V. E., Stone & Webster, Inc., Boston, Mass.
Falor, H. L., Northern Ohio Power & Light Co.,

Akron, Ohio
Flory, C. L., Radio Corp. of America, Tuckerton,N. J.
Fontaine, J., North Carolina State College,Raleigh, N. C.
Forsyth, J. W., Engineer, City of Philadelphia,

Philadelphia, Pa.
Free, J. E., General Electric Co., Philadelphia, Pa.
Fuhs, R. H., Indianapolis Light & Heat Co.,

Indianapolis, Ind.
Gale, Arthur P., Wisconsin Power & Light Co.,

Madison, Wis.
Gantenbein, E. F., Puget Sound Power & Light

Co., Olympia, Wash.
Garner, F. E., Daven Radio Corp., Newark, N. J.
Ghen, M. W., Duquesne Light Co., Pittsburgh,Pa.

Glangrande, D. M., The New York Edison Co.,New York, N. Y.
Gibney, E. L., Lighting Dept., City of Seattle.

Seattle, Wash.
Gibson, P. 0., Edison Storage Battery Co..Seattle, Wash.
Gillis, M. D., General Electric Co., Erie, Pa.
Gilson, W. J., Canadian & General Finance Co.,

Toronto, Ont., Can.
Goyne, T. S., Goyno Steam Pump Co., Ashland,Pa.
Gi'aul, E. A., Duquesne Light Co., Pittsburgh, Pa.Graves, J. M., (Member), Duquesne Light Co.,Pittsburgh, Pa.
Hall, I. E., Roller -Smith Co., Bethlehem, Pa.Hansen, T. A., Puget Sound Power & Light Co.,

Seattle, Wash.
Harkins, P. S., Bell Telephone Co. of Pa., Phila-

delphia, Pa.
Harrell, F. E., Reliance Electric & Engineering

Co., Cleveland, Ohio
Hartle, W. G., General Electric Co., Schenectady,N. Y.
Haskens, A. J., Union Switch & Signal Co.,

Swissvale, Pa.
Helander, W. N., Puget Sound Power & Light

Co.. Olympia, Wash.
Hicks, L. V., (Member), Westinghouse Elec. &Mfg. Co., East Pittsburgh, Pa.
Hillock, J. F., Duquesne Light Co., Pittsburgh,Pa.
Hite, J. W., Reliance Electric & Engineering Co.,

Cleveland, Ohio
Hoehn, E. H., Union Electric Light & Power Co.,

St. Louis, Mo.
Hults, The Ohio Public Service Co., Warren, OhioHurlburt W. 0., Gas & Electric Service Co.,

Chico, Calif.
Hyams, L. B., Gothem Electric & Supply Co..

New York, N. Y.
Hyle, L. C., Emaus Telephone Co., Emaus, Pa.Ishikawa, K., International General Electric Co.,

Schenectady, N. Y.
Jayne, J. K., Autocar Co., Brooklyn, N. Y.
Johnson, E. L., H. B. Squires Co., Seattle, Wash.
Johnson, R. H., Puget Sound Power & Light Co.,

Bremerton, Wash.
Johnson, R. R., Duquesne Light Co., Pittsburgh,Pa.
Keefer, J., Pacific Coast Steel Co., S. San Fran-

cisco, Calif.
Kellers, C. F., General Electric Co., Schenectady,N. Y.
Kepple, K. A., Westinghouse Elec. & Mfg. Co.,

East Pittsburgh, Pa.
Kilbury, W. A., Cleveland Elec. Illuminating Co.,Cleveland, Ohio
Kincaid. M. B., Westinghouse Elec. & Mfg. Co.,

Sharon, Pa.
Klingenberg, F., Thomas E. Murray, Inc., NewYork, N. Y.
Knaus, F., Lighting Dept., City of Seattle,Seattle, Wash.
Krauskop, V. 0., American Electric Power Co.,

Philadelphia, Pa.
Laube, L. F., General Electric Co., Schenectady,N. Y.
Lavo, K. E., General Electric Co., Schenectady,N. Y.
Lindstrom, C. T., Westinghouse Elec. & Mfg. Co.,

East Pittsburgh, Pa.
Linton, S., Stone & Webster, Inc., Boston, Mass.
Loughridge, C. H., (Member), Consulting Engi-

neer, Cleveland, Ohio
Manahan, W. T., Consolidated Gas, Elec. Lt.& Pr. Co. of Baltimore, Baltimore, Md.Marsten, J., Freed-Eisemann Radio Corp.,Brooklyn, N. Y.
Marthakis, G. S., General Electric Co., Schenec-tady, N. Y.
Martyn, C. A., Puget Sound Power & Light Co.,

Tacoma, Wash.
Mason, H. R., Ohio State University, Columbus,Ohio
McBride, B. V., Westinghouse Elec. & Mfg. Co.,

East Pittsburgh, Pa.
McCuaig, D. A., Stone & Webster, Inc.. Boston,

Mass.

McNichol!, J. F., Gould Storage Battery Co.,
Depow, N. Y.

Moans, L. II., General Electric Co., Schenectady,N. Y.
Merritt, D. F., Famous Players Lasky ('e.,Hollywood, Calif.
Merry, F. S., Toronto li ydro-E lee tri Syst1.111.Toronto, Ont., Can.
Metcalf, J. I., Day & Zimmermann, 1 ne., Phila-delphia, Pa.
Monroe, J. J., Westinghouse Elec. & Mfg. Co.,

Philadelphia, Pa.
Moore, H. A., (Member), U. S. Smelting, Refining

& Mining Co., Logan, Utah
Moore, S. A., Holoproof Hosiery Co., Milwaukee,

Wis.
Mueller, W. H., Pacific Tel. & Tel. Co., Seattle,

Wash.
Muir, W. L., Puget Sound Power & Light Co.,Olympia, Wash.
Murch, J. C., General Electric Co., Erie, Pa.
Neighbors, G. F., General Electric Co., Schenec-tady, N. Y.
Offutt, H. V., Asst. Vice-Pres., Flrat National

Bank; Kentucky Title Co., Louisville, Ky.Osthoff, L. H., The Pacific Tel. & Tel. Co.,
Seattle, Wash.

Paradis, A., The Pacific Tel. & Tel. Co., Seattle,
Wash.

Peck, F.M., Northern Ohio Power & Light Co.,
Akron, Ohio

Peck, J. L., General Electric Co., Erie, Pa.Perks, J. A., Philadelphia Electric Co., Phila-delphia, Pa.
Perry, R. T., General Electric Co., Schenectady,N. Y.
Pfeifer, W. A., (Member), Tri-State College,

Angola, Ind.
Phipps, P., Toronto Hydro -Electric System,Toronto, Ont., Cap.
Pixton, W. G., General Electric Co., Schenectady,N. Y.
Piza, J. G., General Electric Co., Schenectady,N. Y.
Quallins, G. A., 237 W. 70th St., New York, N. Y.Rasmussen, D., Duquesne Light Co., Pittsburgh,Pa.
Reading, A. L., (Member), West Kootenay Pr.& Lt. Co., Substation Trail, B. C.Reed, R. B., Philadelphia Electric Co., Phila-delphia, Pa.
Reid, A., Canadian Crocker -Wheeler Co., Ltd.,

St. Catharines, Ont., Can.
Richardson, T. P., Jr., A. A. Merrick Engineering

Service, Tryon N. C.
Robinson, G. W., General Electric Co., Schenec-

tady, N. Y.
Robinson, R. B., Philadelphia Co., Pittsburgh, Pa.Roth, J. D., General Electric Co., Schenectady,N. Y.
Roudebush, G. H., Ohio Bell Telephone Co.,

Cleveland, Ohio
Samson, R., Puget Sound Power & Light Co.,

Bellingham, Wash.
Sattenstein, S. L., Bethlehem Steel Co., Bethle-hem, Pa.
Schlegel, R. D., Potomac Electric Power Co.,

Washington, D. C.
Schifreen, C. S., Philadelphia Electric Co.,Philadelphia, Pa.
Schreiber, E. H., The Pacific Tel. & Tel. Co.,

Seattle, Wash.
Schroeder, J. P., Pacific Gas & Electric Co., San

Francisco, Calif.
Shallenberger, D. K., Beechbottom Power Co.,

Power, West Va.
Sharrock, L. L., St. Lawrence County Utilities,

Inc., Potsdam. N. Y.
Shaw, J. L., Bethlehem Steel Co., Lackawanna,

N. Y.
Sherer, C. M., Pennsylvania Water & Power Co.,

Holtwood, Pa.
(Applicant for re-election.)

Skinner, R. W., Louisville Gas & Electric Co..
Louisville, Ky.

Smith, C. E., (Member), J. Livingston & Co.,
New York, N. Y.
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Smith, P. C., Westinghouse Elec. & Mfg. Co.,
East Pittsburgh, Pa.

Smith, T. T., Puget Sound Power & Light Co.,
Seattle, Wash.

Snyder, J. N., Duquesne Light Co., Pittsburgh,
Pa.

Spaulding, L. S.. Electrician -Draftsman, Hazle-
ton, Pa.

Spear, H. E., Puget Sound Power & Light Co..
Tacoma, Wash.

Stacy, R. P., Duquesne Light Co., Pittsburgh, Pa.
Steel, E. T., Puget Sound Power & Light Co.,

Bremerton, Wash.
Steel, F. K., (Member), Great Northern Railway,

Seattle, Wash.
Steinmetz, W. C., The Alaskan Railroad, Anchor-

age, Alaska
Stephenson, J., (Member), Hamilton By -Product

Coke Ovens, Ltd., Hamilton, Ont., Can.
Storms, C. A., General Electric Co., Schenectady,

N. Y.
Sumner, M. R., Philadelphia Co., Pittsburgh, Pa.
Sylvester, F. E., Great Western Power Co.,

Oakland, Calif.
Tennant, R. J. J., Duquesne Light Co., Pitts-

burgh, Pa.
Thedniga, H. H., Manufacturer's Agent. Seattle,

Wash.
Thompson, L. A., Puget Sound Power & Light

Co., Seattle, Wash.
Thomson, S. E., (Member), Hydro -Electric Power

Commission, Niagara Falls, Ont., Can.
Tucker, J. R., Southern Pacific Co., San Francisco,

Calif.
Uhlrig, H. W., General Electric Co., Schenectady,

N. Y.
Van Huysen, J. W., Garland Affolter Engineering

Corp., Seattle, Wash.
Vonsovich, L. J., 2207 Ellsworth St., Berkeley,

Calif.
Walker, A. J., Wireless Specialty Apparatus Co.,

Jamaica Plain, Mass.
Walsh, F., Puget Sound Power & Light Co.,

Everett, Wash.
Walther, G. J., General Electric Co., Schenectady,

N. Y.
Warren, P. L., Ohio Brass Co., Chicago, Ill.
Weckel, G. H., General Electric Co.; Schenectady,

N. Y.
Wells, D. V., Northwestern Light & Power Co..

Sibley, Iowa
Wells, J. P., Century Electric Co., St. Louis, Mo.
White, E. L., Puget Sound Power & Light Co.,

Seattle, Wash.
Whiteman, W. A., Monongahela West Penn Public

Service Co., Wellsburg, West Va.
Williamson, W. S., Prudential Insurance Co.,

Newark, N. J.
Willits, R. F., Public Service Electric & Gas Co.,

Camden, N. J.
Woodhouse, G. E., Hydro -Electric Power Corn-

mission, Toronto, Ont., Can.
(Applicant for re-election.)

Wright, R. B., Puget Sound Power & Light Co.,
Seattle, Wash.

Yoder, N. W., Leeds & Northrup Co., Phila-
delphia, Pa.

Zierdt, C. H., Union Switch & Signal Co.,
Swissvale, Pa.

Total 204
Foreign

Cottier, J. P., Ohakune Borough Council, Oha-
kune, N. Z.

Dejong, F., RieJos of Puerza del Ebro, S. A.,
Barcelona, Spain

Della Riccia, A., (Member), Consulting Elec.
Engineer, Brussels, Belgium

Kale, P. B., The Central Provinces Engineering
Co. Ltd., Nagpur, India

Kothawala, K. R., Elec. Engr., Kishangash State,
Kishangash, Rajputana, India

Lapiroff-Scoblo, M., (Fellow), Electrotechnical
Inst., Moscow, Russia

Melsom, S. W., (Fellow), Callendars Cable Co.,
Belvidere, Kent, Eng.

Mori, H., Dept. of Communication, Bureau of
Electricity, Tokio, Japan

Parker, W. A. H., West Gloucester Power Co.,
Ltd., Gloucester, Eng.

Santa -Maria, D., Engr. of Direction, de Servicios
Electricos, Santiago, Chile, S. A.

Total 10.
STUDENTS ENROLLED

Angus, William M., Univ. of Toronto
Anspach, Russell J., Ohio Northern Univ.
Barry, Joseph F., Cornell Univ.
Bates, John A., Jr., Cornell Univ.
Blore, Stephen W., Univ. of Idaho
Brolin, Walter B., Northeastern Univ.
Burgan, Kenneth E., Municipal Univ. of Akron
Burnham, Robert F., Univ. of New Hampshire
Byerlay, Henry L., Detroit Inst. of Tech.
Caveny, Charles C., Univ. of Pittsburgh
Churchill, Paul K., Univ. of Southern California
Clark, James V., Denison Univ.
Conard, William, N. Y. Univ.
Cook, Harry W., State Univ. of Iowa
Copeland, Luther W., Georgia School of

Technology
Crocker, George E.. Calif. Inst. of Tech.
Cross, Rosamond D., Georgia Tech.
Doyal, George M., Georgia Tech.
Dunnigan, Francis A., Washington State College
Eaton, John R., Case School of Appl. Science
Edwards, Wilbur C., Georgia Tech.
Engel, George C., Stevens Inst. of Tech.
Faber, Benjamin W., Washington State College
Figg, Basil D., Michigan State College
Fixman, Isadore, Rensselaer Poly. Inst.
Gallaher, Burton M., Univ. of Tennessee
Garoutte, Charles D., Univ. of Colorado
Geiser, Howard S., Purdue Univ.
Gimplovitz, Morris, Poly. Inst. of Brooklyn
Graves, Edwin R., Rensselaer Poly. Inst.
Green, Thomas D., Mass. Inst. of Tech.
Gross, Gerald C., Haverford College
Grossman, Edward, College of the City of New

York
Gum, G. Massey, Univ. of Delaware
Hackmann, William K.., Univ. of Nebraska
Hart, George W., Bucknell Univ.
Hartley, Earl P., Ohio Northern Univ.
Hays, William A., North Carolina State College
Hayward, Harold N., Univ. of Illinois
Heath, Elroy E., Northeastern Univ.
Heer, Fred A., Jr., Iowa State College

Herring, Kenneth R., Ohio Northern Univ.
Herrmann, Jos. M., Ohio Northern Univ.
Ivanoff, Vladimir, Univ. of Southern California
Kalo, Albert M., West Virginia Univ.
Kane, Eugene A., Univ. of Wisconsin
Kelch, Joseph R., Case School of Appl. Science
Lafferty, Clyde W., Drexel Inst.
Lansingh, Killian V. R., Mass. Inst. of Tech.
Lay, Eugene E., Virginia Poly. Inst.
Leech, H. Howard, Drexel Institute
Lintz, Edgar J., Stevens Inst. of Tech.
Lipscomb, Earl W., Texas, A. & M. College
Little, Myron C., State Univ. of Iowa
Maki, William, School of Engg. of Milwaukee
Magness, Thomas H., Jr., Johns Hopkins Univ.
Marrs, Roscoe E., Michigan State College
Marshall, Richard M., Jr., Clemson College
Matthews, Alfred C., Jr., Ohio Northern Univ.
McDonald, John E., Poly. Inst. of Brooklyn
McDonough, Bernard, Univ. of Colorado
McKeige, Edward E., Univ. of Maryland
Meintel, George E., West Virginia Univ.
Millen, James, Stevens Inst. of Tech.
Moore, Francis B., Northeastern Univ.
Morrice, Le Roy J., Engg. School of Milwaukee
Nash, James L., Georgia Tech.
Palmer, Russell D., Univ. of Colorado
Payne, Cecil A., Engg. School of Milwaukee
Pearson, John W., Univ. of Toronto
Perkins, Maurice A., Jr., Univ. of Maine
Piper, Paul A., Michigan State College
Poppino, Carl A., Univ. of Kansas
Prentice, A. N., Case School of Appl. Science
Prior, Leon B., Northeastern Univ.
Raleigh, J. W., Purdue Univ.
Raun, Ernest M., Columbia Univ.
Reader, David E., Rensselaer Poly. Inst.
Rey, Pedro, Ohio Northern Univ.
Rich, Walter E., School of Engg. of Milwaukee
Roberts, Samuel W., Univ. of New Hampshire
Samitca, Michael, Columbia Univ.
Satoh, Yoshio, Stanford Univ.
Schissler, Charles E., Johns Hopkins Univ.
Schoenfeld, Lester W., Mass. Tech.
Shields, James C., Northeastern Univ.
Shinn, Harold L., Oklahoma A. & M. College
Smalley, Dayton B., Northeastern Univ.
Smith, Carroll C., Mass. Inst. of Tech.
Smith, Frank J., Ohio Northern Univ.
Souther, Shirley, Northeastern Univ.
Stewart, Robert J., Northeastern Univ.
Steeneck, Robert, Stevens Inst. of Tech.
Stevens, A. C., Poly. Inst. of Brooklyn
Tally, Otho V., North Carolina State College
Taylor, Byron M., Stanford Univ.
Teare, Benjamin R., Univ. of Wisconsin
Trombly, Napoleon A., Univ. of New Hampshire
Truax, Noah H., Oregon State Agri. College
Truckess, David E., Pennsylvania State College
Tuck, Albert E., Univ. of Toronto
Veinott, Cyril G., Univ. of Vermont
Wadsworth, Paul W., Ohio Northern Univ.
Webb, Edwin Y., Jr., North Carolina State College
Wesstrom, David B., Stevens Inst. of Tech.
Williams, William A., West Virginia Univ.
Witham, Gene E., Stevens Inst. of Tech.
Worrest, Ralph N., Univ. of Nebraska
Wright, Donald H., New York Univ.
Zipp, Joe, Engg. School of Milwaukee
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Officers A. 1. E. E. 1925-1926
PRESIDENT

(Term expires July 31, 11126)
M. I. PUPIN

JUNIOR PAST PRESIDENTS(Tenn expires July 31. 1936)
(Term expires July 81, 1937)HARRIS J. RYAN

PARLEY OSGOOD
VICE-PRESIDENTS(Terms expire July 31, 1026)

(Terms expire July 31. 1927)HAROLD B SMITH (District No. 11 P. M. DOWNING (District No atEDWARD BENNETT (District No. ri) HERBERT S. SANDS (District No 6)JOHN HARISBERGER
(DistrictNo.9) W E MITCHELL (Distri,t No. 4)L. P. MOREHOUSE

(District No. 3) ARTHUR G PIERCE (District No.2)
H. W. BALES (District No, 7) W. P DOBSON (District No. 10)
(Terms expire July 31. 1026)

H. M. HOBART
ERNEST LUNN
G. L. KNIGHT

(Terms expire July 31, 1927)
W. M. McCONAHEY
W. K. \'ANDERPOEL
H. P. CHARLESWORTH

MANAGERS
(Terms expire July 31, 1928)

JOHN B. WIIITEHEAD
I M. BRYANT
t. B. MERRIAM

(Terms expire July 31, 1929)
M. M. FOWLER
H. A. KIDDER
E. C. STONE

NATIONAL TREASURER
NATIONAL SECRETARY(Terms expire July 31, 1929)GEORGE A. HAMILTON F. L. HUTCHINSON

HONORARY SECRETARY
GENERAL COUNSELRALPH W. POPE

PARKER & AARON
30 Broad Street, New York

PAST -PRESIDENTS-1836-1926NORVIN GREEN, 1884-5-6.
FRANKLIN L. POPE, 1886-7.T. COMMERPORD MARTIN, 1887-8.EDWARD WESTON, 1888-9.
ELinu THOMSON. 1889-90.
WILLIAM A. ANTHONY, 1890-91.
*ALEXANDER GRAHAM BEI. L. 1891-2:PRANK JULIAN SPRAGUE. 1892.3.*EDWIN J. HOUSTON, 1893-4-5.LOUIS DUNCAN, 1895-6-7.
FRANCIS BACON CROCKER. 1897.8.A. E. KENNELLY. 1898-1900. CARL HERINC, 1900-1.
CHARLES P. STEINMETZ, 1901-2.CHARLES F. SCOTT, 1902-3.BION J. ARNOLD, 1903-4.

WILLIAM MCCLELLAN, 1921-22.JOHN W. LIEB, 1904-5.
FRANK B. jrtwerr, 1922-23.*SCHUYLER SKAATS WHEEL ER, 1905-6 HARRIS J. RYAN, 1923-24.FARLEY Oscoon, 1924-25.* Deceased.

SAMUEL SHELDON, 1906-7.
'HENRY G. SCOTT, 1907-8.Louis A. FERGUSON, 1908-9.LEWIS B. STILLWELL, 1909-10DUGALD C. JACKSON, 1910-11.GANO DUNN, 1911.12.
RALPH D. MERSHON. 1912-13.C. 0. MAILLoux, 1913-14.PAUL M. LINCOLN, 1914-15.JOHN J. CARTY, 1915-16.

. W. BUCK, 1916-17.
E. W. RICE, JR., 1917-18.
COMFORT A. ADAMS, 1918-19.
CALVERT TOWNLEY. 1919.20.A. W. BERRESFORD, 1920-21.

LOCAL HONORARY SECRETARIEST. J. Fleming. Calle B. Mitre 519, Buenos Aires, Argentina, S. A.Carroll M. Mauseau, Caixa Postal No. 571, Rio de Janeiro, Brazil. S. A.Charles le Maistre, 28 Victoria St., London, S. W. 1, England.A. S. 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. 0. Box 4563. Johannesburg, Transvaal. Africa.

A. I. E. E Committees
GENERAL STANDING COMMITTEES

EXECUTIVE COMMITTEEM. I. Pupin. Chairman. 1 W. 72nd St.. New YorkFarley Osgood. Vice -Chairman
H. P. Charlesworth. G. A. Hamilton,H. W. Eales G. L. Knight,

W. K. Vanderpoel.
FINANCE COMMITTEE

G..I.,:_Knight, Chairman. Pearl & Willoughby Sts., Brooklyn, N. YL F. Morehouse W. K. Vanderpoel
MEETINGS AND PAPERS COMMITTEEE. B. Meyer, Chairrrian. 80 Park Place. Newark. N. J.E. H. Hubert. Secretary, 33 W. 39th St., New YorkA. W. Berreaford, H. W. Eales, C. E. SkinnerE. E. F. Creighton. J. E. Macdonald. Harold B. Smith.L. W W. MorrowChairman of Committee on Coordination of Institute Activities, ex -officio.Chairmen of technical committees, ex -officio.

PUBLICATION COMMITTEE
L. F. Morehouse, Chairman. 195 Broadway, New YorkF. L. Hutchinson. Donald McNicol, J. H. Morecroft.E B. Meyer,

COMMITTEE ON COORDINATION OF INSTITUTE ACTIVITIES
Farley Osgood, Chairman, 31 Nassau Street, New York, N. V.F. L. Hutchinson. E. B. Meyer, W. I. Slichter.G L. Knight, L. F. Morehouse, Harold B. Smith.

BOARD OF EXAMINERS
Erich Hausmann, Chairman, Polytechnic Institute of Brooklyn. Brooklyn. N. Y.H. W. Drake. Harold Goodwin, Jr.. W. M. McConahey,E. H. Everit, F. V. Magalhaes, N L. Pollard,F. M. Farmer, W. I. Slichter.

tKCTIONN COMMITTEE
Harold 11 Smith, Cliairnian, 96',.arester link Institute, W.,rusostor, MassH H Henitne, W. Ii. goowenhoven, Herbert S. Sands,C E. Magriuss,n,
Chairmen of Sections, ex.offir re.

COMMITTEE ON STUDENT BRANCHES
C. IL Magnusson, Chairman, University of Washington. Seattle, WashC. Francis Harding, Charles P. Scott. W IL TimberIlar"1.1 R Smith,
Student Branch Counselors. ex-oqicio.

MEMBERSHIP COMMITTER
I. L. Woodrrss, Chairman. 1/400 Pine Street. St. Louis, Mo.R. B. Bonney,
.1. M. Bryant, E E. Darting L. 8. 0lb:wk.C. K. Chapin, R. B. Matecr, George P.. Quinan.H. C. Don Carlos. S. H. Mortensen, A. E. Soderholm,
Chairmen of Section membership committees. exojkio.

HEADQUARTERS COMMITTEE
H. A. Kidder, Chairman. 600 W 59th Street. New YorkF L. Hutchinson, G. L. Knight.

LAW COMMITTEE
W. I. Slichter, Chairman, Columbia University. New YorkH. H. Barnes, Jr., L. P. Morehouse, Charles A. Terry.R. F. Schuchardt,

PUBLIC POLICY COMMITTEE
Gano Dunn, Chairman, 43 Exchange Place, New YorkA. W. Berreaford, F. B. Jewett. William McClellan.H. W. Buck, John W. Lieb, Harris J. Ryan.

STANDARDS COMMITTEE
Executive CommitteeH. S. Osborne, Chairman, 195 Broadway, New YorkH. E. Earner. Secretary. 33 W. 39th Street, New YorkW. A. Del Mar. A. M. MacCutcheon, C H. SharpH. B. Gear, J. Franklin Meyer. C E. Skinner,C. R. Harte, F. D. Newbury, W. I. SlichterH. M. Hobart, Harold Pender, R. H. Tapscott,H. A. F. L. Rhodes. H. R. Woodrow,L T. Robinson,

Ex -officioChairmen of Working CommitteesChairmen of A. I. E. E. delegations on other standardizing bodies.
EDISON MEDAL COMMITTEE

.4 ppointed by the President for term of fire years.
(Terms expire July 31,B. A. Behrend, Yoh!) H. Finney.
(Terms expire July 31,Gano Dunn, Chairman, F. A. Scheffier,
(Terms expire July 31.C. C. Chesney. Robert A. Millikan,
(Terms expire July 31,N. A. Carle, W. C. L. Eglin,

erms ireGeorge Gibbs, (T
Samuelex Inpsull July 31,,

1926)
C. S. Ruffner.

1927)
W. R. Whitney.

1928)
M. I. Pupin.

1929)
John W. Lieb.

1930)
Ralph D. Mershon.Elected by the Board of Directors

(Terms
from its own membership for term of two years.re ulyL. F. Morehouse,

Harris J. RyanJ, 31, 1926)
Harold B. Smith.(Terms expire July 31, 1927)W. P. Dobson,

Parley Osgood, A. G. Pierce.
Ex -OfficioM. I. Pupin, President,

George A. Hamilton. National Treasurer.F. L. Hutchinson, National Secretary
COMMITTEE ON CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT.Tohn W. Lieb, Chairman, 124 E. 15th Street, New YorkC. A. Adams, n. Faccioli, L. F. Morehouse,A. H. Babcock, R. D. Mershon, C. E. Skinner.

COMMITTEE ON AWARD OF INSTITUTE PRIZESE. B. Meyer, Chairman, 80 Park Place, Newark, N. J.L. F. Morehouse,
Percy H. Thomas.

COMMITTEE ON AWARD OF COLUMBIA
UNIVERSITY SCHOLARSHIPSW. I. Slichter, Chairman, Columbia University. New YorkFrancis Blossom, H. C. Carpenter.

COMMITTEE ON SAFETY CODESPaul Spencer, Chairman,F. A. Barron.
Philander Betts,
W. J. Canada,
R. N. Conwell,
J. V. B. Duer,
J. C. Forsyth,
It. C. Fryer,
D. H. Gage,

1401 Arch St., Philadelphia. Pa.H. B. Gear, R. W. E. Moore,P. J. Howe.
Farley OsgoodL. C. Ilsley,
George Quinan,M. G. Lloyd.
Joseph Sachs.Ernest Lunn. H. R. Sargent.Wills Maclachlan, W. H. Sawyer,J. C. Martin, M. L. Sindeband,J. E. Moore, H. S. Warren.

SPECIAL COMMITTEES
LICENSING OF ENGINEERSFrancis Blossom, Chairman, Sanderson & Porter, 52 William Street. New York

H. W. Buck,
Gano Dunn. E. W. Rice, Jr.L. E. Imlay,

TECHNICAL ACTIVITIESA. G. Pierce. Chairman, 1239 Guardian Building. Cleveland, OhioH. P. Charleswortb, H M. Hobart, J. B. Whitehead.H. A. Kidder,
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H. P. Charlesworth,
F. L. Baer.
0. B. Blackwell,
L. W. Chubb,
Charles E Davies.
H. W. Drake,
Major P. W. Evans,
R. D. Evans,
E. H. Everit.
L. F. Fuller,
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TECHNICAL COMMITTEES
COMMUNICATION

Chairman. 195 Broadway, New York
D. H. Gage, Lieut. Comm. B. B. Ralston
S. P. Grace, F. A. Raymond,
P. J. Howe. Chester W. Rice.
F. H. Kroger, J. K. Roosevelt,
N. M. Lash, II. A. Shepard,
Ray H. Manson. Tohn F. Skirrow,
R. D. Parker. E. B. Tuttle,
H. S. Phelps, E. A Wolff.

C. A. Wright.

EDUCATION

Harold Pender, Chairman, University of
C. A. Adams, C. E. Eveleth,
Bion J. Arnold. D. C. Jackson,
Edward Bennett, F. B. jewett,
Gano Dunn, Farley Osgood,
W. C. L. Eglin,

Pennsylvania. Philadelphia. Pa.
Harold B. Smith,
R. W. Sorensen.
T. B. Whitehead.
W. R. Whitney,
W. E. Wickenden.

ELECTRICAL MACHINERY

H. M. Hobart. Chairman, General Electric Co., Schenectady, N. Y.
J. C. Parker, Vice -Chairman, Brooklyn, N. Y.
E. B. Paxton, Secretary, General Electric Co., Schenectady, N. Y.
C. A. Adams, L. L. Elden, P. M. Lincoln,
H. C. Albrecht, G. Faccioli, A. M. MacCutcheon,
B. F. Bailey, W. J. Foster. F. D. Newbury.
B. L. Barns. Harold Goodwin, Jr., N. L. Pollard.
B. A. Behrend, J. I. Hull. R. F. Schuchardt,
A. C. Bunker. V. Karapetoff, C. E. Skinner,
James Burke, A. H. Kehoe, A. Still.
Walter M. Dann. A. E. Kennelly. R. B. Williamson.

ELECTROCHEMISTRY AND ELECTROMETALLURGY

G. W. Vinal, Chairman,
Lawrence Addicks,
Arthur N. Anderson,
T. C. Atchison.
Farley G. Clark,
Safford K. Colby,

Bureau of Standards,
F A. J. Fitzgerald,
W. F. Hendry,
Walter E. Holland,
F. A. Lidbury,
Wm. A. Moore,

Washington, D. C.
Carl G. Schluederberg
Magnus Unger,

B. Whitehead,
. L. Woodbridge,

. L. McK. Yardley.

ELECTROPHYSICS

J. H. Morecroft, Chairman, Columbia University.
V. Bush, A. E. Kennelly,
R. E. Doherty, W. B. Kouwenhoven,
Herbert Bristol Dwight, R. A. Milliken.
Charles Fortescue, F. W. Peek. Jr.
V. Karapetoff,

New York
Harold Pender,
Chester W. Rice.
J. Slepian,
Harold B. Smith,
J. B. Whitehead.

INSTRUMENTS AND MEASUREMENTS
A. E. Knowlton, Chairman, Dunham Laboratory. Yale University,

New Haven, Conn.
F. V. Magalhaes, Vice -Chairman
H. B. Brooks, Secretary
0. J. Bliss, W. M. Goodwin, Jr. H. A. Perkins,
Perry A. Borden, C. M. Jansky, Jr. L. T. Robinson.
W. M. Bradshaw, W. B Kouwenhoven, Bryon W. St. Clair,
J. R. Craighead, P. M. Lincoln, G. A. Sawin,
W. A. Del Mar, W. M. McConahey I. B. Smith,
E. D. Doyle, W. J. Mowbray, Roy Wilkins.

APPLICATIONS TO IRON AND STEEL PRODUCTION
F. B. Crosby, Chairman, Morgan Construction Co., 15 Belmont St.,

Worcester, Mass.
A. C. Cummins, A. G. Pierce, G. E. Stoltz,
W. C. Kennedy, A. G. Place, J. D. Wright.

F. 0. Schnure,

PRODUCTION AND APPLICATION OF LIGHT
Preston S. Millar, Chairman, Electrical Testing Laboratories,

80th St. & East End Ave.. New York
W. T. Blackwell, F. F. Fowle, F. H. Murphy,
J. M. Bryant, G. C. Hall, Charles F. Scott,
W. T. Dempsey. H. H. Higbie, B. E. Shackelford,
H. W. Eales, A. S. McAllister. C. J. Stahl,
F. M. Feiker, G. S. Merrill, G. H. Stickney.

APPLICATIONS TO MARINE WORK
L. C. Brooks, Chairman, Common Street, Groton, Mass.
H. F. Harvey. Jr., Vice -Chairman
J. S. Jones, Secretary

A. Beekman, A. Kennedy. Jr.
J. F. Clinton, M. A. Libbey,
C. S. Gillette, E. B. Merriam,
William Hetherington. Jr. I. H. Osborne,
H. L. Hibbard, G. A. Pierce,
Edward C. Jones,

H. M. Southgate,
W. E. Thau,
C. P. Turner,
A. E. Waller,
J. L. Wilson,
R. L. Witham.

APPLICATIONS TO MINING WORK
F. L. Stone, Chairman,
W. C. Adams,
M. C. Benedict,
Graham Bright,
H. W. Eales,
L. C. Ilsley,

General Electric Co.
G. M. Kennedy,
R. L. Kingsland,
A. B. Kiser,
Carl Lee,
W. H. Lesser,
John A. Malady,

, Schenectady, N. Y.
Charles H. Matthews,
D. C. McKeehan,
W. F. Schwedes,
W. A. Thomas,
C. D. Woodward.

GENERAL POWER APPLICATIONS
A. M. MacCutcheon, Chairman, Reliance

1088 Ivanhoe Road, Cleveland, Ohio
P. H. Adams, H. D. Janes,
D. H. Braymer, P. C. Jones,
H. E. Bussey, G. A. Kositzky,
R. F. Chamberlain, A. C. Lanier,
C. W. Drake, W. S. Maddocks,
E. W. Henderson, N. L. Mortensen,

Electric Engineering Co.,

H. W. Rogers,
H. L. Smith,
W. H. Timbie,
W. K. Vanderpoel,
A. E. Waller,
W. C. Yates.

lohn B. Whitehead.
Edward Bennett.
V. Bush,
E. H. Colpitts,
E. E. F. Creighton,
W. F. Davidson,
W. A. Del Mar:

POWER GENERATION
Vern E. Alden, Chairman. Consolidated Gas & Electric Company,

Baltimore, Md.
H. A. Barre, H. A. Kidder.
E. T. Brandon, J. T. Lawson,
H. W. Eales, W. H. Lawrence,
N. E. Funk, James Lyman,
C. F. Hirsnfeld, W. E. Mitchell.
Francis Hodgkinson, I. E. Moultrop,
P. Junkersfeld,

J. C. Parker,
M. M. Samuels,
F. A. Schaller,
R. F. Schuchardt,
A. R. Smith,
Nicholas Stahl,
W. M. White.

POWER TRANSMISSION AND DISTRIBUTION
P. H. Thomas, Chairman, 120 Broadway, New York
P. H. Chase, Vice -Chairman, Philadelphia. Pa.
R. N. Conwell, Vice -Chairman, Newark, N. J.
P. M. Farmer, Secretary, 80th St. & East End
C. G. Adsit, Herbert H. Dewey,
R. W. Atkinson, L. L. Elden,
A. 0. Austin,
F. G. Baum.
John A. Brundige,
V. Bush,
George F. Chellis,
Wallace S. Clark.
Edith Clarke.
W. H. Cole,
M. T. Crawford,
John C. Damon,
W. A. Del Mar,

R. D. Evans,
C. L. Fortescue,
C. D. Gray,
W. A. Hillebrand,
J. P. Jollyman,
A. H. Kehoe,
C. H. Kraft,
A. H. Lawton,
W. E. Meyer,
W. E. Mitchell,

Ave., New York
Clifford R. Oliver,
John C. Parker,
F. W. Peek, Jr.
G. G. Post,
D. W. Roper.
C. E. Schwenger,
A. E. Silver,
M. L. Sindeband,
H. C. Sutton,
Philip Torchio,
Theodore Varney,
H. S. Warren.
R. J. C. Wood.

PROTECTIVE DEVICES
E. C. Stone, Chairman. Duquesne Light Co., 435 Sixth Ave., Pittsburgh, Pa.
F. L. Hunt. Vice -Chairman. Greenfield, Mass.
W. S. Edsall, George S. Humphrey. W. H. Millan,
H. Halperin, J. Allen Johnson, J. M. Oliver.
P. C. Hanker. M. G. Lloyd, N. L. Pollard,
S. E. M. Henderson, H. C. Louis, E. J. Rutan,
R. A. Hentz, A. A. Meyer, E. R. Stauffacher,
E. A. Hester, H. R. Summerhayes.

RESEARCH
Chairman. Johns Hopkins University. Baltimore. Md.

B. Gherardi, E. W. Rice, Jr.
V. Karapetoff,
A. E. Kennelly.
M. G. Lloyd,
F. W. Peek, Jr..
Harold Pender,

D. W. Roper,
C. H. Sharp,
C. E. Skinner.
Harold B. Smith,
R. W. Sorensen.

TRANSPORTATION
Cary T. Hutchinson, Chairman. 52 William Street. New York
J. V. B. Duer D. C. Jackson W. B. Potter
Georfe Gibbs John Murphy N. W. Storer
W. h. Howe W. S. Murray Richard H. Wheeler

A. I. E. E. Representatives
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE

COUNCIL
A. E. Kennelly, John B. Taylor.

AMERICAN BUREAU OF WELDING
H. M. Hobart.

AMERICAN COMMITTEE ON ELECTROLYSIS
B. J. Arnold, N. A. Carle, F. N. Waterman.

AMERICAN ENGINEERING COUNCIL ASSEMBLY
Comfort A. Adams. H. M. Hobart. M. I. Pupin,
C. G. Adsit, F. L. Hutchinson, *E. W. Rice, Jr..
*A. W. Berreaford, *D. C. Jackson. *Charles F. Scott,
H. W. Eales, William McClellan, *C. E. Skinner,
*John H. Finney. L. F. Morehouse. Calvert Townley,
M. M. Fowler, *Farley Osgood,
*Members of Administrative Board

AMERICAN ENGINEERING STANDARDS COMMITTEE
H M. Hobart, H. S. Osborne, C. E. Skinner,

L. T. Robinson (Alternate)

AMERICAN MARINE STANDARDS
COMMITTEE

John F. Clinton, G. A. Pierce (Alternate)

AMERICAN YEAR BOOK, ADVISORY BOARD
Edward Caldwell

APPARATUS MAKERS AND USERS, COMMITTEE OF.
NATIONAL RESEARCH COUNCIL

C. E. Skinner

BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY
H. H. Barnes, Jr. Bancroft Gherardi, G. L. Knight

CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND
COMMITTEE

M. I. Pupin

ELIMINATION OF FATIGUE, COMMITTEE ON, SOCIETY OF
INDUSTRIAL ENGINEERS

C. Francis Harding

ENGINEERING FOUNDATION BOARD
Gano Dunn, L. B. Stillwell.
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Jottrtittl A. I. K. K.JOHN FRITZ MEDAL BOARD OF AWARDGnu Dunn.

Frank B. Jewett, M. I. PtiptitParley Osgood.
JOINT COMMITTEE ON WELDED RAIL JOINTSD. D. Itwinkg,

A. P. Way.
JOINT CONFERENCE

COMMITTEE OF FOUNDER SOCIETIESThe Presidents and Secretaries, er-offi,io.
LIBRARY BOARD OF UNITED

ENGINEERING SOCIETYEdward D. Adams, F. L. Hutchinson,
Alfred W. Kiddle,E. B. Craft,
W. I. Slichter.

NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICALCOMMITTEE
Paul Spencer.

NATIONAL FIRE WASTE COUNCIL
John H. Finney,

Paul Spencer.
NATIONAL MUSEUM OF ENGINEERING AND INDUSTRY

Board of Trustees
Gana Dunn F. B. Jewett

NATIONAL RESEARCH COUNCIL. ENGINEERING DIVISIONJohn B. Whitehead A. E. Kennelly, E W. Rice. Jr.F. L. Hutchinson, ex -Officio,

Name Chairman

NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OFA. S. N. E. -ENGINEERING SECTION
Paul Spencer

THE NEWCOMEN SOCIETY
B Craft

RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDSA. E.
SOCIETY FOR THE PROMOTION OW ENGINEERING EDUCATIONBOARD OF INVESTIGATION

AND COORDINATIONGan., Dunn, Prank B. Jewett.
U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL

ILLUMINATION COMMISSIONA. E. Kennelly, C. 0. MaiHour,
Clayton H. Sharp.

WASHINGTON AWARD, COMMISSION OFL. A. Ferguson,
Charles F. Scott.

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL
ELECTROTECHNICAL COMMISSIONA. E. Kennelly,

M. 1. Pupin, (ex-offirlu)G. L. Knight (ex -officio) L. 1'.' Robinson,P. V. Magalhaes,
C. 0. N1ailloux,
A. S. McAllister,
A II. Moore,

C. A. Adams,
L. W. Chubb,
W. A. Del Mar,
Gano Dunn.
II. W. Fisher,
B. Gherardi,
H. M. Hobart,
D. C. Jackson,

Secretary

LIST OF SECTIONS
Akron Ralph Higgins
Atlanta
Baltimore

Boston

Chicago

Cincinnati

Cleveland

Columbus

Connecticut

Denver

Detroit -Ann Arbor

Erie

Fort Wayne

Indianapolis -Lafayette

Ithaca

Kansas City

Lehigh Valley

Los Angeles

Lynn

Madison

Mexico

Milwaukee

Minnesota

Nebraska

New York

Niagara Frontier

Oklahoma

Panama

W. E. Gathright
W. B. Kouwenhoven

J. W. Kidder

Carl Lee

H. C. Blackwell

Chester L. Dows

R. J. B. Feather

A. A. Packard

V. L. Board

G. B. McCabe

H. J. Hansen

E. L. Gaines

H. M. Anthony

J. G. Pertsch, Jr.

R. L. Baldwin

W H. Lesser

R. A. Hopkins

E. D. Dickinson

L. E. A. Kelso

E. F. Lopez

H. R. Huntley

A. G. Dewars

0. J. Ferguson

H. A. Kidder

J. Allen Johnson

E. R. Page

L. W. Parsons

John Grotzinger, 64 MargueriteAve., Cuyahoga Falls, Ohio
W. F. Oliver,Box 2211,Atlanta,Ga.R. T. Greer, Madison St. Build-

ing, Baltimore, Md.
W. H. Colburn, 39 BoylstonStreet, Boston, Mass.
B. E. Ward, Room 1679, 230 S.Clark St., Chicago, Ill.
E. S. Fields, Union Gas & Electric

Co., Cincinnati, Ohio
J. F. Schnable, 3503 MapledaleAve., Cleveland, Ohio
W. T. Schumaker,2534 North HighSt., Columbus, Ohio
A. E. Knowlton, Dunham Labora-tory, Yale University. NewHaven, Conn.
R. B. Bonney, Telephone Building,P. 0. Box 960, Denver, Colo.
Harold Cole. Detroit Edison Co.,2000 Second Ave., Detroit,Mich.
L. H. Curtis. General Electric Co.,Erie, Pa.
D. W. Merchant, General ElectricCo.. Fort Wayne, Ind.
J. B. Bailey, 48 Monument Circle,Indianapolis, Ind.
Geo. F. Bason, Cornell University.Ithaca, N. Y.
S. M. DeCamp, 510 Dwight Bldg.,Kansas City, Mo.
G. W. Brooks, PennsylvaniaPower & Light Co., Allentown.Pa.
R. E. Cunningham. 1725 CamdenAve., So. Pasadena. Calif.
F. S. Jones, General Electric Co.,Lynn, Mass.
Leo J. Peters, University o f

Wisconsin, Madison, Wis.
H. Larralde, Isabel La Catolica,33 Mexico, D. F., Mexico
L. F. Seybold, 446 Public Service

Building, Milwaukee, Wis.
J. E. Sumpter, 919-23 Security

Building, Minneapolis, Minn.
C. W. Minard, 509 Electric Build-ing, Omaha, Neb.
H. V. Bozell, Bonbright & Co.,25 Nassau St., New York,N. Y.
A. W. Underhill, Jr., 608 Lafayette

Building, Buffalo. N. Y.
C. C. Stewart, Oklahoma Gas &

Elec. Co., Norman, Okla.
I. F. Mcllhenny, Box 413, BalboaHeights. C. Z.

Name

D. W. Roper,
Charles P. Scott,
C. H. Sharp,
C. B. Skinner,F. D. Newbury,
F.lihu Thomson,H. S. Osborne (ex-officio) R. B. Williamson.Farley Osgood

Chairman SecretaryPhiladelphia

Pittsburgh

Pittsfield

Portland, Ore.

Providence

Rochester

St. Louis

San Francisco

Saskatchewan

Schenectady

Seattle

Sharon

Southern Virginia

Spokane

Springfield, Mass.

Syracuse

Toledo

Toronto

Urbana

Utah

Vancouver

Washington, D. C.

Worcester

Total 51

Nathan Shute R. H. Silbert, 2301 Market St.,Philadelphia, Pa.G. S. Humphrey W. C. Goodwin. WestinghouseElec. & Mfg. Co., East Pitts-burgh, Pa.E. D. Eby C. H. Kline, General Electric Co.,Pittsfield, Mass.L. W. Ross J. C. Henkle, Hawthorne Building.Portland, Ore.W. P. Field F. N. Tompkins, Brown Univer-
sity, Providence, R. I.A. E Soderholm Earl C. Karker, Mechanics Insti-tute, Rochester. N. Y.Fred D. Lyon Ralf 'I'. Toensfeldt, 311 City Hall.St. Louis, Mo.

R. C. Powell A. G. Jones. 807 Rialto Building.
San Francisco, Calif.

E. W. Bull W. P. Brattle,Dept.of Telephones.
Parliament Bldgs.,Regina,Sask.W. J. Davis, Jr. W. E. Saupe, Bldg. No. 41,General Electric Co., Schenec-tady, N. Y.

E A. Loew C. E. Mong, 505 TelephoneBuilding, Seattle, Wash.
W. M. Dann L. H. Hill, Westinghouse Elec. &Mfg. Co., Sharon, Pa.
W. S. Rodman J. H. Berry, 1338 Rockbridge

Ave., Norfolk, Va.
G. S. Covey Richard McKay, WashingtonWater Power Co., Lincoln &Trent, Spokane, Wash.R. P. King J. Frank Murray. 251 Wilbraham

Ave., Springfield, Mass.
W. C. Pearce L. N. Street, College of AppliedScience, Syracuse University,Syracuse, N. Y.A. H. Stebbins

Max Neuber, 1257 Fernwood Ave..Toledo, OhioL. B. Chubbuck W. L. Amos, Hydro-Elec. Power
Commission, 190 University Ave..Toronto, Ont.C. A. Keener J. T. Tykociner, 300 Electrical
Laboratory. University of Illi-nois, Urbana, Ill.

John Salberg D. L. Brundige, Utab Pr. & Lt.Co., Box 1790, Salt Lake City.Utah.
A. Vilstrup C. W. Colvin, B. C. Elec. RailwayCo., Hastings St., Vancouver.B. C.
A. F. E. Horn L. E. Reed, Potomac Elec. Pr.Co., 14th & C Sts.. N. W.,Washington. D. C.
E. T. Harrop Fred B. Crosby, 15 Belmont St..Worcester, Masa.
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Name and Location

LIST OF BRANCHES
Chairman Secretary

Counselor
(Member of Faculty)

Alabama Polytechnic Institute, Auburn, Ala
Alabama, University of, University, Ala.
Arizona, University of, Tucson, Ariz.
Arkansas, University of, Fayetteville, Ark
Armour Institute of Technology, Chicago, Ill
Brooklyn Polytechnic Institute, Brooklyn, N.
Bucknell University, Lewisburg, Pa

J D. Stewart
C E. Rankin
C A. Rollins
R. McFarland
H. J. Prebensen
J C. Arnell
T J Miers
W. A. Lewis
C F. Dalziel
G L. LeBaron
C A. Baldwin
B J Kroeger
F Sanford
W. R. MacGregor
B. V. Martin
C 0. Nelson
O V. Miller
F H. Miller
Harold Henson
E B. Middleton
O B. Turbyfill
W. M. McGraw
R. C. Beam
P E. Benner
L Dimond
A. M. Young
K. R. Krehbiel
J A. Weingartner
A H. Gabert
F G. Kear
O D. Westerberg
S B. Coleman
C. H. Legler

Massachusetts Institute of Technology, Cambridge, Mass Stuart John
Michigan State College, East Lansing H. C. Roberts
Michigan, University Of, Ann Arbor, Mich M. H. Nelson

S A. Moore
R L. Christen
M. P. Weinbach

Missouri School of Mines and Metallurgy, Rolla, Mo W. J. Maulder
Montana State College, Bozeman, Mont T. A. Van Noy
Nebraska, University of, Lincoln, Neb R Worrest
Nevada, University of, Reno, Nev George Fairbrother

J Wilson
New York University, New York, N. Y W. R. Steeneck
North Carolina State College, Raleigh, N. C F P. Dickens
North Carolina, University of, Chapel Hill M. L. Murchison
North Dakota, University of, University V L. Cox
Northeastern University, Boston, Mass F W. Morley
Notre Dame, University of, Notre Dame, Ind C. A. Rogge
Ohio Northern University, Ada, Ohio M. Heft
Ohio State University, Columbus, 0 Lee P. Doyle
Ohio University, Athens, Ohio N. R. Smith
Oklahoma A. & M. College, Stillwater, Okla W. J. Beckett
Oklahoma, University of, Norman, Okla F 0. Bond
Oregon Agricultural College, Corvallis. Ore H. E. Rhoads
Pennsylvania State College, State College, Pa W. L. Koehler
Pennsylvania, University of, Philadelphia J P. Lukens
Pittsburgh, University of, Pittsburgh. Pa S A. Swetonic
Purdue University, Lafayette, Ind A. Howard
Rensselaer Polytechnic Institute, Troy, N. Y F M. Sebast
Rhode Island State College, Kingston, R. I D. B. Brown
Rose Polytechnic Institute, Terre Haute, Ind J H. Utt
Rutgers University, New Brunswick, N. J Stanley Hunt
South Dakota State School of Mines, Rapid City, S. D J V. Walrod
South Dakota, University of, Vermillion, S. D L J. Stverak
Southern California, University of, Los Angeles, Calif J H. Shideler
Stanford University, Stanford University, Calif ..F. E. Crever
Stevens Institute of Technology, Hoboken, N. J D. 13. Wesstrom
Swarthmore College, Swarthmore, Pa J S. Donal, Jr.
Syracuse University, Syracuse, N. Y K. N. Cook
Tennessee, University of, Knoxville, Tenn D. H. Sneed
Texas A. & M. College, College Station, Texas L H. Cardwell
Texas, University of, Austin, Tex A. B. Atkinson
Utah, University of, Salt Lake City, Utah F C. Bates
Virginia Military Institute, Lexington, Va E. T. Morris
Virginia Polytechnic Institute, Blecksburg, Va M. R. Staley

T. M. Linville
Washington, State College of, Pullman, Wash E L. Clark
Washington University, St. Louis, Mo
Washington, University of, Seattle, Wash
Washington and Lee University, Lexington, Va
West Virginia University, Morgantown, W. Va
Wisconsin, University of, Madison, Wis
Worcester Polytechnic Institute, Worcester, Mass
Wyoming, University of, Laramie, Wyo
Yale University, New Haven. Conn
Total h7

Y

California Institute of Technology, Pasadena, Calif
California, University of, Berkeley, Calif
Carnegie Institute of Technology, Pittsburgh, Pa
Case School of Applied Science, Cleveland, 0.
Catholic University of America, Washington, D. C.
Cincinnati, University of, Cincinnati. 0
Clarkson College of Technology, Potsdam, N. Y
Clemson Agricultural College, Clemson College, S. C
Colorado State Agricultural College, Ft. Collins, Colo
Colorado, University of, Boulder, Colo
Cooper Union, New York, N. Y
Denver, University of, Denver. Colo
Drexel Institute, Philadelphia, Pa
Florida, University of, Gainesville. Fla
Georgia School of Technology. Atlanta, Ga
Idaho, University of, Moscow, Idaho
Iowa State College, Ames, Iowa
Iowa, University of, Iowa City, Iowa
Kansas State College, Manhattan, Kan
Kansas, University of, Lawrence, Kans
Kentucky, University of, Lexington, Ky
Lafayette College, Easton, Pa
Lehigh University, S. Bethlehem, Pa
Lewis Institute, Chicago, Ill
Maine, University of, Orono, Me
Marquette University, Milwaukee, Wis

Milwaukee, Engineering School of, Milwaukee, Wis
Minnesota, University of, Minneapolis, Minn.
Missouri, University of, Columbia, Mo

New York, College of the City of, New York, N. Y

Virginia, University of, University, Va

W. W. Bracken
M. E. Johnson
D. S. McCorklo
R. W. Beardslee
Ben). Tents
1). A. Odder
E. Murray
S A. Tucker

I. L. Knox
Sewell St. John
J. W. Cruse
J. Demarke
W. A. Dean
J. H. Diercks
C. A. Rosencrans
A. E. Schueler
R. S. Briggs
H. E. Ashworth
A. B. Anderson
J. E. O'Brien
W. C. Osterbrock
L. G. Carney
W. H. Sudlow
D. W. Asay
L. E. Swedlund
H. T. Wilhelm
Allea Ohlson
W. N. Richards
R. Theo. Lundy
F. L. Kaestle
James Garin
H. J. Biddulph
A. C. Boeke
John Yost
K. B. Clark
C. E. Albert
F. G. Keim
J. H. Shuhart
R. G. Raymond
H. S. McPhee
M. J. Smith
H. W. Geyer
R. A. Bailey
S. L. Burgwin
B. J. Chromy
A. A. Lee
L. Spraragen
R. P. Baumgartner
J. A. Thaler
C. J. Madsen
Cornelius Fort
J. Leipziger
H. A. Weber
H. Baum
D. M. Holshouser
0. B. Medalen
L. C. Tyack
J. T. Burton
P. W. Wadsworth
J. S. Floddy
J. E. Quick
Lee Rogers
E. F. Durbeck, Jr.
B. E. Plowman
J. E. Hogan
J. G. Haydock
L. M. Brush
T. B. Holliday
K. C. Wilsey
S. J. Bragg
E. Letsinger
S. B. Aylsworth
C. Allen
R. T. Brackett
E. E. Smith
C. R. Walling
Gene Witham
R. W. Lafore
R. H. Watkins
H. B. Shultz
C. A. Altenbern
T. S. Gray
C. E. Hoffman
J. H. Diuguid
R. M. Hutcheson
II. M. Dixon, Jr.
flurry Meahl
S. E. Newhouse, Jr
C. M. Murray, Jr.
C. M. Wood
W. P. Davis
N. B. Thayer
C. II. Kiiiikp
V. D. Shinbur
G. C. Bailey

W. W. Hill

Paul Cloke
W. B. Stelzner
D. P. Moreton
Robin Beach
W. K. Rhodes
R. W. Sorensen
T. C. McFarland
B. C. Dennison
H. B. Dates
T. J. Mac Kavanaugh
W. C. Osterbrock
A. R. Powers
S. R. Rhodes

W. C. DuVall
Norman L. Towle
R. E. Nyswander
E. 0. Lange
J. M. Weil
E. S. Hannaford
J. H. Johnson
F. A. Fish
A. H. Ford
C. E. Reid
G. C. Shaad

Morland King
J. L. Beaver
F. A. Rogers
W. E. Barrows, Jr.
J. F. H. Douglas
W. H. Timbie
L. S. Foltz
B. F. Bailey
B. A. Bovee
H. Kuhlmann
M. P. Weinbach
I. H. Lovett
J. A. Thaler
F. W. Norris
S. G. Palmer
Harry Baum
J. Loring Arnold
G. C. Cox
P. H. Daggett
D. R. Jenkins
W. L. Smith
J. A. Caparo

F. C. Caldwell
A. A. Atkinson
Edwin Kurtz
F. G. Tappan
F. 0. McMillan
L. A. Doggett
C. D. Fawcett
H. E. Dyche
A. N. Topping
F. M. Sebast
Wm. Anderson
C. C. Knipmeyer
F. F. Thompson
J. 0. Kammerman
B. B. Brackett
C. E. Guse
H. H. Henline
Frank C. Stockwell
Lewis Fussell
C. W. Henderson
Charles A. Perkins
F. C. Bolton
J. A. Correll
J. P. Merrill
S. W. Anderson
Claudius Lee
W. S. Rodman
H. V. Carpenter
II. 0. hake
George S. Smith
R. W. Dickey
A. H. Forman
C. M. Jansky
II. A. Maxfield
0. H. Sochrist
Charles F. Scott
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DIGEST OF CURRENT INDUSTRIAL NEWS
NEW CATALOGUES AND OTHER PUBLICATIONSMailed lo tairrested readers by instliny Companies

Watthour Meters. ---Bulletin 71, 100 pp., entitled "Instruc-tions fur Sungamo D-5 Watt hour Meters." Sangiono ElectricCompany, Springfield, Ill.
Tachometers. --Catalog 1700, 24 pp. Describes tachometersfor recording and indicating purposes, applicable on all revolvingmachinery. The Bristol Company, Waterbury, Conn.Motors. ---Bulletin 323. Describes "Master" motors, con-sisting of a complete line of small motors to fit practically anycurrent specifications. The Master Electric Company, Linden& Master Avenues, Dayton, Ohio.
Bus Connectors.-Catalog 26, 48 pp. Describes a uniquelino of high tension bus connectors. These devices are for con-necting copper tubing and cable in all combinations. Manynovel designs are included. Burndy Engineering Company,Inc., 10 East 43rd Street, New York.
Pyrometers.-Catalog 15, 80 pp. In addition to a compre-hensive outline of the development of pyrometry, a chapter isdevoted to the advantages of pyrometers for various industriesand the economies effected. The Brown Instrument Company,Wayne & Windrim Streets, Philadelphia, Pa.
Welding Rods.-Bulletin, 24 pp., "Effect of Surface Materialson Steel Welding Rods." Includes a new arrangement of data ongas and electric filler rod, which shows by means of tables andspecifications, uses and the comparative properties of the varioustypes. Chicago Steel & Wire Company, 103rd Street & Tor-rence Ave., Chicago, Ill.
Oil Engines.-Catalog, 33 pp. Describes direct -injectionoil engines for all purposes. The text matter, which consists oftechnical data and details of the "PO" oil engines of 55, 110 and150 B. H. P. sizes, is profusely illustrated by forty-two illus-trations of plant layouts, installation views, diagrams and enginedetails. Ingersoll-Rand- Company, 11 Broadway, New York.

NOTES OF THE INDUSTRY
Ohio Brass Company Moves Chicago Office.-Announce-ment is made of the removal of the Chicago office of the OhioBrass Company from 1217 to 1714 Fisher Building.W. H. Perkins, who formerly represented the Trumbull SteelCompany in the New England territory, is back again after ayear's absence and in charge of their Boston Office at 141 MilkStreet.
Packard Electric Company, Warren, 0., announces theappointment of Harris & Butler, Real Estate Building, Phila-delphia, as district managers for Packard transformers in thePhiladelphia territory.
H. G. Pierce was made manager of the Berlin office of the

International General Electric Company, succeeding L. A. Trone.Mr. Pierce has been with the International Company since 1917,when he had charge of sales in China.
Railway & Industrial Engineering Company, Greens-burg, Pa., has purchased the property and building of the PennAluminum Company, adjoining their present plant. Thebuilding will be enlarged for additional storage space.
New Office for Delta-Star.-H. W. Young, president of theDelta -Star Electric Company, announces the opening of a newand larger office at 140 Cedar Street, New York, in charge ofW. S. Nichols, assisted by P. H. Butler and A. R. Beger.
Personnel Changes in Timken Company.-T. F. Rose,formerly assistant manager of the Chicago branch of the Timken

Roller Bearing Service & Sales Company, has been appointed
branch manager of the Cincinnati office. H. C. Sauer has been
appointed manager of the Detroit branch. Mr. Sauer was for-merly assistant manager of the Cleveland branch. Fred G.
Rumball, formerly branch manager of the Kansas City branch,

huh I" II". Ie,nll1.111 .,r sales
11311,011101.1V1,v isjiiii, or I Iii Tiiii10.11 Ifoiler Bearing iimpany. Mr. !Gimbal!will lime hi, headquarters tt levelaud with Edgeley Il . .1 ted ,assistant manager of sales. The position of branch tilustatip-r utKansas ity will be filled by J. M. Caro), , whe has been promotedfrom the position of salesman under Mr. Rt1111Indl.New A -C Starter. -A new starter is announced by theGeneral Electric Company, Schenectady, N. Y., bearing thetype designation CR-7055-A-1. It is a reversing primaryresistor for squirrel cage induction motors. Two three -pole linecontactors are provided with this starter. These contactorsare electrically and mechanically interlocked and are mountedback-to-back on the panel. A magnetic time interlock pro-vides a predetermined definite time of from one to threeseconds between the closing of the line contactor and of theaccelerating contactor. Two -point starting is provided by Aresistor designed to conform to Electric Power Club classificationNo. 16. A temperature overload relay with an external resettingmechanism furnishes overload protection. The enclosing caseis of sheet metal, semi -ventilated, and is provided with feet forwall mounting.

Synchronous Motor Control.-A complete self-contained.oil -immersed automatic starter for 2300 volt synchronous motorshas been developed by the Electric Controller & ManufacturingCompany, Cleveland, 0. This is built for across -the -linestarting of slow speed motors and for reduced voltage startingof the higher speed motors. To start, a button is pushed, andas the motor approaches synchronous speed the field excitationis automatically applied. The reduced voltage starter consistsof a welded boiler plate tank which contains an automatic double -throw switching mechanism, a power transformer for providingstarting voltage, potential transformers for providing 220 voltsfor the master switch operating current and the current limittransition relay, which connects the motor to full voltage whenit has been accelerated to approximately 85 per cent of synchro-nous speed. The equipment is complete in a single unit, whichmakes possible floor mounting of all the apparatus necessary forstarting synchronous motors.
Building Program of $5,000,000 For Westinghouse.-The present building program for the expansion of facilities atvarious plants and offices of the Westinghouse Electric &Manufacturing Company will involve an expenditure of $5,525,-000, according to T. P. Gaylord, acting vice-president of thecompany. The cost of the general office building now nearingcompletion at the Pittsburgh Works is $1,500,000. Additionalconstruction is under way or will begin soon on the company'splants at Mansfield, Detroit, St. Louis, Springfield, Sharon andDerry.

Pyrex for High -Voltage Insulators.-The Corning GlassWorks, Corning, N. Y., announces its entrance into the electricaltransmission field with high-tension Pyrex insulators. Thecompany states that many years of intensive research has proventhat Pyrex insulators have the required qualities necessaryfor a perfect insulator. These qualities are said to be low tem-perature rise with uniform temperature throughout, transparencypermitting ease of inspection, non -hygroscopic, permanent anduniform dielectric strength, quick drying surface, and the abilityto withstand concentrated power arcs. Several thousands ofthese insulators are said to have been in service on the MontanaPower system for about two years. At the present time thecompany is offering pin-type insulators of a one-piece design foroperating voltages from 6,600 to 50,000. Development workis proceeding on suspension and flange or stack -type units andfurther announcements regarding these will be made later.Raymond W. Lillie is Manager of Power Line Insulator Sales,located at Corning Glass Works, 501 Fifth Ave., New York City.The main factory and offices are located at Corning, N. Y.
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The careful investor judges a
security by the history of its
performance.

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.

R CAIN. E
ATED

SA.N NC 3
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More Than
Anti-Friction

Electric motors equipped with
Timken Bearings do run for
months without renewal of
lubricant. Still more important,
they run for years without
ANY other attention!
The Timken-made steel in
Timken Bearings, their tapered
design, and their positively
aligned rolls provide endurance
which permanently maintains
the closest gap. Heaviest loads,
including thrust,are so compactly
carried that mountings are
most rigid arid simple. Starting
conditions also are greatly im-
proved by the use of Timken
Tapered Roller Bearings.
What other element of motor
design can assure you of so many
major economies? You cannot
buy motors wisely today without
considering Timken Bearings,
obtainable in leading makes.
THE TIMKEN ROLLER BEARING CO.
C A N T O N, OHIO

4 Timken -Equipped
motor by the Howell
Electric Motor! Co.,
Howell, Michigan

GPOC93
ROLLER BEARINGS

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.



June 1926 ADVERTISING SECTION 3

192 2
by MURPHY
(500 Miles)

94.48
Miles Per Hour

1924
by BOYER

(500 Miles)
98.24

Miles Per Hour

New
Ball BearinAs

EACH succeeding record means greater
speeds, more terrific strains and calls
for still greater endurance - many

times that ever demanded in ordinary

1924 service.
by FENGLER
(250 Miles) Because they have never failed in any race,

I 16. nor showed any sign of wear, practically
Miles Per Hour every driver in the great speedway races

uses New Departure exclusively. De
Paolo's car, for instance, has 47, taken at
random from general stock.

The superlative quality which enables
New Departures to endure the grinding,
gruelling, racking stresses of such break-
neck speed also makes them preferable in
any mechanism where a reduction of fric-
tion and wear is advantageous and a long
life of uninterrupted service desirable.

1924
The New Departure Manufacturing Company

by HILL Chicago Bristol, Connecticut Detroit

(250 Miles)
126.9

Miles Per Hour
19 26

(250 Miles)
131.29

Miles Per Hour

1925J
by De PAOLO
(500 Miles)

101.13
Miles Per Hour

19 26
(300 Miles)

129.29 Oft,
Miles Per Hour drik

, 1926
by Haitz'

(300 Miles)
131.1

Miles Per HouB

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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"ZsIVR/YkAck"
PRECISION

BALL BEARINGS

and
7-107 F F/YS.A.N1 IA"

PRECISION
ROLLER BEARINGS

MAKE
GOOD MOTORS

BETTER

6hould the Life
and the Earnimq Powerofan Electric Motor
be limited by its Bearirws

Motor windings seldom tail. Good insulations stand up.
Commutators wear but slowly. Brushes are easily and
inexpensively replaced.

What, then, makes motors "wear out"? What cuts down
their efficiency and finally fails?

Experience, alike of motor manufacturer and motor user,
furnishes the answer-inadequate, unreliable, sleeve type
bearings.

Whatever of anti -friction quality a sleeve type bearing .possesses,
it has by virtue of the lubricant used and not because of any
friction -reducing quality in the sleeve type bearing itself.

The success or failure of such a bearing, then, depends upon
its lubrication. Inadequate, or neglected, or improper lubri-
cation means the failure of the sleeve type bearing-and
this means the failure of the motor.

The one and only complete solution of the motor bearings
problem lies in the use of true anti -friction bearings-

Bearings which, though vastly improved in their operation
by ample and proper lubrication, are yet not absolutely de-
pendent upon the lubricant for their anti -friction qualities-
Bearings designed to provide, in their mountings, a store of
lubricant ample for long periods of high -efficiency operation,
without renewal or attention-

Ball Bearings for motors of smaller powers and higher
speeds: Roller Bearings for motors of larger powers and
heavier duty.

The production cost, to the manufacturer, and the purchase
price, to the buyer, may be a little higher for the ball or roller

, bearing motor.

But this difference is far over -shadowed by the subsequent
savings resulting-the saving in lubricant, the saving in
current, the uninterrupted service, the lower up -keep, the
longer life of sustained high efficiency.

WURMA-i-PC7FFMANN BEARINGS VORPTRATIVN
hamCvrd- Connecticut

PRECISIQN BALL, ROLLER AND THRUST BEARINGS

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Ward
Leonard

makes resistors
and rheostats for
every electrical
need.

1

Vitrohm Tubes

Field Rheostats

Controllers

I4 \ \

Ribohm Resistors

Automatic
Starters

Circuit Breakers

Dimmers

2

VITRO HM
is a world standard

Pressed Steel Plate. e base of Vitrohm Rheo-
stats is steel, rigid, sub tial and durable, yet light in
weight.

Clean Surface. The el plate, after forming, is sand -blasted to
remove foreign particles d prepare it for enameling.

3
Ground Coat. Th and -blasted surface is covered with a ground coat of
enamel, forming a hi resistance, heat conducting surface which permanently
insulates the elec ircuit from the steel plate.

4
Resistive Con tor. On top of the ground coat there is laid the resistive con-
ductor of tested ro temperature co -efficient metal, equipped with heavy contacts
mechanically a hed at the proper points. These joints, being made under high-

pressure with clean rfaces and no solder, are mechanically and electrically perfect.

Vitroh

weld'
d the resistive conductor and the joints between it and the contacts,
nsulation. Finally, enamel is applied in sufficient quantity to com-

pletely
11 parts together in one solid mass which protects all metallic parts from cor

rosion and chanical injury, and yet provides perfect contact for the dissipation of heat.

The net result is that you can buy, without increase in cost, rheostats that6 occupy less space, have more control steps, are lighter in weight for a given
rating than any other type and which do not change in resistance through
aging or corrosion.

If you use field rheostats, specify Vitrohm and you will have the best

Ward Leonard chic Company
37.41 South Street Mount Vernon. N. Y.

2522-4

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

Atlanta-
G. P. Atkinson

Baltimore-
J. E. Perkins

Boston-
W. W. Gaskill

Chicago-
Westburg

Eng. Co.

Cleveland-
W. P. Ambos :o.

Detroit-
C. E. Wise

Los Angels"-
Bell & Slimmon

New Orleans-
Electron Eng.

Co., Inc.

Philadelphia-
W. Miller

Tompkins

Pittsburgh-
W. A. Bittner Co.

San Francisco-
Elec. Material Co.

Seaftle-
T. S. Wood

St. Louis-
G. W. Pieksen

Montreal-
BishopSalesCorp.

Toron to-
I). M. Frazer, Ltd.

London -
W. Geipel & Co.

Melbourne &
Sydney, Australia
-Warburton,

Franki,
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The Telephone Relay
When you lift the receiver this

alert mechanism-one of over
3000 types-relays your signal
to the switchboard, lighting a
tiny lamp. Other relays then
operate to complete your call.

1*

--'0"4410-440-'64voirro".....tolore.r.P1'"0141/#0,Weve

day runners
in your telephone circuit

The relay runner, carrying or from
man to man, finds his counterpart in
the telephone relay., Every time you
lift your receiver off the hook you set
in motion a relay system which, if less
thrilling than a race, is infinitely faster
and surer to come through.

The telephone relay is. the heart of
a vast unseen plant which you are apt
to take for granted. Like every other

part it must be skillfully built-and the
whole carefully fitted together.

Western Electric has one hundred
per cent responsibility for manufactur-
ing the equipment for the Bell System.
It is our business to make everything
from relay to switchboard, from tele-
phones to cable, and to make these
to the uniform standard-"It must
not fail. "

e ..Elect
SINCE 1882 MANUFACTURERS FOR THE BELL SYSTEM

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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500,000
VOLTS

IN

ONE
UNIT

A Testing
Transformer
for Messrs.
A. Reyrolle & Co.,
Ltd.,
Switchgear
Manufacturers

TRANSFORMERS

Ferranti
Limited

Hollinwood
Lancashire

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.

The
Ferranti

Meter and
Transformer
Manufactur-
ing Co., Ltd.,
26 Noble St.

Toronto
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Out where
trouble maybegth

.1,ifirnal ,1. I, E. E.

The success of G -E Oil Circuit
Breakers reflects the value of
the experimental work done by
a large organization at a cost
of millions annually. Only by
means of the experimental and
testing facilities at the disposal
of G -E engineers could G -E
switching devices and complete
cquipment have been perfected
as they are today. This applies
also to other apparatus for
control, protection and distri-
bution, all of which can be
furnished by General Electric.

The black spot marks where trouble is the most likely to
begin-out on the distribution line.

Failure of equipment to clear the line without danger to
itself, allowing the trouble to spread, means an interrup-
tion-a "black spot" on your service.

Therefore, stop line trouble near its source; stop it at theoutlying substation-in the explosion chamber of aGeneral Electric oil circuit breaker.

GENERAL
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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One type of
Explosion Chamber

Oil Circuit Breaker
.401".77-450'

and where that
trouble is ended
The most outstanding feature of G -E High -
Voltage Breakers is the explosion chamber-
fastened to the entrance bushing and submerged
in the oil-for assisting arc interruption. This is

one of the most important developments ever
made in oil circuit breaker manufacture. It
insures not only reliable operation over a long
period, but the highest interrupting capacity for

a given size.

ilL.-111,

tirog.-fr

E E
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Cost

Weight
Size

Arrangement
Connections
Installation

[EnduranceProtectionLife

Where Oxide Film Arresters
give the most satisfaction

The Oxide Film Arrester hascome up to expectations be-cause it was founded on a
correct principle and is builtexactly in accordance with
that principle. That it oper-ates on that principle is ver-
ified by recent studies with the
cathode-ray oscillograph, the"electric microscope"-again
pointing to the value of Gen-
eral Electric's complete facil-ities for research.

The Oxide Film Arrester's endurance is due to itslarge cells-% in. in thickness and 23 sq. in ofactive discharge area, all effective all the time,
furnishing sufficient heat -absorbing capacity towithstand the hard knocks of transmission service.
That this arrester gives protection against light-ning has been demonstrated by ten years of oper-ating experience.
The same experience has proved that its life is atleast as long as that of the apparatus it protects.
When buying arresters, be sure to consider allthe facts.

GENERAL ELECTRIC
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Load Ratio Control-for Belgium

This installation empha-
sizes the enterprise of the
American electrical manu-
facturer in the European
field. It is another instance
of the cosmopolitan demand
for the product of American
engineering in things elec-
trical.

In the electrolytic refining of copper it is very desira-
ble to control the current by varying the voltage-and
without interruption of the circuit.

To accomplish this, the Oolen Refinery of the Societe
Generale Metallurgique de Hoboken in Belgium chose
to vary the voltage applied to the rotary converter by
means of a G -E Transformer equipped with Motor -
Operated Load Ratio Control. By this method the.
voltage can be varied at any time while the equipment
is in operation.

These G -E Transformers are rated 2055 kv-a., taking
power from a 3 -phase, 6600-volt, 50 -cycle circuit and
delivering 5270 amperes to the 6 -phase rotary con-
verter at a voltage which can be varied from 66 to 130
volts in nine steps. Finer adjustments in the d -c.
voltage are obtained by field control.

171D8

GENERAL ELECTRIC
GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y., SALES OFFICES IN ALL PRINCIPAL CITIES

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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4 BIG POINTS
of Superiority

High -Speed Contacts shorten the arcing timeand lessen the duty on the breaker structure.
Condenser -Type Bushings provide the maxi-

mum mechanical strength and high-grade insulation.
Mufflers allow the escape of air from the break-

er chamber and prevent the spillage of oil. Freeescape of the air precludes the possibility of second-
ary explosions due to the mixture of the arc gasseswith oxygen.

Pole Compartments Isolated-The operatingshafts pass through machined bearings ; there is no
passage -way for gas between pole chambers. Each
compartment is completely isolated from the others.

Each of these features adds materially to the length
of life and the quality ofservice rendered by Westing-
house high-powered, high-voltage, oil circuit -breakers.

Westinghouse Electric & Manufacturing Company
East Pittsburgh Pennsylvania

Sales Offices in AU Principal Cities of
the United States and Foreign Countries
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The illustrations show the type C-22,
88,000 -volt oil circuit -breaker and its
contacts. The main contacts are open,
and the high-speed contacts are about
to open.

The curve shows the relative open-
ing speeds for plain contacts and high-
speed contacts for this breaker. That
the high-speed contacts materially les-
sen the duty on the breaker is evident
from the fact that the arcing time is
less than one-third of that for plain
contacts. This relation holds for all
Westinghouse high-speed contacts.

Westinghouse
Please mention the JOURNAL of the A. L E. E. when writing to advertisers.
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Type

TMBUED with the same
1 determination as the
gallant men who dare the
Northland for the sake of
human progress, CONDIT
engineers are opening up new and
untrodden fields of electrical pro-
tective development.
The Type M-21 manhole oil circuit breaker
discloses possibilities of great significance
to those who are striving to keep pace with
modern service demands. CONDIT design
and construction principles-double tanks,
resiliently suspended, massive steel con-

struction, high speed of circuit
interruption-give it a safety,
dependability and efficiency
that make it worthy of your

manhole or subway requirements.

CONDIT ELECTRICAL MFG. CORPORATION

Manufacturers of Electrical Protective Devices

Sole Distributor for the Dominion of Canada

Specifications: 400 amperes, 55,000 volts, interrupting capacity, 6,000 amperes at 15,000 volts.

8334

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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KUHLMAN TRANSFORMERS
Scott-Connected

This customer had two transformers Scott -connected, 200 K. V. A. each. He wanted to in-crease his bank to 800 K. V. A. at the same timeretaining his old transformers.
We recommended that the two transformersalready in use be connected in parallel and operatedas the main. A single phase Kuhlman 400 K.V. A.Transformer was installed, Scott-connected, andoperated as the teaser. Result,-an enthusiasticcustomer.

Our engineers will be glad to help you with yourparticular transformer problem.
Ask for Bulletin A IEE 210.

KUHLMAN ELECTRIC COMPANY
Manufacturers of Power, Distribution and Street Lighting Transformers

BAY CITY, MICHIGAN

1M "Mown

Ann. //m

TRAITS702,14ZRS
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Puget Sound Power Si Li ht Compang.
uses

Tr ansformer
Oil Purifiers

THE Puget Sound Power & Light Company-a Stone & Webster
property-keeps its transformer and circuit breaker oil clean
and dry with three portable De Laval Transformer Oil

Purifiers. Another De Laval Purifier of the stationary type is
used to clean lubricating oil at the Concrete power station.

Bulletins 106 and 107 tell why power systems of this kind
find De Laval Centrifugals the most dependable and econom-
ical means of purifying oil. Mail the coupon for your copies.

THE DE LAVAL SEPARATOR COMPANY
New York, 165 Broadway Chicago, 600 Jackson Blvd.

DE LAVAL PACIFIC COMPANY
San Francisco

The illustrations show
two views of a portable
De Laval Transformer Oil
Purifier at the new Beverly
Park substation of Puget
Sound Power & Light
Company, Seattle, Wash.
In the upper illustration
the Purifier is assembled as
a non -aerating unit for
dehydrating oil in trans-
formers of the conservator
type. The other illustra-
tion shows the same `
machine with regu tia-

lar equipment, 9"
as used for e
all other ./.0.1"
services.
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0-B Switch Insulators on
New Boardman Substation of

Pennsylvania-Ohio Power & Light Co.

In the
Youngstown

District

-0-
Designed and
Constructed

by
Stevens &
Wood, Inc.

New York City

The new Boardman substation, designed for ul-timate capacity of 500,000 Kva., and providingfor utilization of power from the new Torontopower station of the OhioRiver Edison Company,gives the Youngstown district ample presentfacilities and capacity for future developments.
It is specific evidence of utility company far-sightedness in providing for the growth ofelectric power needs.

The Engineers have expressed confidence in O -Bmaterials O -B Switch Insulators in the sub-station, and 0-B Suspension Units on the 40-mile, 132,000 -volt transmission line leadingto it from the Toronto power station.

S211

hio rassINaL, ILKIALS. bONDS. LAN LQUIFIALNT. MUW.V 1,4 A ...sUALIN VALVG

No. 27192 0-B Switch In-
sulator used for bus and
switch work in the Board-
man station.

Mansfield, Ohio
Dominion Insulator & Mfg. Co., Limited

Niagara Falls, Canada
Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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010 last word in Switch and
3ranstormerOil 9)ttnfication

SHARPLES PROCESS
for Purification of Used Insulating Oils

Of the many centrifugal processes Sharples has
contributed to various industries, one of the most
important is the Sharples Chemical -Centrifugal
Process for reconditioning switch oils, which is a
real contribution to the electrical industry.

The Sharples Process illustrated above can be
used for the chemical -centrifugal treatment of
not only badly carbonized switch oils, but also
for sludged transformer oils.

Each of these centrifugal machines can also be
used independently for the dehydration of

li!ADDI... GREAT FORCE
1/M WS MI AIR

transformer oils when not in use in the chemical -
centrifugal process.
For the first time it is now possible to recondition
insulating oils that previously had to be dis-
carded.
The cost of reconditioning such oil is so low that
large users of circuit breaker oils can realize a
splendid return on their investment in this
process.
Sharples Engineers will forward complete details
on this process to all interested parties. Write
today for these important facts.

THE SHARPLES SPECIALTY COMPANY, 2324 WESTMORELAND
STREET, PHILADELPHIA. 13:>ston, New York, Pittsburgh, Chicago, Detroit,
Tulsa, New Orleans, San Francisco, Los Angeles, Seattle, London, Paris, Tokio.

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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SERVING
STATEN ISLAND

Livingston Substation

ONE of last year's outstanding achieve-
ments in the electrical industry was the

modernization of the power plant, substations,
transmission and distributing systems of the
Staten Island Edison Corporation.

This project involved the design and con-
struction of an improved distribution system
consisting of overhead lines, underground con-
duits and cables, 7 substations and the remod-
eling of main power house including new steel,
one 15,000 kw. turbine, 3 new boilers and new
boiler house, coal handling equipment, intake

tunnel, switching equipment and traveling
crane, and it was accomplished in one year.

Two of the world's largest transformers,each of 18,750 kv-a. 3 -phase, were installed atthe Livingston Substation. Six miles of un-
derground conduit system in which was in-
stalled approximately ten miles of 33,000 volt300,000 c. m., 3 -conductor paper insulated
cable, is located on the North Shore, and isone of the largest systems actually operatingat this voltage.

The J. G. White Engineering Corporation
Engineers

43 Exchange Place
Constructors

New York, N. Y.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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-and he thought no one
was watching him!

E is a junior executive in
a western office of one of
the largest railroads. It

seemed a very long way from his
desk to the president's-hard to
believe that any one in New York
was watching him, or caring par-
ticularly what plans he made for
his future.

One day came the memorandum
which is quoted in substance at the
right. It was a distinct surprise to
the yOung executive; he thought
about it after he reached home
that evening. The next morning
he sent a letter to the Alexander
Hamilton Institute.

"If the Company thinks your
Course is a good thing for us and
makes personal inquiries as to
whether we are enrolled or not, it is
time for us to sit up and show some
interest in ourselves," he wrote.

There is a double significance in
this incident. It is of interest first

To you, Mr. President
Do you know how many men in
your organization are taking the
Alexander Hamilton Institute
Course? More and more big cor-
porations are asking this question.
In the Standard Oil Company, for
example, 1,447 men are enrolled;
in the United States Steel Cor-
poration, 698 men; in the General
Electric Company, 979 men. And
among these numbers are included
the names of the most important
officials, as well as those of younger
men who are on the way to execu-
tive positions.

If the biggest businesses in the
country feel the supreme impor-
tance of executive training for
their men, doesn't your business
have the same necessity? Isn't it
worth your while at least to get the
facts about this Course which has
grown steadily in favor with busi-
ness leaders for fifteen years?

To you who are not a
President

You are, let us say, between
twenty-five and forty. You are on

MEMORANDUM
AILROAID
NEW YORK

PRESIDENTS OFFICE

Please investigate end report to
this office the nmmber of employees
in executive and semi -executive
positions who are enrolled in the
Alexander Hamilton Institute.

your way up. Perhaps you are in a
big enterprise, and it seems some-
times as tho the men at the top
were hardly conscious of your
existence. Or perhaps the com-
pany is small, and the possibilities
apparently limited. You wonder
sometimes whether your hard
work is really getting you any-
where. Is anyone watching you?
Is there anything you can do to
give yourself an advantage which
other men do not have?

You can be sure of one thing-
there is a search for all-round execu-
tives in this country, which grows
more and more keen every year.
There are department heads
aplenty-men who know selling,
men who know accounting, men
who know advertising, or office
management, or commercial law.
But the men who know the funda-
mentals of all these are very few
and the demand for them is
insistent.

Send for this definite plan
The Alexander Hamilton Institute
gives to men the equipment
which modern business
seeks most and for which
the largest rewards are
paid. It trains men to
direct men; to understand
the working of all depart -

Alexander Hamilton Institute
In Canada: C. P. R. Building. Toronto Jig^ In Australia: 11c Castlereagh Si., Sydney

F-ALEXANDER

This inquiry was sent to all departments from the
executive offices of one of America's largest railroads

ments-to analyze and decide.
Only a training which is authori-

tative and practical could have the
endorsement of the men who con-
stitute the Advisory Council of the
Alexander Hamilton Institute.
They are:

T. Coleman duPont, the well-known
business executive; Percy H. Johnston,
President of the Chemical National
Bank of New York; Dexter S. Kimball,
Dean, College of Engineering, Cornell
University; John Hays Hammond, the
eminent consulting engineer; Frederick
H. Hurdman, Certified Public Account-
ant and business advisor; Dr. Jeremiah
W. Jenks, the statistician and economist.

There is no mystery about the
Institute. The whole story is down
in a booklet entitled "Forking
Ahead in Business."

We invite you to send for this
book. Send whether you are a
president, or a future executive.
The book is sent without cost or
obligation, and our desire is to
have a copy in the hands of every
mature and thoughtful business
man.

This coupon will bring you the facts- - - - - - - - - - -
HAMILTON INSTITUTE

600 Astor Place New York City

Send me the book, "Forging
Ahead in Business," which I
may keep without obligation.

Name
Please write plainly

Business
Address

Business
Position................... ........................ .......... ......

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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MAGNET WIRE AND WINDINGS

This illustration pictures a small section of
the great DUDLO plants at Fort Wayne, In-
diana, the world's largest factories devoted
exclusively to quality Coils and Magnet Wire

Eastern Office and Warehouse
412 Chamber of Commerce Bldg.

NEWARK, N. .

Chicago Office
160 N. La Salle St.
CHICAGO. ILL.

Volume
Makes it possible for this plant to supply
manufacturers of electrical apparatus
unequalled products and service in

Fine Magnet Wire and Coils
For Every Purpose

This has become such a highly special-
ized field that even the largest electrical
manufacturers in the country are now
using DUDLO Wire and Coils instead of
attempting to make their own. They
find it pays from every standpoint.
Automobile manufacturers, whether
large or small, have found that it does not
pay them to try to make such parts as
spark plugs or tires. These are special
lines of manufacture. For the same rea-
son, manufacturers of electrical apparatusdo not attempt to produce their own
coils or windings, but find their greatest
success results from concentration on
their own products.
Manufacturers are invited to make our experi-
mental laboratories a department of their own
business. We suggest you allow our engineers
to develop coils for your products. No obliga-tion. Estimates will be gladly furnished oncoils built to your specifications.

D
U

DUDLO
L

DUDLO MANUFACTURING CORPORATION FT.WAYNE,IND.Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Dubilier paper dielectric
industrial condensers

Specify Dubilier condensers for all industrial purposes.
Dubilier condensers are giving complete satisfaction in

innumerable types of electrical equipment-viz.:

Sign Flashers
Magnetoes
Electro Medical Apparatus
Telephone and Telegraph Equipment
Submarine Cables
Signaling Systems
Contactors
Radio
Power Factor
Scientific Instruments

and many other kinds of electrical apparatus.

Dubilier engineering facilities are at your service-let us
quote on your requirements.

Dubilier
CONDENSER AND RADIO CORPORATION

4.377 Bronx Blsd., NevN York. N. Y.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



22
ADVERTISIN(1 SE("11()N .1,,iirtin I .1. I. E.

TransmissionTowers
Foruse where
heavy
occurs
kepeflify

THE illustration shows
the heavy ice loading

that has occurred in some
parts of the country.

The tower shown was
designed and tested on its
own foundations (earth
footings) for this special
condition, and it has also
proven to work satisfac-
torily under actual heavy
ice.

AMERICAN BRIDGE COMPANYEMPIRE BUILDING, 7I BROADWAY- NEW YORK, N .Y.Selling Offices in Principal CitiesTower Department -Frick Building -Pittsburgh, Pa.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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I. P. Morris Hydraulic Turbines
The Wm. Cramp & Sons Ship & Engine Building Co.

Richmond and Norris Sts., Philadelphia
New York Office: 100 Broadway

Birmingham Office: American Trust Building

Cheat Haven Hydroelectric Station
System of the West Penn Electric Company

Four 18,000 hp. I. P. Morris Turbines are at present being
installed for operation under a head of 81.5 ft.,

at a speed of 133.3 r.p.m.

THE SUB -STRUCTURE of the power station was constructed about
thirteen years ago. The draft tubes and scroll cases formed in the
concrete of this original construction were designed for turbines of 12.000
H. P. capacity. The Power Company subsequently decided that its load
characteristics warranted the installation of larger units and, after a series
of experiments conducted in the I. P. Morris Hydraulic Testing Labora-
tory on several models of turbine runners and various modifications of the
original draft tube design, it was found that turbines developing at least
50' , more power than those for which the station was originally planned
could be installed in the original settings with some modifications thereof.
These tests also indicated that such larger turbines, developing 18.000
H. P., could be expected to operate satisfactorily and at high efficiencies
with the modifications incorporated in the revised designs of the structures.

This station was designed and is being constructed by Sanderson & Porter, Engi-
neers, New York, in collaboration with Mead & Scheidenhelm, Consulting
Engineers, and the engineers of the \Vest Penn System.

Designers and builders of the Johnson Hydraulic Valve and the MoodySpiralPump
ASSOCIATED COMPANIES

THE PELTON WATER WHEEL CO., San Francisco and New York
DOMINION ENGINEERING WORKS, LTD., Montreal, Canadian Licensees
SOCIEDADE ANONYMA, HILPERT, Rio de Janeiro, Brazilian Licensees

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Pennsylvania Power & Ugh

\\ALLEN RM./PACK
LINE

tiAALIEV

S1004./OSSORG

 SIEGFRIED\\Ns", MOMNow..
AILIAICAVN

DE NNSYLVAN IA
POWER & LIGHT GO.

Pil LAPEL/7M^

Lenthf,fline, 0 route miles.
325 steel towers,Average span,1o5oft.
Maximum span, 2400 feet.
Height 0/towers,75 feet to cross -arm,

A with 5,10,15 and 20 foot extensions. et
( 1 Diameter cfconductor, 1,024-1

The first 220,000 volt line in the East.
65 miles atop mountain pe
Dipping down into deep 8orses----
Ice -bound, wind-wept in winter storms
Lightning discharges great severity,
and unusuallyheavy loactinls requirir15
great strength and endurance of all
elements and protective equipmenty
demonstrated reliabilit insulatorsand conductor.

GVi
(l) -Clamping in middle conductor-Preparing to pull up a long spanand ® -Angle towers CONSTRUCTION

CKE
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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ompanti- 220,000 Volt Line

THREE SALIENT CHARACTERISTICS OF
THE LOCKE GRADING SHIELD.

1 -Reduces voltage stress on line unit
2-/ncreases lightning arcover voltase

of insulatdr string,
3 -Prevents dama4e to insulators and

conductor when arcovers occur.

THE LINE IS EQUIPPED THROUGHOUT "WrIll

10 Locke No. 7500 Hiqh-trength
Suspension insulators

© Locke 6radir Shield Equipments
on ail Strings

'3) Locke Double and Triple Yoke Sets
on Multiple Strings

Locke Insulator Corporation, Baltimore, Md.
Factories at Victor, N. Y., and Baltimore, Md.

Sales Offices:
Boston, Mass., 84 State St. New York. N. Y.. 120 Broadway: Victor. N. Y.: Philadelphia.
Pa., 803 Atlantic Bldg.; Dallas, Texas, 1801-15 North Larmar St.: Chicago. IlL. 770
Illinois Merchants Bank Bldg.; Atlanta, Ga., 914 Red Rock Bldg.; Salt Lake City. Utah.
310-314 West Second South St.; Denver, Colo., 819 Seventeenth St.; San Francisco. Cal..
675 'Mission St. Los Angeles, Cal., 236 S. Los Angeles St.; Portland. Oregon. 61 Fifth
St. North; Seattle, Wash., 570 First Ave- South.

Export Agents:
International General Elec. Co., Schenectady, N. Y.

TIEWS
-Top of tower shown in view ..Ko.4-
-Heavy duty triple yoke set
Heavy duty suspension and guy construction

'VD

PORCELAIN
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Preventing a mixoup between
plane and power line

In service in all corners
of the world, G -E Wires
and Cables are meeting
successfully the most
severe operating condi-
tions.

GENE
GENERAL ELECTRIC COMPANY,

In order that aircraft using the Ford Airpert
near Dearborn, Michigan, would not endanger
or be endangered by a 24,000 -volt transmission
line, a section of the line 700 feet long was putunderground. G -E single -conductor armoredcable, buried directly in the ground, was installedby the Detroit Edison Company.
The unfailing operation of this cable since itwas put in service more than a year ago justifiesthe confidence placed in it-a confidence thatG -E Cables have won all over the world by their
consistently uniform high quality that guaran-tees uninterrupted service

AL ELECT ICSCHENECTADY, N. Y., SALES OFFICES IN ALL PRINCIPAL CITIES
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Amazing Security
The quick easy installation of Matthews Scrulix
Anchors brings absolute assurance of perfect
anchorage under severest conditions of service.

HERE is the scientifically correct, low cost
anchoring method that has brought

freedom from difficulties common to all pole line
anchoring. In all parts of the world where time-
saving, trouble -proof installations in every con-
ceivable type of surface are required, these
anchors are used. Hundreds of thousands of them
throughout the United States are proving them-
selves practically indispensable through years and
years of utterly dependable service.

In 5 to 15 Minutes
In less time than it takes to get a hole well started,
two men can turn a Matthews Scrulix Anchor
deep down under tons of earth without loosening
the ground above. They come completely assem-
bled, all in one piece, ready to install by simply
screwing them into place. No moving parts to be-
come lost or buried unadjusted. One of the sim-
plest operations in erection work.

Multiplied Holding Power
The Matthews Scrulix Anchor is so designed that
under strain the lines of force radiate from the
helix of the anchor at forty-five degree angles.

Instead of depending merely upon the column of
earth close to the shaft for holding power, it brings
into play the tremendous weight of hundreds of
cubic feet of earth around it. For all ordinary pur-
poses the use of comparatively small sizes is ade-
quate.

No Creepage
Under water, in hard pan, loam, shale-wherever
unusual anchorage problems occur-Matthews
Scrulix Anchors demonstrate their advantages.
They hold fast-are easy to install. Made in seven
different sizes, Matthews Scrulix Anchors present
an easy solution for your anchorage problems.

Learn More About Them Now
Write for our Bulletin 800, covering in detail the
interesting variety of applications of this anchor-
ing principle. It will reveal to you complete
mastery of anchorage problems as met by many
companies during the last twenty years.

W. N. MATTHEWS CORPORATION
3706 FOREST PARK BLVD. ST.LOUIS,U.S.A.

Ask about these Matthews Fuswitches Matthews Disconnecting Switches Matthews Scrulix Anchors
Matthews Adjustable Reel f Matthews Guy Clamps f Matthews Slack Puller f Matthews Cable Clamps
Matthews Lamp Guards f Matthews Telefault Matthews Teleheight Distributors in all principal cities.

41,...MATTH EWS
v ECRU LIX ANCHORS

so
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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PAPERS

Trade Mark "ROTHMILL"

Made under Highly Specialized Tech-
nical and Practical Control resulting in
the Production of Paper Combining
Greatest Mechanical Strength with
Highest Insulating Properties

by

TULLIS, RUSSELL & CO., LTD.,
HEAD OFFICE AND MILLS

MARKINCH, SCOTLAND
CABLES-"TULLIS, MARKINCH"

PAPER MAKERS
ESTABLISHED 1809

SALES OFFICE
1, TUDOR STREET

LONDON, E. C. 4, ENG.
CABLES: AUCHMUTY, LONDON

MANCHESTER OFFICE
376 CORN EXCHANGE BUILDING

CORPORATION STREET
MANCHESTER

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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American Steel & Wire
Company's

PARK andSUBURBAN CABLES

Tried, Tested and Approved
through actual service-

is high recommendationIT
that the industry con-

tinues to buy products of the
American Steel & Wire
Company in ever increasing
quantities, with ever increas-
ing confidence in the results.

This confidence is partic-
ularly emphasized with
American Park and Subur-
ban Cables. Here, where the

product cannot be seen in
use, purchase is influenced
almost entirely by the buy-
er's confidence in the manu-
facturer.

You can specify American
Steel &Wire Company Park
and Suburban Cables with
every assurance that the
product and the service will
be right.

Sales Offices:
Chicago, New York, i3oston, Cleveland, Worcester, Philadelphia, Pittsburgh, Buffalo, Detroit, Cincinnati, Baltimore, St. Louis,
Wilkes-Barre, Kansas City, St. Paul, Oklahoma City, Birmingham, Memphis, Dallas, Atlanta, Denver, Salt Lake City

Export Represenostive: U. S. Steel Products Co., New York
Pacific Coast Representative: U. S. Steel Products Company, San Francisco, Los Angeles, Portland, Seattle

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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The G&WOil Di5con-
nect is a Combination
Oil Switch and Manual
Disconnect, c ompact,
simple in operation and
well desioned,beinQ
completely watertight

011
and can be used in

with waterIISCOlineCtS
manholes which fill II

THE G & W Oil Disconnect meets the ever-growing need of a submersion
proof oil disconnect for use with lead cables in manholes or vaults.

Remote manual control for operation from street level can be furnished.
Safety and convenience of operation are points well developed. The oildisconnect can be completely isolated from potential for inspection and
repairs. Pulling the porcelain caps on top of the unit disconnects the cablefrom the switch. The iron hood over the porcelain caps is easily removed:
The cable foreman can remove the manual disconnect before repair work is
begun and the cable can be handled in safety. Accidental closing of the oil
disconnect will cause no damage.

Exactly What You Want!
(; & design and manufacture
practically every device for the end
of a cable.

Potheads
Series Cutouts
Primary Cutouts
Oil Fuse Cutouts
Vault Unit

Underground Boxes
Conduit Bells
Ground Pipe Caps
Ground Pipe Points
Oil Disconnect
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The Oil Disconnect is made on the
regular G. & W. Unit Plan Basis
For cable pole use, the external fittings of theG & W Oil Disconnect are rearranged. The over-
head system can be connected to the underground
thru the G & W Oil Disconnect. The unit can behung similar to a transformer to a crossarm. Yousimply pull the porcelain cap and the underground
is isolated from the overhead.
For straight overhead work, this unit makes anideal oil disconnect. Blank side plates are in-stalled at the lead cable openings. Aerial leads
are used on both sides at the top of the disconnect.

Ease of Installation
The Oil Disconnect is shipped fully assembled.
Installation, because of design, has been made most
simple. This Oil Disconnect is listed and fully
described in the G & W catalog No. 26. See our
nearest representative or write us direct.

19k NED ilr
G W,W ELECTRIC SPECIALTYCO.
7780 DANTE AVE. CHICAGO. ILL.

T""
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Spot the Desserts
When you see a clean-cut layout such as this
23,000 volt bus at the Acme Station of the
Toledo Edison Company-spot the Dosserts.

In any indoor or outdoor station, in any distri-
bution or industrial wiring job where branches
are connected to mains, where straightaway or
T's or Y's or deadend connections are modern
-spot the Dosserts.

The Dossert 20th Year Book is full of data on
efficient connections for wire, cable or rod.

DOSSERT & COMPANY, H. B. LOGAN, President, 242 West 41st St., New York

DOSSERTS
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Proof of performance
OF course we know in general how our meters

perform, but once in a while we get some
specific evidence. Here are three good ones that
came to our attention in one week :

CASE I
$25.00 maintenance cost on 4500 meters for 21,2' years. Not
one case of humming or creeping and only four failures.

CASE II
0.7 per cent slow after i6 years service -9 years since its last
adjustment is the record of an H-1 Sangamo meter. The same
test showed this meter 1M per cent slow on light load, and
no creeping.

CASE III
After io years service Sangamo d.c. meters test within stand-
ard accuracy limits. This is the record of a group of D5
meters in an old apartment building in Buffalo.

NOTE: Full information will be sent to any-
body who cares to check these statements.

We build SANGAMO meters for sustained accuracyand that means low maintenance. It is our en-
deavor to know all the requirements of the meter
departments, and then try to meet them all.

SANGAMO METERS
FOR EVERY ELECTRICAL NEED

Sangamo Electric Company
Springfield

New York Boston

Illinois

Chicago Birmingham Sin Francisco Los Angeles

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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IBURNDY
CONNECTORS
for COPPER TUBING

AND CABLES

ORIGINAL designs for
all combinations and

sizes of high tension con-
ductors.

Write for new catalog.

BURNDY ENGINEERING CO., Inc.
10 East 43rd Street

New York

:4[9t.',40A1 (41'1
,,

"ham mention the JOURNAL of the A. I. E. E. when writing to advertieere.
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:74 For Visualizing
Wave forms

String Oscillograph
A portable instrument of great sensitivity

for visual study of frequencies up to 3000 cycles
TN many lines of work and experimentation with alternating currents1 the need is frequently felt for a simple, sensitive, portable, andinexpensive oscillograph, with which one may view with ease eithersustained wave forms or transient currents and voltages existing atany point in an electrical circuit or network. To meet this require-ment the General Radio Company has designed a compact andmoderately priced outfit which may be used for two distinct purposes:

1. As a string oscillograph which operates with much less power than isusually required by such instruments, but which affords a satisfactorymeans for the visual examination of wave forms over a wide range offrequencies.
2. As a reliable vibration galvanometer, the string of which may betuned to give a good degree of sensitivity at any desired frequency over aconsiderable range.

Type 338 Oscillograph, with Carrying -Case $200.00Type 338-20 Vibration Galvanometer Equipment,
with Carrying -Case $140.00

GENERAL RADIO CO., Cambridge 39, Mass.

Write for our complete catalog of Laboratory Apparatus

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Major
Construction

on
Lapp
Insulators

Lapp No. 20Q4 high strength
suspension insulators at i 32,000 -
volts on Mississippi River cross-
ing of Union Elec. Lt. & Pr. Co.,
St. Louis, Mo.

This crossing is described in the
Oct. 1q2 5 101..RN.A1 of A. I. E. E.

Lapp Insulators have been selected for many of the most difficult
situations. Thus, Lapp Insulators for -

Eagle Rock -Laguna Bell line of Southern California Edison
Co..-all anchorages on Lapp Suspension Insulators.

Illinois Central R. R.-Chicago electrification on Lapp Insulators.
Public Service Elec. & Gas Co., Newark. N. J.-1 32.0oo-rolis

on Lapp Insulators.
Miss. River crossing of Louisiana Pr. Co.. Vicksburg. Miss.-

' lo,000-volts on Lapp Insulators.
W JZ at Bound Brook, N. J. and WGY at Schenectady-towers

supported on Lapp Insulators.
British P. 0 Dept. radio station. Rugby, England,-antenna

on Lapp Insulators.

Lapp Insulators do not fail. Lapp Insulators now cost no
more than others. Lapp vacuum process porcelain is superior.
Lapp Insulators never require replacement, except because of
external mechanical breakage.

LAPP INSULATOR CO.
INC.

LEROY, NEWYORK

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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2000 KW., 250 Volt, D. C., 6600 Volt, 25 Cycle, 3 Phase, 750 R.P.M., Synchronous Motor -Generator Set.

Synchronous
Motor:Generator
Sets
The D. C. machines
FROGLEG winding.

(Reg. U. S. Pat. Off.)

of this set are equipped with

This is one of seven sets being supplied to one customer.

Allis-Chalmers Motor -Generator Sets are built in all
sizes and voltages for various service conditions, such
as, transforming from alternating to direct current, from
direct current to alternating, from one alternating cur-
rent frequency to another, from direct current to direct
current and as boosters, balancers, frequency changers,
etc. These include some of the largest sets in commer-
cial service.

PRODUCTS

Electrical Machinery
Gas Engines

Steam Engines
Steam Turbines

Condensers
Oil Engines

Hydraulic Turbines
Pumping Engines

Centrifugal Pumps
Mining Machinery

Metallurgical Machinery
Crushing Machinery
Cement Machinery

Flour Mill Machinery
Saw Mill Machinery

Air Compressors
Air Brakes

Steam and Electric Hoists
Farm Tractors

Power Transmission Machinery

Send for Motor -Generator Bulletin No. 1110-A

(41-LIS-CHALMERS MANUFACTURINGCO.
MILWAUKEE, WIS. U.S.A.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Double Commutator Generator,
7500 amperes at 8 volts

Generators
25 to 25,000 Amperes

Direct Connected to

Motors

G -E Synchronous Motor,
200 h. p., 3 -phase, 60 cycles

440 volts

Double!Commutator Gen-
erator, 7500 amperes

at 8 volts

15000 -AMPERE
UNIT

OPERATING AT THE RIM GALVANIZING PLANT OF THE

GENERAL MOTORS CORPORATION

Installed in 1922 CHANDEYSSON ELECTRIC CO., ST. LOUIS, U. S. A.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



Faradon Coupling Unit
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STANDARD
ELECTROSTATIC
CONDENSERS

FOR "CARRIER CURRENT COMMUN ICA-
TIQIy: COUPLINGS, BY SERIES-PARALLEL
tatANGEMENT, TO POWER LINES OF

ALL COMMERCIAL VOLTAGES.

Having purchased a carrier equipment there is no
place where an additional expenditure of a given
amount can as effectively insure communication, as
in the purchase of coupling condensers.

Bulletin 101, completely covering' the subject, sent :to
Engineers and other operating :Officials on request.

Wireless Specialty Apparatus Company
Jamaica PlainMoston, Mass.

cptact

z.1 The Elements of Our Business
g.

UND
Alarm, High and Low Liquid Level
Automatic Fire Pump Panels, Combined Hand and(See Panels, Fire Pump).
Automatic Starters (See Starters, Automatic).
Automatic Transfer Switches

-2 Brakes, Magnetic
g: Circuit Breakers

Contactors (See Switches, Magnet).
Control, Machine Tool
Controllers, Elevator
Elevator Controllers
Fire Pump Panels (See Panels, Fire Pump).Float Switches
Hand and Automatic Fire Pump Panels, Combined.
Hand OperatedSe Switches

Fire Pump).
Hand Starters (See Starters, Hand).

E High and Low Liquid Level Alarm Switches
E Indicator, Level, Liquid, Remote

Level, High and Low Liquid, Alarm SwitchN Level Indicator, Remote
El Lighting Panels. Remote ControlE Low Levels, High and. Alarm Switches

t--- Machine Tool Control
E Magnetic Brakes (See Brakes, Magnetic).

Magnet Operated Valves
Magnet Switches. A. C.
Magnet Switches, D. C.

--1- Magnets
Manual Fire Pump Panels (See Panels, Fire Pump)a Manual Starters (See Starters, Hand).

_I Panels, Fire Pump
B Panels, Lighting, Remote Control
F:- Panels, Pressure Regulator (See Pressure Regulator, also Panels.Special.)a

,

Pressure Regulator, Gauge Type
Panels Special

Self Starters (See Starters. Automatic).9000 Solenoids (See Magnets).9999 Solonold Operated Valves
57009999 Special Panels (See Panels, Special).

Speed Regulators
8500-85203600-3825 Starters, Automatic, A. C
5800-6200Starters, Automatic
5300-5350Starters, Hand

83203600 Starters, Manual (See Starters. Hand).Sump Switches (See Switches, Float).3610-3615 Switches, Float
360046253625 Switches, Hand Operated

3600 a3610-3615 Switches, High and Low Liquid Level Alarm 3610-36153625 Switches, Magnet, A. C.
78007100 Switches, Magnet, D. C
75003610-3615 Switches, Remote (See also Switches. Magnet) 7200-72509000 Switches. Sump (See Switches, Float).

ESwitches, Tank (See Switches Float).
_ISwitches, Time

6900 NSwitches, Transfer, Automatic
5600Tank Switches (See Switches, Float).

Terms
300Time Switches

69008800-8830 Transfer Switches, Automatic
5600 .NTumbler Relay
7250Valve Control
57005400-5423 Valve, Magnet Operated
57004900-4902 Valve. Remote Controlled
5700

v -

TRADE -MARK

Bulletin Pressure Regulator Panels (See Panels, Special).3610-3615 Regulator, Pressure (See Pressure Regulator).Regulators, Speed (See Speed Regulators).
BulletinRelay, Tumbler

7250Remote Controlled Lighting Panels
71005600 Remote Controlled Speed Regulators (See Speed Regulators).9920

3800-3815 Remote Liquid Level Indicator
3625Remote Switches (See Switches, Remote, also Switches, Magnet).

5700
7600
7500
6500

7100

a

WRITE FOR CATALOG
E=

N.

E--

22

g

F:

E

E
g

E
g

Montreal, Can. g
E

Toronto, Can.
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

SUNDH ELECTRIC COMPANY, NEWARK,
Branch Offices: Chicago, New York

Sales Representatives:Boston Cleveland Kansas City Minneapolis Philadelphia Portland, Ore. St. LouisBaltimore Buffalo Cincinnati Detroit Los Angeles New Orleans Pittsburgh San Francisco

1
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check up
Oil in
transformers
circuit

breakers
oil switches

with the
American Transformer TS-6
Portable Oil testing outfit

Bulletin 1025 fully describes this
unit arid many other types of test-
ing apparatus. Copy sent on request.

"Oil is often found in bad condition in above named equipment This transformer, complete with potentiometer regula-

by the electrical inspectors of The Hartford Steam Boiler Inspec- tor, primary main line switch, voltmeter, circuit breaker,
lion and Insurance Company, whose business it is to insure pilot lamp and oil testing cup, is mounted in a heavy
electrical machinery." oak case with angle iron protecting pieces on the corners.

' Guard against this on your property by using the It can be loaded on a truck or flivver and readily
American Transformer TS -6 testing set.' transported to wherever the insulating oil is to he tested.

AMERICAN TRANSFORMER COMPANY, 176 Emmet St., NEWARK, N. J.

Moloney Transformers
Successful installations a result of quality

You can place full confi-
dence in the ability of
Moloney Transformers to
operate economically and
render effective service.
There is a steady growth
of Moloney Transformer
users. This is in great part
due to the very fine results
users are obtaining with
Moloney Transformers.
Experience is teaching the
value of these transform-
ers. Let us send you
descriptions.

Moloney Electric Co.
St. Louis, Mo.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

a
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RUBBER INSULATED

BLIES

HAZARD POWER CABLE for
boreholes or mine shafts.

The heavy layers of tough and elastic
rubber insulation are absolute insur-
ance against current leakage.

A lead sheath, two
layers of asphalted
jute, galvanized steel
armor wires (sub-
marine cable type)
and two layers of as-
phalted jute over all,
afford complete pro-
tection against me-
chanical injury, and
provide strength for
suspension in bore-
hole or mine shaft.

Sample and full information on request.

"Made for Users Who Want the Best"

HAZARD MFG CO WILKES-BARRE PA
NEW YORK, CHICAGO, PITTSBURGH, DENVER, BIRMINGHAM

ANAtc*DA
from mine to consumer

'1

Wire Products
Copper Wire

Solid or Stranded
Bare, Weatherproof
and Slow Burning

Varnished
Cambric Cable

Lead and Braid Covered
Paper Lead Cable

Trolley Wire
Copper and Hitenso

Anaconda Copper Mining Co.
The American Brass Company

Rod, Wire and Cable Products
General Offices :25 Broadway,N.Y.
Chicago: 111 W.Washington St.

Please mention the JOURNAL
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There is no other "copper -clad
made like "COPPERIVELD"-

NON-RUSTING

"COPPERWEIN
Guy and Messenger Wire

Costs Least per Year of Service

(CC)

oqthe.A. I. E. E. when writing to advertisers.

and eliminates interruptions caused by
breakages of rusted wires.
In the Rust Belts --the districts where
smoke, fumes, gases and chemicals are inthe atmosphere-galvanized guy and mes-
senger wires are short lived. Their fre-quent replacement with resulting labor
and material cost, makes their price per
year of service very high.
Copperweld does not Rust Copperweldis composed of a thick protecting layer of
pure copper permanently molten welded
to a strong steel core. Its strength re-
mains the same year after year.
The labor of installing Copperweld wire isthe same as for galvanized. As Copper -weld does not rust its first cost is the lastcost. Replacements are eliminated.

Blackburn and National Cable Rings made of
Xtra-Hi-Tensile Copperweld wire also available.

PRAF-W021A 0.TIIPAILV
MAIN orr.ce S MILLS -.PADDOCK P.O.. RANKIN. PA

30 CNUFICH ST. NEw YORK 129 S JEFFERSON ST. CKICAGO
003 RIALTO BLOC, SAN FRANCISCO

In Canada: Northern Electric Co.. Ltd.

3

MAKER

steel" or "copper -covered steel"
by the Molten Welding Process.
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SIANDARD Cable Juntion Boxes insure maximum e

N enience and flexibil v in the installation and opera
ground electric cabh systems. Their special bimet

nipples provide, among otheridvantages, positive protection to t

from moisture and reduction 1 the risk and cost of jointing cables

If you are interested in effect' devices of this kind write our near

information.

StandA Underground Cable Co.
ROSTON PHILADELPHIA ATIANT% (7HICAI:0 Sr.

NEW YORK WASHINGTON PITTSRU RIM DETROIT SI-:A

FOR CANADA: STANDAR!
UNDEfir.Rol'sal CABLE CO. OF (.. \NADA. LI

1111111111i11111111111r1111111illiM111111111111111I111111111111111111111111111111111111101111111111111

MINERALLAC

Filling
The importance of a

Joint cannot be overrat

the Joint and the filling

high-tension insulatin
the very best effort.

Minerallac Insulat
is TCCOrritiwt iderl rot I him W

It has been used successfull,,i II m

filler of pothendm and cable 'mint ,

lines.
Wfitg, fIs fur Bulletin WO.
144. 14 ill furnish teat sernAles

frre. of Ch.', le,

MINERALLAC ELECTRIC COMPANY

10434045 Wnlkingtoti lilvd. CHICAGO

memiarimmimplow

/leas/ mention the- I t)I<NAi. ill'. A I I. whrts W1111111( I. .4.1vr111.. 
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Transmission Line Structures
Built of High Elastic Limit Steel

Refined -- Rolled - Fabricated
Galvanized in Our Own Plants

PACIFIC CIIAST STEEL CUMPANY
MANUFACTURERS OF

OPEN HEARTH STEEL
STRUCTURAL SHAPES MERCHANTAND REINFORCING BARS

TRANSMISSION TOWERS AND STRUCTURES
Gen'l Office: Rialto Bldg., San Francisco Plants: San Francisco, Portland, Seattle)

"AMERICAN BRAND"

Weatherproof Copper Wire and Cables

COST

-AMERICAN BRAND"
WEATHERPROOF WIRE AND CABLES

HAS NO E DUAL

You can buy weatherproof
wire cheap, but is it worth
what it Costs?

"American Brand" gives
you more mileage per dollars
with a longer life on the line.

Get a sample and satisfy
yourself.

American Insulated Wire & Cable Co.
954 West 21st Street, Chicago

.g.

For Varied Applications
We manufacture many types of wires, cords
and cables for specific uses. 'Among them are: ---Rubber Covered Wire-Solid Conductor, Stranded -_E.-.

Conductor, Flexible Conductor, Extra Flexible Conductor. =
=Lamp Cords, Reinforced Cords, Heater Cord, Brew =ery Cord, Canvasite Cord, Packinghouse Cord, DeckCable, Stage Cable, Border Light Cable, Flexible --Armored Cable, Elevator Lighting Cable, Elevator Oper-ating Cable, Elevator Annunciator Cable. SwitchboardE Cables, Telephone Wire, Flameproof Wires and Cables,Railway Signal Wires, High Voltage Wires and -...- Cables. Automobile Ignition Cables, Automobile Light- -5: ing Cables, Automobile Starting Cables, Automobile _... Charging Cables. Moving Picture Machine Cable.

Boston Insulated Wire all. Cable Co.2 Main Office and Factory: -Dorchester District Boston, Mass.E Canadian Branch, Office and Factory, Hamilton, Ont.g

WIRE PRODUCTS

ATLANTIC
INSULATED

_=-

WIRES

Including all types of rubber covered, and rubbercovered lead encased wires and cables, bare wire,magnet wire, and flexible cords.

ATLANTIC INSULATED WIRE CABLE COMPANY
Rome, N. Y.

iimmumommimmunnummumumilmommumomonwilmummuomumnmmumnommmumumumumomummummuumWM

grniiiintittininumnimummtunnimiumuniumiutuumnitmitionmmioninnonnonnumnouvinumunnimilimummiiiiim

John A. Roebling's Sons Company
Trenton, New Jersey

-==

ELECTRICAL WIRES AND CABLES
of Highest Conductivity

Wires are drawn from carefully selected metalsand insulated with the best materials, to insure
long and satisfactory service.

E

=

=
E

E
K-

E:

=

E

1.7._

.P.
g

E
_---

E

E

E.

E

EzPittsburgh Transformer Company
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Largest Manufacturers of Transformers exclusively
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Condex
Park Cable

COPPER

loRkSok

'444*

TAPE BEDDING

RUBBER LEAD

CONCDX
ARMOR

JUTE

Makes Conduits Unnecessary

Condex Park Cable is intended for use
on series lighting circuits for municipal
street lighting, white way installations,
and for park or playground illuminating
systems.

Among Condex advantages is the fact
that it can be laid in a shallow trench,
thereby eliminating the expense of deep
excavation.

Condex is armored with an overlapping,
inter -locking steel tape, which due to its
arch construction, completely covers the
cable at all times, insuring protection
against possible crushing. Condex instal-
lations properly made are practically per-
manent.

Condex has other advantages. It is
smaller in diameter and lighter in weight,
size for size, than any other park cable,
therefore, it requires less labor to handle
the same amount of cable and costs less

to ship by freight.

SI \TUX WIRE &CABE @
MANUFACTURERS

201 DEVONSHIRE ST., BOSTON
CHICAGO SAN FRANCISCO NEW YORK

CLEVELAND SAINT AUGUSTINE

SAFETY
PAYS DOUBLE

Please mention the JOURNAL of the A.

In This Case

The prevention of accidents to life
and property, is the first dividend
from Marshall's Linemen's Shields.
They are an absolute necessity to
men engaged in hot line work.

The extra dividend comes in the
form of faster work, better work.
Confidence does it. The men know
they are safe and can devote them-
selves to their work.
 Ask some of the more than one thousand
Central Stations who are users of

Marshall's Shields. They'll tell you. Or
send for our booklet, "A Guide to Safety for
your Linemen." It is free.
See that your line crews are FULLY
equipped with Marshall's Shields.

Elm am mit let Ls It EN.

ea Kda
L

51111E LDS
Linemen Protector Company

2052 Penobscot Bldg., Detroit, Mich

1. E. E. when writing to advertisers.
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Disconnecting Switches
titi u s Uhl litl4 in your 'piton' of psi weir generation andtruipmiihmthii.

Thy 'I' & tlimq)itittstistic IYIN1 look, Itemillustrated, has been developed to safely withstand the
hi.% ere short eirtauitai to, which blurb equipment is subisotodin operation. The loeking incelitanintii is not only extremely
reliable, but simple and laccv,ible
You ran rally on '1' switches. They are in use un
Anterieta's greatAirt power is3'eletilit and Nitwit:hod regularlyby 111. largest engineering organization'. We invite yourinfinities ill iliflieult switeli problems.

TiiON Fit &1»ttTENS
( :or tttttt re lit) St . ROSTON. MASS.tip e Ii1le I, I !hay 1-(' (Ind I)-(' Sinitic/ices.
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il , Simpler-
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E-,

I^ Stronger-.
Better=

Installation K -13.P
60 KV. Switches,
San Joaquin Lt. &
Pwr. Corpn., Calif.

K -P -F POLE TOP SWITCHES consist of fewer
parts, are more .rugged and require less labor
and material for installation than any other.
Each pole becomes a self-contained unit.
Switches are shipped ready to bolt on to cross-
arm in place of line insulator.
One crossarm supports it. Contacts are far
removed from insulators and a unique device
prevents sticking or freezing.
Send for bulletin K105 containing full details.

K-P-F ELECTRIC CO.
855-859 Howard St. San Francisco

spr, IJU

boinas
Quallitp

A 'insulators
for

Permanently
Dependable

SERVICE

THE R. THOMAS & SONS CO.
East Liverpool, Ohio

New York Boston Chicago London

"
VtV1111111111fl!,

quipiGRA,YGLASa

'INSULATOR.6"a The transparency of Hemingray Glass Insulatorsmakes line inspection very simple. The linemancan tell at a glance whether the Insulator la intact or not.Hemingray insulators are mechanically and dielectricallydependable, non-porous and uniform in structure. Theydefy moisture and age.
Send for Bulletin No. I.

HEMINGRAY GLASS COMPANY
Muncie. Indiana

Times Have Changed

A few years ago it was
extremely difficult for us to
create, in the minds of the

 average engineer, a burning
desire to purchase a particular
type of air break switch.

.

To Mr. Average Engineer,
a switch was simply an as-
sembly of insulators, with
clamp fittings, blades, a few
bolts and nuts, mounting
base, etc., and that was the
end of it. 2400 Block, Fulton St.

gt1?)

Chicago, Illinois

But times have changed.
Interconnecting has proven
that switches must also have
good mechanical design-and
Unit Type has come into its
own. It is more than a mere
switch, it is a perfectly bal-
anced design.

Just look at the mechanical
features of this single pole
element of our gang operated
PM Form -2 switch. Not only
good electrically and mechan-
ically-but it looks good. A
design you can feel proud of.

gammw

a

S

Please mention the JOURNAL of the A. I. E. 11. when writing to advertisers.
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NO
SMALL
FRAMES

Air Washers
Cooling Ponds
Spray Nozzles

PATS. PEND.

NO
AIR

LEAKS

SPRACO
AIR FILTERS

FOR

POWER STATIONS
are particularly well adapted for cleaning

the air for electric generators, air com-

pressors, internal combustion engines, and

also for switch rooms, substations, etc.

Both the initial and operating cost is low,

while maintenance expense is negligible.

SPRACO AIR FILTERS have an ex-
ceptionally high cleaning efficiency and

are of unusually rugged design and
construction. For further particulars
send for bulletin F-69.

Spray Engineering Company
60 High Street

BOSTON, MASSACHUSETTS

Air Filters
Strainers

Flow Meters

I That Year in and

z.;

Year out Service

ROWAN
Impedance

Starter
for

Squirrel Cage
Induction

Motors

Turbo generators and Switchboard room protected
by Mid west installation (located in housing).

Your Main and Sub - Stations Need
Clean Air, Wherever They Are Located

Even in non -industrial sections, the normal dust
content of the air is high enough to warrant the instal-
lation of Midwest Air Filters to provide clean air for

all rotary equipment, as well as for switcli-rooms, bus -
bar galleries, reactor coils, air blast transformers,
storage battery rooms, etc.

The economic value of clean air, and the superior
efficiency and operating economy of Midwest Air Filters
have been proven by hundreds of installations in main
and sub -stations of the electric light and power field.

Ask for Circular E-402.

Bradford, Pa. Offices in Principal Cities

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Accurate and well de-
signed tools are essentialin the manufacture of
measuring instruments.
Where clearances are
close Jewell tool makers
must build punches, dies,
jigs and special tools.
with exceptionally small
tolerances.

Experience
Count

II

and Service

What is more valuable than
actual experience and service?
It has been the 37 years
of experience which has
enabled the Bristol Com-
pany to produce the
most complete line of
recording instruments in
the world. It has been
the dependable service
of these instruments
which has contributed
so greatly to their world-
wide recognition.

Bristol experience is
available to you an,d
trained engineers will be
glad to assist you in re-
gard to the proper ap-
plication of Bristol's Recording
Instruments to your plant.

the 'Bristol Company

Recording Voltmeter for
Wall or Switchboard

`Waterbury, Connecticut
MAKERS OF

BRISTOL: S IZECOIOD RUMEINGINST NTS

iuunnmmuunmuuunuunuuuuuuuuuuuunuwmumummuunnunnnuuuuuuunumuuuuunnnnuuuuuuuuuunnumnuuuuuuumunmum

Please mention the JOURNAL of the A. I.

SECTION Journal A. I. It', le..

Instrument mechanism
that insures accuracy
under all conditions

Wattless current or "elec-
trical froth", as it was re-
cently called, is costing the
country a large sum. When
reducing idle current losses
and raising the power factor
of your load, you should in-
stall the proper measuring
instruments.

The Jewell power factor meter
on the crossed coil dynamometer
principle with its proven features
of stability and accuracy of indi-
cation assures accurate power fac-
tor measurement.

JEWELL ELECTRICAL INSTRUMENT CO.
1650 Walnut Street
CHICAGO, ILL.

Quality is a
Story that
Bears
Repeating

CVERY VENUS PENCIL
C writes its own record of
perfection. The 17 degrees
meet every condition of
superlative work, from the
hair line of a dimensional
projection to the careful
shading of a sketch.
17 Black Degrees -3 Copying
For bold, heavy lines .. . 6B -5B -4B -3BFor writing, sketching . . 2B-B-HB-F-HFor clean, fine lines . 2H -3H -4H -5H -6H
For delicate, thin lines . . . 7H -8H -9H

Plain Ends, per doz. . $1.00
Rubber Ends, per doz. . 1.20

'at Stationers tied Stores
throughout the World

The largest selling
Quality Pencil
in the World

E. E. when

EMUS
PENCIL

American Lead Pencil Co.
204 Fifth Avenue New York

Also makers of
UNIQUE THIN LEAD
COLORED PENCILS

in 12 colors-write for FREE sampler

writing to advertisers.

1
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Balkite Trickle Charging
for

EMERGENCY
LIGHTING

Hospital operating rooms must have light at
all times because even a minute's darkness dur-
ing a critical operation might prove fatal.

The simplest and most economical method
of providing unfailing light is with the Balkite
Trickle Charge System. In this system a Balkite
Charger is connected to the regular power line
and allowed to charge a storage battery contin-
uously at a low rate. It thus automatically keeps
the battery fully charged at all times.

A wiring diagram of a Balkite installation
suitable for a small hospital is shown above.
Immediately on the failure of the regular power
supply the relay cuts in the emergency light,
which draw their power from the storagebatter .

Many other situations where constant lighting is
required can be handled in the same manner.

Balkite Trickle Charging is also adaptable to
many other uses, u herever infallible power is
required. A complete b3oklet fully describing
the system and its operation is availabk en rr-
quest. \\trite for it.

Balkite
Battery Chargers

FANSTEEL PRODUCTS COMPANY. INC.
NORTH CHICAGO, ILL.

FANSTEEL PRODUCTS COMPANY. Inc, Nova Ci:cese,/Ui.ru
Gentlemen: Please send me a copy of BaUtitt Trickle Charging

e

Gorrpan.

Addm-s

Posaion

Adaptabilitv of

WESTON
D. C. "Fia)i-.11,111ed" Instruments

THERE are four standard sizes
of Weston Direct Current

"fan -shaped instruments" pro-
vided for all panel requirements.
( The scales have the widest
possible space. as the arc of the
scale extends_ into the "fan -
shaped" case.( The scale lengths
range from 2' inches to 7' 
inches. are bold and legible and
are the longest scales available
for instruments of their size.

The "fan -shaped" instruments
have the same high degree of
precision and long-life char-
acteristic of the entire Weston
line in four sizes suitable for
every panel use. (They have
only a slightly noticeable
projection from the front of
the panel: they are un-
usually pleasing in appear-
ance. Provided as D. C.
Voltmeters. Millivolt -
meters, Ammeters and
Milliammeters. E For fur-
ther information request
Bulletin 21.

WESTON ELECTRICAL INSTRUMENT
CORPORATION

48 Weston Avenue, Newark, N. J.

STANDARD THE WORLD OVER

WESTON
5)ioneers since 1888

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Pioneer Manufacturers of C

INTERPOLE MOTORS
II. P. to 1000 II. P.

a

r -

rE-
EE
EType "S" Ball Bearing Motor
=.

with base and pulley -E:E-

EE:
E-M

Eg-
gg ELECTRO DYNAMIC COMPANYE
Eil Established 1880 aE
E-BAYONNE, N. J.
-..=

E. -g Sales Offices in Principal Cities
gimussonsumnussuomsumommstonottmositomoninsmotiminottna

E --

F. --

E--

=

..P:

P.--:

r -t-=

g.-

=

E
EE STOCKS CARRIED IN PRINCIPAL CITIES
Er

"a - MASTER GUARANTEED MOTORS g-
E

EWrite for bulletinsE.
gg / g

E- E

Less than4O° E a=
Model M2.

-E- y8 TO 7Y2 H.P.MASTERE=
DUNCAN ELECTRIC MFG. CO.= E= Lafayette, Ind.E ==

5iiiiiiriiiiiiinimmiimiiimmimmininimuitiiimmimuminimiiiiiiiiiiiiiiiiiiiiliamirimimminvimininammip.quillimiiiimmiiiiii0Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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STAR ELECTRIC MOTOR CO.
,Timiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimuimitioniniiimininionninioniummoominioniumninnolowimmummionitiounoliwiimmiouig

tioninimmiimilutionuitommonimminommummunimminummormomomommuniimminimmimmimmummoniummanonnumg:

2: Trade "ESC 0" Mark
2.

EEntfineers and Manufacturers
g1
E1)ESI(;N - 1)EVEI,()13 1)1-1()1)1:CE -.4.2
E

Small Motors, Generators, Dynamotors, 2
g1 Motor Generators, Rotary Converters, Etc. EE
2-Ez

E -FOR SPECIAL PURPOSES
E.7E
g

El Send Us Your Problems

222 South Street STAMFORD, CONN., U.S.A. iE-

=

E7 Star Ball Bearing Motors
For

Hard
Usage

A. C.
and

D. C.

Complete line of standard motors and generators,all sizes up to 75 h. p. and 50 kw. respectively.
Our Engineering Department at your service for all special applications

NEWARK. NEW JERSEY

ELECTRIC SPECIALTY CO.

=S ur evan Electric Morati

There's only one real test of quality in
a motor - the service it gives. That
MASTER MOTORS meet this test is

evidenced by the fact that an ever increasing

number of prominent manufacturers and
jobbers are adopting them and that our
customers continue to use and recommend

THE MASTER ELECTRIC CO.,
Linden and Master Ayes.

Dayton, Ohio

2 1 g
-A. C. and D. C.; single E

_Eg E
F.- g and polyphase-built in
g* E. sizes from small fractional

to 250 horse-power-de-
-gE g

signed to operate under a-g -2

constant full load where
-.1--
-a-gg uninterrupted service is Eg =.2

F-: demanded. E
_-.

F.. B. F. STURTEVANT COMPANY 1E
E

HYDE PARK, BOSTON, MASS.k--

E2

E
11111111111.111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 N

I1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111E

E 2
E

P.
. UNCA a=

E
E

g g

g
E D Watthour Meters

.g.

g E
E

E E
E==

E
gg Accurate .=E -a

a- E andE-

g

Dependable I
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Over the Pole
with ityrd!

SRB BALL BEARINGS
WHAT took care of Byrd when he

roared past the last outpost? What
drove him on towards the North Pole-
around it-and back? What kept him
high and safe above a frozen, lifeless waste?
The units and parts thatmade up his plane!

To each fell a particularfunction-more
gruelling than the worst ordinary service.
To each was given a task that couldn't be
slighted or shirked-because the failure of
one spread failure to the others!

SRB Annular Ball Bearings in the
powerful Wright Whirlwind Engines were
of those parts that had that mighty reserve
for the strain-stamina for the finish.

It is such performances as these that may
be expected of SRB Ball Bearings-where
far more than average service is looked for
-where a sudden stress must be absorbed
by superior steels and workmanship.

STANDARD
STEEL AND BEARINGS INCORPORATED

USE SRB BALL BEARINGS
TS'

- they'll last

Plainville -Connecticut

.........

,
SRR Bearings Now Contain Forged Molybdenum- Steel Balls for Even Greater Strength andDurability

"They Keep a-Running"

J 1 Horse Power Century Repulsion -Start
Induction Single -Phase Motor

Brushes Used Only
for Starting

Brushes in all Century Repulsion -
start Induction Single -Phase Motors
last for years. Many owners report
that their Century Motors have been
in operation for more than 20 years
without a single brush replacement.

(1) Brushes touch the commutator
only during the starting period.

(2) In many classes of service this
means that the brushes touch
the commutator only about
1 /900th of the time that the
motor is in operation.

When reaching full speed, a
positive governor action auto-
matically releases brush tension
and allows these motors to run
as induction motors.

(3)

(4) Quiet operation results - no
radio "interference " can be
present.

Combined with the application of the Century Wool -
yarn System of Lubrication in one horse power and
smaller motors, insuring at least one year of 24 -hour -

per -day operation without reoiling, these facts make

Century Repulsion -start Induction Single-phase
Motors widely popular for use in household refrigera-
ting systems, oil burners, house pumps and other

commercial applications of a similar nature.

Temperature rise not more than 40° Centigrade. Built
in other standard sizes from to 40 horse power.

Century Electric Company
1806 Pine St. St. Louis, Mo.

For More Than 23 Years at St. Louis

N to 40 H. P.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

to 40 H. P.
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CALCULATOR
A new instrument with spiral tionlem

that provides the calculating facilities of a
slide rule 66" long. All the speed of a "slip

stick," with exact readings to four or five
significant figures. Easy to operate. Extremely

flexible. Can b 2 used for multiplication, division.
fractional and decimal conversions, proportions,

ratios, powers, roots and other forms of logarithmic
calculations. Ideal for "constant -factor" problems.

Of highly nickeled brass-pocket size -11/2" diameterby 6" long. Leather case. Full instructions included.
Priced $8.00-Sent C. O. D. If desired.

Order now-use it for ten days. If not entirely satisfactory,
return and money will be refunded in full.

A.S. Aloe Co.. 1828 Olive Street, St. Louie, Mo.
References: Dun'sDun's and Bradstreet's. Resources $1.000,000.

ODELSI
for

MANUFACTURING STANDARDS
SALES DEMONSTRATION AND DISPLAY

USE IN LITIGATION
Experimental Development under Client Supervision

MANUFACTURERS' & INVENTORS'
ELECTRIC CO. '---

E.-

(Smith Building)
228 West Broadway, N. Y. City

Incorporated 1897

E
IE

2
2:2
EE
M

g_

5.
E

-e-2
2-M.

E=
s-

22
-1-2
2"BURKELECT" Moulded Controlead Terminal Blocks 2-M

N.E
ff.By the use of these Terminal Blocks simplifications in all methods of control wiring circuits are possible-2

Eand offer many other advantages which are fully described in Bulletin H-2.
.-4-..M-

E
M. BURKE ELECTRIC COMPANYE

MHIGH TENSION EQUIPMENT DIVISION2
MERIE, PA.
P_.

E--

-2-

TRUMBULL

for years have stood the
most exacting tests of scores
of the largest motor,
dynamo, generator, and
radio builders in the United
States.
Our Engineering Depart-
ment is at your service.
Write us concerning your
requirements.

THE TRUMBULL STEEL COMPANY
WARREN Mills, Laboratories and General Offices OHIO

STANDARDSSTANDARDS of A. I. E. E.
Newly revised sections of the STANDARDS include
the following: Wires and Cables; Insulators; Illumi-
nation; Welding Apparatus; Storage Batteries; Tele-graphy and Telephony; Disconnecting and Horn Gap
Switches; Oil Circuit Breakers; Industrial; RailwayControl, and Mine Locomotive Control Apparatus;
Instrument Transformers; Transformers, InductionRegulators and Reactors; Railway Motors; D -C. andA -C. Fractional Hp. Motors; Synchronous Converters;
Alternators, Synchronous Machines; D -C. Commu-
tator Machines; Principles of Temperature Limits;Symbols for Electrical Equipment of -Buildings.

Prices will be furnished on application.

American Institute of Electrical Engineers
33 West 39th Street, New York

ELECTRICAL Inspections - Tests - ResearchE.'

Tests may be used by the purchaser for the following purposes:TESTING(1) To determine the quality of competing samples. This enables the purchases of the best quality for the money,
LABORATORIES

ra-

(2) To make sure that shipments comply with specifications, This makes possibleE - the assurance to the customer that shipments match buying samples, LE

(3) To furnish an impartial decision in case of disputes between purchaser arid 4
r-- 80th Street and East End Ave.

=manufacturer,
Testing places the whole buying problem on a sound basis.

NEW YORK

Is your
9fe- name on our
j/C- I mailing list

for bulletins
and catalog?

or ante
Brushes, \
\VA, 

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

Morganite
Brush Co., Inc.

519 W. 38th St.
New York
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New E -T-L Catalog
g
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E

E
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E

The new general catalog
E

E

of Electrical Testing
5

.
Laboratories, nearly

E-

g

ready for distribution,
5

E

outlines pictorially the
g

g
scope of the work of
that institution. It is a -±

_._

5
-5beautiful piece of printing E-

E and will be a creditable
±

.
addition to any engi-
neer 's library. Your re-
quest will bring you one.

1 E

E
E

g
E

g
E=

E
a.

Electrical Testing Laboratories
E 80th Street and East End Avenue, New York

5

k.--. 
vaonuWaltham 54, Mass.

g- 8...!ln'!' New York Office - 220 Broadway

ALL FORMS OF MICA FOR ELECTRICAL PURPOSES
I4floomummonnummunnumnOnonumumumoomumniNOHNOMMumuunlinimuNinundi

West Virginia
Fibre Board

I -N
BOARD

For Electrical Insulation

I -N Board has been tested and ap-
proved by the Underwriters' Labora-
tories for electrical insulation.

This board has a very high tensile and
dielectric strength and is being used
successfully by many electrical manu-
facturers who are finding it a decided
factor for economy.

Pulp Products Department

West Virginia Pulp & Paper Company
505 Dime Bank Bldg. 200 Fifth Avenue 732 Sherman Street

Detroit, Mich. New York. N.Y. Chicago.

Y-26 High -Heat Mica Plate
a

For High Temperature Insulation
Possesses all the advantages of natural mica for insu-

lating heating appliances. Is more economical, partic-
ularly when used in the larger units.

E -

Y -2 6

Supplied in sheets up to 30" x 42". in thicknesses of ten

mils or over. Can be cut or punched to any form.

Send for samples and prices.

NEW ENGLAND MICA CO.

NATIONAL
VULCANIZED
FIBKE

Lighter than aluminum;
strong as iron; cheaper than
wood ... For gears, washers,
insulation parts, mill recep-
tacles, cauls, trunks, etc... .
Will not splinter, crack, dent
or rust.... In rods, sheets,
tubes and special shapes as
required. For information,
address
National Vulcanized Fibre
We operate six great plants an
New York, Chicago, Boston,
Milwaukee, Los Angeles, San

mingham, Denver, Scuttle
Balt imo

HENOLITE,,
Laminated BAKELITE

For perfect electrical insula-
tion... Combines great phy-
sical and dielectric strength
with fine machining quality.

. Does not expand with
heat-shrink with cold-de-
teriorate with age, or "cold
flow" under pressure.... In
sheets, rods, tubes and special
shapes. For information write
Phenolite Products Div.

Co., Wilmington, Dcl., U. S. A.
d maintain sales and service offices at
Philadelphia, Pittsburgh, Cleveland.
Francisco, Detroit, Rochester, Dir

, Toronto, Greenville, St. Louis,
e, New Haven.
4 IV
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LAVA

INSULATORS
Lava insulators, made to
special design, meet exacting
requirements in the manu-
facture of electric appliances.

AMERICAN LAVA CORPORATION
27-67 Williamson Street

Chattanooga Tennessee

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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ACME WIRE
PRODUCTS

Acme Coil Windings
Winding coils with an engineer's

understanding of what they are ex-
pected to do does much to make
them uniformly efficient in operation
afterwards. Adding brains to blue
prints is regular practice in the
Acme plant . . . . because the same
engineers who design special windings
supervise all the windings going
through. Acme Wire is uniform to a
remarkably close tolerance. The
winding is done on high-speed pre-
cision machines that maintain
uniformity throughout long quantity
runs.
Field Coils

-for automotive starting and lighting systems,
and for farm lighting plants.

Ignition Coils
-wound to specification. Remarkably uni-
form. Tested under conditions far more
severe than service requirements.

Meter Coils
-made with extreme care and accuracy.
Resistance held within close limits. High
grade coils for accurate instruments.

Transformer Coils
-for Radio "B" Power supply and for audio
frequency amplification. Also bell ringing
and toy transformers.

Write Our Nearest Office for Catalog 4A.

The Acme Wire Co., New Haven, Conn.
Branches at

New York, 52 Vanderbilt Ave. Chicago, 427 West Erie St.
Boston, 80 Federal St. Cleveland, Guardian Bldg.

Please mention the JOURNAL of the A

Journal A. 1. E. E.
1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111fiffil ini

I
RATES. Forty cents per line; Ill 111111111ln charge

based on use of five lines; maximum space cannot
exceed twenty lines.

a
S

CLASSIFIED
ADVERTISEMENTS

Copy should he received by the 15th of the
month, for insertion in the iolloyying Issue.

S

WANTED: A. 1. E. E. TR.\ NS1CTIONS. We
wish to purchase American Institute of Electrical
Engineers TRANSACTIONS, - Nun plete files or odd
volumes, as well as Faraday Society Transactions and
other scientific journals. B. Login & Son, 29 East 21st
St., New York.

WANTED: Copies of the July (1925) JOURNAL of
the A. I. E. E. Available copies should be addressed
to the A. I. E. E., 33 West 39th St., New York, with
wrapper bearing sender's name and address. Twenty-
five cents will he paid for each copy returned.

WANTED: 'To buy a small public utility system,
either generating or purchasing energy for distribution,
serving from 150 to 500 customers. (Jive major details
and approximate price in first letter. All correspond-
ence strictly confidential. Address Class -118, JOURNAL
of the A. I. E. E., 33 West 39th St., New York.

OLIVER HEAVISIDE. Heaviside's writings are
an indispensable part of the personal library of the
electrical engineer or scientist whose work involves
advanced electric circuit theory. We offer a complete
reprint of Heaviside's "Electrical Papers," comprising
all of Heaviside's published writings, except what is
included in "Electromagnetic Theory," 2 vol., cloth,
6 x 9 in., 1200 pages, $20.00 postpaid. We will send on
approval to any member of the A. I. E. E. Copley
Publishers, Back Bay P. 0. Box 186. Boston, Mass.

POPULAR RESEARCH NA RATIVES are
proving useful 'round the world in many offices, schools
and laboratories. They are interesting home reading,
too. Two little hooks, just pocket size. In each book
50 short stories of research, invention, discovery-
footprints of progress. Send a set to your layman
friend. The Narratives are in language he can read.
Introductions by Dr. E. E. Slosson and Prof. M. I.
Pupin. Only $1.50 for the two volumes, postpaid.
Engineering Foundation, 29 West 39th Street, New
York, N. Y.

WANTED: RADIO TUBE PATENTS. The lar-
gest exclusive manufacturer of radio tubes in the United
States is ready to assist inventors and persons who have
useful ideas or patents pertaining to radio tubes. These
ideas can take in processes and construction of 110 volt
and other type tubes. This manufacturer has a well
equipped laboratory and the most up-to-date factory
where all ideas can be brought to a successful conclusion,
if at all practical from a manufacturing and merchan-
dising standpoint. Satisfactory remuneration will bethe reward for ideas accepted. Address Class -117,
JOURNAL of the A. I. E. E.. 33 West 39th St., New York.

founimmlimommummoulimimmumuoinumniumnimmitionimoomminomuminimmummiummiumunimumminiiinirummilm5
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IRVINGTON INSULATION
Means Longer Life for Electrical Equipment

Transformer leads made
in all sizes and

strengths.

Varnished paper -1, 2 and
3 ply for condensers, small
armatures, radio transform-
ers, coils, ignition, and in-
strument work.

Cellulak, Laminated shellac
construction, transformer
bushings, insulating sleeves,
and tubes up to 30 in.
diameter.

Since 1905, the Irvington Varnish & Insulator Co.

has been the leading manufacturer of varnished
insulating products. As a result, today the ma-
jority of high tension insulated wires and cables
are protected by Irvington black varnished cambric.

To maintain its leadership as the largest manu-
facturer of varnished cambric in the world, this

company has continually improved its products
and enlarged its line.

Hence Irvington Products now meet your require-

ments 100%. They include every kind of insula-
tion manufactured: cloth, paper, liquid, tubular
and solid.
Irvington Products are manufactured in its new
brick and reinforced concrete plant-fire-proofed
throughout to insure the user a continuous supply
of varnished insulation.
For samples and prices, write our nearest sales

representative.

Irvington Products
"Irvington Seamless Bias"

Varnished Silk
Transformer Leads

Varnished Paper
Coil Windings

Black and Yellow Varnished Cambric "Cellulak"

Straight and Bias Varnished Cambric
Insulating Varnishes and Corn -

Tapes
pounds

Flexible Varnished Tubing
"Irv -O -Slot Insulation"

IR.VING-TON VARNISH FA INSULATOR @.
IrvinOton,NTIejfersey.

Established 1905

Sales Representatives:
Mitchell -Rand Mfg. Co., New York

T. C. White Electric Supply Co., St. Louis

E. M. Wolcott, Rochester
Prehler Bros., Chicago
Consumers Rubber Co., Cleveland
Clapp & Lamoree, Los Angeles
Martin Woodard, Seattle
F. G. Scofield, Toronto

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering, and Related Arts and Science,

Established 1857

ALEXANDER & DOWELL
Attorneys at Law

PATENT, TRADEMARK AND
COPYRIGHT CASES

902 F Street, N. W. Washington, D. C.

AMBURSEN DAMS
Hydroelectric Developments

Water Supply and Irrigation Dams
DAMS ON DIFFICULT FOUNDATIONS

AMBURSEN CONSTRUCTION CO.
Incorporated

Grand Central Terminal, New York
Kansas City, Mo. Atlanta, Ga.

THE AMERICAN APPRAISAL CO.
Valuations and Reports

of
Public utility, industrial
and all other properties

Rate Cases Condemnation .Suits
Reorganizations Liquidations

NEW YORK MILWAUKEE
1896 And Principal Cities 1926

W. S. BARSTOW & COMPANY
Incorporated

Financial and Operating
Managers of

Public Utilities
60 Pine Street New York

BATTEY & KIPP
Incorporated

ENGINEERS
Complete Industrial Plants

Power Plants & Electrical Installations
Engineering Reports, Analyses & Appraisals
231 South LaSalle Street CHICAGO

BLACK & VEATCH
Consulting Engineers

Water, Steam and Electric Power Investiga-
tions, Design, Supervision of Construction,

Valuation and Tests.

Mutual Building KANSAS CITY, MO.

BYLLESBY
ENGINEERING AND MANAGEMENT

CORPORATION

231 S. La Salle Street
CHICAGO

New York San Francisco

The cost of a card in the
Engineering Directory is
$40 per year (12 issues.)
No larger space than 1"x2"
box may be used by any
one advertiser.

WALTER G. CLARK
Consulting Engineer

Electrical, Mining and Industrial
Reports

Supervision of Organization and Arrange-
ments for Financing

LOS ANGELES NEW YORK
1211 Insurance Exch. Bldg. 40 Wall St.

EDWARD E. CLEMENT
Fellow A. I. E. E.

Attorney and Expert
in Patent Causes

Soliciting, Consultation, Reports,
Opinions

McLachlen Bldg. Washington, D. C.
700 10th St., N. W.

C. E. CLEWELL
Consulting Engineer

Municipal Street Lighting Systems
Factory and Office Lighting

Engineering Bldg. Philadelphia, Pa.
33rd and Locust Streets

HAROLD A. DANNE

LIGHT AND POWER

41 PARK ROW NEW YORK

Fellow A. I. E. E Member A. S. M. E.

W. N. DICKINSON
Consulting Analyst

BUSINESS AND ENGINEERING
PROJECTS ANALYZED

Aeolian Hall, 33 W. 42nd St., New York City

DAVID V. FENNESSY

Consulting Power Engineer

MILLS BUILDING EL PASO, TEXAS

THOMAS FRANCIS FLYNN
Engineer

Specializing in Public Utility-Industrial-
Mining Problems

Rates Cases Inventories
Capitalization Cases Investigations
Reports Valuations

Plant Construction and Management
Formerly with Public Service Commission of
ALBANY New York State N. Y.

FORD, BACON & DAVIS
Incorporated

ENGINEERS
116 Broadway, New York

Philadelphia Chicago San Francisco

FRANK F. FOWLE & CO.

Electrical and Mechanical
Engineers

MONADNOCK BUILDING CHICAGO

FREYN ENGINEERING COMPANY
Industrial Electric Power

Generation-Application--Purchase
Combustion Engineering
Electric Furnace Installations

CHICAGO PHILADELPHIA
310 South Michigan Ave. 1600 Chestnut St.

M. H. GERRY, JR.
Consulting Engineer

Electrical Transmission of Power
Hydroelectric Developments

Steam and Diesel Plants
Industrial Applications

1107 Hobart Building San Francisco

L. F. HARZA

HYDRO -ELECTRIC ENGINEER

Monadnock Bldg. Chicago

HOOSIER ENGINEERING CO.

Erectors of
Transmission Lines and Substations

326 South New Jersey Street
INDIANAPOLIS INDIANA

Dugald C. Jackson
Edward L. Moreland

JACKSON & MORELAND

CONSULTING ENGINEERS

31 St. James Ave. Boston, Mass.

Patent Law - Electrical - General
Radio, Television, Photoelectric Cells, Tele-
graphy, Automatic Telephony, Measuring,
Selecting Systems, Supervisory Control, etc.

LUTHER JOHNS
Patent, Trademark and Copyright Lawyer
JOHN E. GARDNER, Associate

First National Bank Bldg. Chicago

E. S. LINCOLN
Consulting Electrical Engineer

Designs Investigations Reports

Electrical Research Laboratory

534 Congress St. PORTLAND, MAINE

S.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering and Related Arts and Sciences

J. N. MAHONEY
Consulting Engineer

Fellow A. L E. E. Mem. Am. Soc. M. E.

Design, Supervision, Specifications, Reports
Specialist in Electrical Power Switching and

Protective Equipment, Industrial and
Railway Control and Brake

Equipment
615 -77th STREET BROOKLYN, N. Y.

MCCLELLAN & JUNKERSFELD
Incorporated

Engineering and Construction
Power Developments-Industrial Plants

Electrifications-Examinations
Reports-Valuations

NEW YORK
68 Trinity Place

Chicago
St. Louis

W. E. MOORE & CO.
Engineers

Plans and Specifications for
Hydroelectric and Steam Power Plants

Industrial Plants and Electric Furnaces

Union Bank Building Pittsburgh. Pa.

N. J. NEALL

Consulting Engineer
for

Electrical and Industrial Properties

12 PEARL STREET BOSTON, MASS.

NEILER, RICH & CO.
Electrical and Mechanical

Engineers
Consulting, Designing and

Supervising

481 So. Dearborn St. - - - Chicago

NEVIL MONROE HOPKINS
Fellow A.T.E.E.

Invention and Patent Engineer
Complete Patent Service

25 West 44th Street NEW YORK

OPHULS & HILL, Inc.
Formerly Ophuls, Hill & McCreery, Inc.

CONSULTING ENGINEERS
112-114 WEST 42nd ST.,NEW YORK CITY

Ice Making and Refrigeration
Investigations and Reports

PUBLIC SERVICE
PRODUCTION COMPANY

Engineers and Constructors
Design and Construct: Power Plants,

Transmission Lines, Industrial Plants,
Highways, Railroad Shops and Terminals,

Gas Plants, Commercial Buildings
Make: Examinations, Reports and Valuations
80 PARK PLACE NEWARK, N. J.

Dwight P. Robinson & Company
Incorporated

Design and Construct
Power Plants, Hydro-Electric De-

velopments, Industrial Plants,
Railroad Shops and Terminals

Chicago New York Los Angeles

SANDERSON & PORTER
ENGINEERS

PUBLIC UTILITIES & INDUSTRIALS

Design Construction Management
Examinations Reports Valuations

Chicago New York San Francisco

SARGENT & LUNDY
Incorporated

Mechanical and Electrical
Engineers

1412 Edison Bldg., 72 West Adams Street
CHICAGO ILLINOIS

SCOFIELD ENGINEERING CO.

Consulting Engineers
Power Stations Gas Works

Hydraulic Developments Electric Railways
Examinations & Reports Valuations

Philadelphia

J. E. SIRRINE & COMPANY
Engineers

Textile Mills; Hydro -Electric Develop-
ments; Tobacco Products Plants; Cotton,
Tobacco and General Warehousing; Indus-
trial Housing; Steam Power Plants; Steam

Utilization.
Greenville Chattanooga

South Carolina Tennessee

JOHN A. STEVENS

CONSULTING POWER ENGINEER

16 Shattuck Street

LOWELL MASSACHUSETTS

STEVENS & WOOD
INCORPORATED

Engineers and Constructors
120 BROADWAY, NEW YORK

Youngstown, 0.

William M. Stockbridge V;ctor D. Borst

STOCKBRIDGE & BORST

Patent Lawyers

41 PARK ROW NEW YORK CITY

STONE & WEBSTER
Incorporated

Examinations Reports Appraisals
on

Industrial and Public Service
Properties

NEW YORK BOSTON CHICAGO

PERCY H. THOMAS
Consulting Engineer
ELECTRIC POWER

Generation - Transmission
Applications

120 BROADWAY NEW YORK

THE U. G. I. CONTRACTING CO.

Engineers & Constructors
Power Developments, Industrial Plants, Gas
Plants, Transmission Systems, Appraisals

Broad & Arch Sts., PHILA., PA.

421 Peoples Gas 928 Union Trust
Bldg., Chicago, Ill. Bldg., Pittsburgh, Pa.

VIELE, BLACKWELL & BUCK
Engineers

Designs and Construction
Hydroelectric and Steam Power Plants

Transmission Systems Industrial Plants
Reports Appraisals

49 WALL STREET NEW YORK

THE J. G. WHITE
ENGINEERING CORPORATION

Engineers-Constructors
Oil Refineries and Pipe Lines,

Steam and Water Power Plants,
Transmission Systems, Hotels, Apartments,
Offices and Industrial Buildings, Railroads

43 EXCHANGE PLACE NEW YORK

Rudolf Wildermann, E. E.
Dr. 0. K. Zwingenberger

Wildermann & Zwingenberger

PATENT ATTORNEYS

160 Fifth Ave. New York

J. G. WRAY & CO.
Engineers

J. G. Wray, Fellow A.I.E.E. Cyrus G. Hill

Utilities and Industrial Properties
Appraisals Construction Rate Surveys
Plans Organization Estimates
Financial Investigations Management

1217 First National Bank Bldg. ,Chicago

To be printed in the following

issue, copy for cards must be
received by the 20th of the month.
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Classified Advertiser's Index for Buyers
Manufacturers and agents for machinery and supplies used in the electrical and allied industries.

Note: For reference to the Advertisements see the Alphabetical List of Advertisers on page 62.AIR COMPRESSORS
Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady
Western Electric Co., All Principal Cities

AIR COMPRESSOR FILTERS
Midwest Air Filters, Inc., Bradford, Pa.
Spray Engineering Co., Boston

AIR FILTERS, COOLING
Midwest Air Filters, Inc., Bradford, Pa.
Spray Engineering Co., Boston

AIR WASHERS
Spray Engineering Co., Boston
Sturtevant Company, B. F., Boston

ALARMS, TEMPERATURE, PRESSURE
Cory, & Son, Inc., Chas., New York

AMMETER COMPENSATING COILS
Minerallac Electric Co., Chicago

AMMETER, VOLTMETERS
(See INSTRUMENTS, ELECTRICAL )

ANCHORS, GUY
Matthews Corp., W. N., St. Louis

ANNUNCIATORS, AUDIO -VISIBLE
Cory & Son, Inc., Chas., New York

BALANCING MACHINES, STATIC DYNAMIC
Olsen Testing Mach. Co., Tinius, Phila-delphia

BATTERY CHARGING APPARATUS
Electric Specialty Co., Stamford, Conn.
Fansteel Products Co., Inc., North Chicago
General Electric Co., Schenectady
Ward Leonard Electric Co., Mt.Vernon, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BEARINGS, BALL

New Departure Mfg. Co., The, Bristol, Conn.
Norma -Hoffman Bearings Corp., Stamford,

Conn.
Standard Steel & Bearings, Inc., Plainville,

Conn.
BEARINGS, ROLLER

Timken Roller Bearing Co., The, Canton, 0.
BOXES, FUSE

General Electric Co., Schenectady
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., Pitts-burgh

BOXES, JUNCTION
G & W Elec. Specialty Co., Chicago
Metropolitan Device Corp., Brooklyn, N. Y.
Standard Underground Cable Co., Pittsburgh

BRUSHES, COMMUTATOR
Car bon

Morganite Brush Co., Inc., New York
National Carbon Co., Inc., Cleveland
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Copper Graphite

Morganite Brush Co., Inc., New York
National Carbon Co., Inc., Cleveland
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BUS BAR FITTINGS

Burndy Engineering Co., Inc., New York
Delta -Star Electric Co., Chicago
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CABLE ACCESSORIES

Delta -Star Electric Co., Chicago
Dossert & Co., New York
G & W Electric Specialty Co., Chicago
General Electric Co., Schenectady
Minerallac Electric Co., Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

CABLES
See WIRES AND CABLES

CABLEWAYS
American Steel & Wire Co., Chicago
Roebling's Sons Co., John A., Trenton, N. J.

CAMBRIC, VARNISHED
Belden Mfg. Co., Chicago
Irvington Varnish & Ins. Co., Irvington, N. J.

CARRIER CURRENT TELEPHONE EQUIP-
MENT

Dubilier Condenser & Radio Corp., N. Y.
Western Electric Co., All Principal Cities
Wireless Specialty Apparatus Co., Boston

CIRCUIT BREAKERS
Air-Enclosed

Cutter Co., The, Philadelphia
Roller -Smith Co., New York
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., Mt.Vernon, N.Y.
Western Electric Co., All Principal Cities

Oil
Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CLAMPS, GUY & CABLE

Burndy Engineering Co., Inc., New York
Matthews Corp., W. N., St. Louis

COILS, CHOKE
Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

COILS, MAGNET
Acme Wire Co., New Haven, Conn.
Belden Mfg. Co., Chicago
Dudlo Mfg. Corp., Ft. Wayne, Ind.
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CONDENSATION PRODUCTS

,Bakelite Corporation, New York
CONDENSERS, COUPLING

For Carrier Current Telephone
Dubilier Condenser & Radio Corp., New York
Wireless Specialty Apparatus Co., Boston

CONDENSERS, RADIO
Dubilier Condenser & Radio Corp., New York
General Radio Co., Cambridge, Mass.
Pacent Electric Co., New York

CONDENSERS, STEAM
Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CONDUIT, UNDERGROUND FIBRE

Western Electric Co., All Principal Cities
CONNECTORS, SOLDERLESS

Dossert & Co., New York
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CONNECTORS AND TERMINALS

Belden Mfg. Co., Chicago
Burke Electric Co., Erie, Pa.
Burndy Engineering Co., Inc., New York
Dossert & Co., New York
G & W Electric Specialty Co., Chicago
Western Electric Co., All Principal Cities
WestinghouSe Elec. & Mfg. Co., E. Pitts-

burgh
CONTACTS, TUNGSTEN

Fansteel Products Co., Inc., North Chicago
General Electric Co., Schenectady

CONTROL SYSTEMS
Ward Leonard Electric Co., Mt. Vernon N. Y.

CONTROLLERS
General Electric Co., Schenectady
Rowan Controller Co., Baltimore
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., Mt.Vernon, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CONVERTERS-SYNCHRONOUS

Allis-Chalmers Mfg. Co., Milwaukee
Electric Specialty Co., Stamford, Conn.
Wagner Electric Corp., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
COOLING PONDS

Spray Engineering Co., Boston
COPPER CLAD WIRE

Belden Mfg. Co., Chicago
Copperweld Steel Co., Rankin, Pa.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

CUT-OUTS
Condit Electrical Mfg. Corp., S. Boston
General Electric Co., Schenectady
G & W Electric Specialty Co., Chicago
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
DIMMERS, THEATRE

Ward Leonard Electric Co., Mt.Vernon, N. Y.
DYNAMOS

(See GENERATORS AND MOTORS)
DYNAMOTORS

Burke Electric Co., Erie, Pa.
Electric Specialty Co., Stamford, Conn.

ELECTRIFICATION SUPPLIES, STEAMROAD
General Electric Co., Schenectady
Ohio Brass Co., Mansfield, Ohio
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
ENGINEERS, CONSULTING AND CON-

TRACTING
(See PROFESSIONAL ENGINEERING
DIRECTORY)

ENGINES Gas &' Gasoline
Allis-Chalmers Mfg. Co., Milwaukee
Sturtevant Company, B. F., Boston

Oil
Allis-Chalmers Mfg. Co., Milwaukee
Sturtevant Company, B. F., Boston

Steam
Allis-Chalmers Mfg. Co., Milwaukee
Sturtevant Company, B. F.. Boston

FANS, MOTOR
Century Electric Co., St. Louis
General Electric Co., Schenectady
Star Electric Motor Co., Newark, N. J.
Sturtevant Company, B. F., Boston
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
FARM LIGHTING GENERATORS

Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

FIBRE
Belden Mfg Co., Chicago
National Vulcanized Fibre Co., Wilmington,

Del.
FIRE PROTECTION APPARATUS

Kidde & Co., Inc., Walter, New York
FLOW METERS

Cory & Son, Inc., Chas., New York
General Electric Co., Schenectady
Spray Engineering Co., Boston

FURNACES, ELECTRIC
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
FUSES En lased Refillable

General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-burgh

Ens hosed Non- Refilla ble
General Electric Co., Schenectady
Western Electric Co., All Principal Cities

Open Li ale
General Electric Co., Schenectady
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities

hfi,/i Tension
Delta -Star Electric Co., Chicago
Metropolitan Device Corp., Brooklyn, N. Y.Western Electric Co., All Principal CitiesGEARS, FIBRE
General Electric Co., Schenectady
National Vulcanized Fibre Co., Wilmington,Del.

GENERATORS AND MOTORS
Allis-Chalmers Mfg. Co., Milwaukee
Burke Electric Co., Erie, Pa.
Century Electric Co., St. Louis
Chandeysson Electric Co., St. Louis
Electric Specialty Co., Stamford, Conn.
Electro-Dynamic Co., Bayonne, N. J.
General Electric Co., Schenectady
Master Electric Co., The, Dayton, 0.
Star Electric Motor Co., Newark, N. J.
Sturtevant Company, B. F., Boston
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-burgh

GENERATING STATION EQUIPMENT
Allis-Chalmers Mfg. Co., Milwaukee
Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-burgh

GROUND RODS
Copperweld Steel Co., Rankin, Pa.
Western Electric Co., All Principal Cities

HEADLIGHTS
Ohio Brass Co., Mansfield, 0.

HEATERS, INDUSTRIAL
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
INDICATORS, LOAD

Cory & Son, Inc., Chas., New York
INDICATORS, SPEED

Bristol Co., The, Waterbury, Conn.
Roller -Smith Co., New York

INDICATORS, WATER LEVEL
Bristol Co., The, Waterbury. Conn.
Cory & Son, Inc., Chas., New York

INSTRUMENTS, ELECTRICAL
Graphic

Bristol Co., The, Waterbury, Conn.
Ferranti, Ltd., London, Eng.
Ferranti Meter & Transformer Mfg. Co.,

Ltd., Toronto, Ont.
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
I ndicaling

Bristol Co., The, Waterbury, Conn.
Ferranti, Ltd., London, Eng.
Ferranti Meter & Transformer Mfg. Co.,

Ltd., Toronto, Ont.
General Electric Co., Schenectady
Jewell Elec. Instrument Co., Chicago
Roller -Smith Co., New York
Westinghouse Elec. & Mfg. Co , E. Pitts-burgh
Weston Elec. Inst. Corp., Newark, N. J.

Integrating
Duncan Elec. Mfg. Co., Lafayette, Ind.
Ferranti, Ltd., London, Eng.
Ferranti Meter & Transformer Mfg. Co.,

Ltd., Toronto, Ont.
General Electric Co., Schenectady
Roller -Smith Co., New York
Sangamo Elec. Co., Springfield, Ill.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Radio

General Radio Co. Cambridge, Mass.
Jewell Elec. Instrument Co., Chicago

Repairing and Testing
Electrical Testing Laboratories, New York
Jewell Elec. Instrument Co., Chicago

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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MOLONEY
TRANSFORMERS
Moloney Electric Company. St. L oaf s,
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Classified Advertiser's Index for Buyers Continued
INSTRUMENTS, ELECTRICAL-Continued

Sci ems I ti , Laboratory, Testing
General Electric Co., Schenectady
Jewell Elec. Instrument Co., Chicago
Metropolitan Device Corp., Brooklyn, N . Y.
Roller -Smith Co., New York
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-burgh
Weston Elec. Inst. Corp., Newark, N. J.

Telegraph
Western Electric Co., All Principal Cities

INSULATING MATERIALS
Board

West Va. Pulp & Paper Co., New York
Cloth

Acme Wire Co., New Haven, Conn.
Irvington Varnish & Ins. Co., Irvington, N.J.
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Composition

American Lava Corp., Chattanooga
Bakelite Corporation, New York
Belden Mfg. Co., Chicago
Westinghouse Elec. & Mfg Co., E. Pitts-

burgh
Compounds

Minerallac Electric Co., Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Fibre
National Vulcanized Fibre Co., Wilmington,

Del.
West Va. Pulp & Paper Co., New York

Lava
American Lava Corp., Chattanooga, Tenn.

Mica
New England Mica Co., Waltham, Mass.

Paper
Acme Wire Co., New Haven, Conn.
Irvington Varnish & Ins. Co., Irvington, N.J.
Tullis, Russell & Co., Ltd., London, Eng.

Silk
Acme Wire Co., New Haven, Conn.
Irvington Varnish & Ins. Co., Irvington, N.J.

Tape
Belden Mfg. Co., Chicago
Minerallac Electric Co., Chicago
Okonite Co., The, Passaic, N. J.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Varnishes

Acme Wire Co., New Haven, Conn.
General Electric Co., Schenectady
Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago

INSULATORS, HIGH TENSION
Corn position

General Electric Co., Schenectady
Glass

Hemingray Glass Co., Muncie, Ind.
Porcelain

General Electric Co., Schenectady
Lapp Insulator Co., Inc., ReRoy, N. Y.
Locke Insulator Corp., Baltimore
Ohio Brass Co., Mansfield, 0.
Thomas & Sons Co., R., East Liverpool, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Post Type

Delta -Star Electric Co., Chicago
INSULATORS, TELEPHONE & TELEGRAPH

Hemingray Glass Co., Muncie, Ind.
Western Electric Co., All Principal Cities

LAMP GUARDS
Matthews Corp., W. N., St. Louis
Western Electric Co., All Principal Cities

LAVA
.American Lava Corp., Chattanooga

LIGHTING FIXTURES
Cory & Son, Inc., Chas., New York

LIGHTNING ARRESTERS
Delta -Star Electric Co., Chicago
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
LINEMEN'S PROTECTIVE DEVICES

Linemen Protector Co. Detroit, Mich:
LOCOMOTIVES, ELECTRIC

General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
METERS, ELECTRICAL

(SEE INSTRUMENTS, ELECTRICAL)
MICA

New England Mica Co., Waltham, Mass.
MOLDED INSULATION

Bakelite Corporation, New York
Belden Mfg. Co., Chicago
Burke Electric Co., Erie, Pa.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
MOLYBDENUM

Fansteel Products Co., Inc., North Chicago
MOTORS

(See GENERATORS AND MOTORS)
OHMMETERS

Cory & Son, Inc. Chas., New York
Jewell Elec. Instrument Co. Chicago
Roller -Smith Co., New York
Weston Elec. Instr. Corp., Newark, N. J.

OIL SEPARATORS & PURIFIERS
DeLaval Separator Co., The, New York
Sharpies Specialty Co., The, Philadelphia
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
PANEL BOARDS

(See SWITCHBOARDS)
PATENT ATTORNEYS

(See PROFESSIONAL ENGINEERING
DIRECTORY)

PLUGS
Delta -Star Electric Co., Chicago
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Wbeustrignhghouse Elec. & Mfg. Co., E. Pitts -

POLES, STEEL
American Bridge Co., Pittsburgh
Pacific Coast Steel Co., San Francisco
Western Electric Co., All Principal Cities

POLES-TIES, WOOD
Western Electric Co., All Principal Cities

POTHEADS
G & W Electric Specialty Co. Chicago
Standard Underground Cable Co., Pitts-

burgh
Western Electric Co., All Principal Cities

PROTECTIVE DEVICES
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co.. All Principal Cities

PULLERS, SLACK
Matthews Corp., W. N., St. Louis

PUMPS
Allis-Chalmers Mfg. Co., Milwaukee

PUMPS, SPIRAL
Cramp & Sons Ship & Engine Bldg. Co.,

The Wm., Philadelphia
RADIO LABORATORY APPARATUS

General Radio Co., Cambridge, Mass.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RAILWAY SUPPLIES, ELECTRIC

General Electric Co., Schenectady
Ohio Brass Co., Mansfield, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
REACTORS

General Electric Co., Schenectady
Metropolitan Device Corp., Brooklyn, N. Y.RECTIFIERS
Fansteel Products Co., Inc., North Chicago
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
REELS, PAYOUT AND TAKEUP

Matthews Corp., W. N., St. Louis
REGULATORS, VOLTAGE

Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RELAYS

Cory & Son, Inc., Chas., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RESISTOR UNITS

General Electric Co., Schenectady
Ward Leonard Electric Co., Mt. Vernon, N.Y.RHEOSTATS
Biddle, James G., Philadelphia
General Electric Co., Schenectady
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., Mt. Vernon, N.Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
ROPE, WIRE

American Steel & Wire Co., Chicago
Roebling's Sons Co., John A., Trenton, N. J.

SEARCHLIGHTS
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh.
SHEETS, ELECTRICAL

Trumbull Steel Co., The, Warren, 0.
SOCKETS AND RECEPTACLES

General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitt s -burgh

SOLENOIDS
Acme Wire Co., New Haven, Conn.
Belden Mfg. Co., Chicago
Dudlo Mfg. Co., Ft. Wayne, Ind.
General Electric Co., Schenectady
Sundh Electric Co. Newark, N. J.
Ward Leonard Electric Co., Mt.Vernon, N.Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
STARTERS, MOTOR

Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Rowan Controller Co., Baltimore, Md.
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., Mt.Vernon, N. Y.
Westinghouse Elec. & Mfg. Co.. E. Pitts-

burgh
STEEL, SHEET & STRIPS

Trumbull Steel Co., The, Warren, 0.
STOKERS, MECHANICAL

Sturtevant Company, B. F., Boston
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

SUB -STATIONS
General Electric Co., :-)( Iii.nectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SWITCHBOARDS

Allis-Chalmers Mfg. Co., Milwaukee
Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Wes
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SWITCHES 4ntomatir Ti me

Ferranti, Ltd., London, Eng.
Ferranti Meter & Transformer Mfg. Co.,

Ltd., Toronto, Ont.
General Electric Co., Schenectady
Minerallac Electric Co., Chicago
Sundh Electric Co., Newark, N. J.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
s-onnerting

Burke Electric Co., Erie, Pa.
Condit Electrical Mfg. Co., Boston
Delta -Star Electric Co., Chicago
General Electric Co., Schenectady
K -P -F Electric Co., San Francisco
Matthews Corp., W. N., St. Louis
Thoner & Martens, Boston

use
General Electric Co., Schenectady
Matthews Corp., W. N., St. Louis
Metropolitan Device Corp., Brooklyn, N.Y.
Thoner & Martens, Boston

Knife
Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Matthews Corp., W. N., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Maznetic

Ward Leonard Electric Co., Mt.Vernon. N.Y.
Oil

Condit Electrical Mfg. Co., Boston
General Electric Co., Schenectady
Western Electric Co., All PrincipalCities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Remote Control

Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Rowan Controller Co., Baltimore
Sundh Electric Co., Newark, N. J.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
TANTALUM

Fansteel Products Co., Inc., North Chicago
TELEGRAPH APPARATUS

Western Electric Co., All Principal Cities
TELEPHONE EQUIPMENT

Cory & Son, Inc., Chas., New York
Western Electric Co., All Principal Cities

TESTING LABORATORIES
Electrical Testing Labs., New York

TESTING MACHINES, MATERIAL
For Tension, Compression, Ductility, Endurance,

etc.
Olsen Testing Machine Co., Tinius, Phila-

delphia
TOWERS, TRANSMISSION

American Bridge Co., Pittsburgh
Pacific Coast Steel Co., San Francisco
Western Electric Co., All Principal Cities

TRANSFORMERS
Allis-Chalmers Mfg. Co.. Milwaukee
American Transformer Co., Newark, N. J.
Duncan Elec. Mfg. Co., Lafayette, Ind.
Ferranti, Ltd., London, Eng.
Ferranti Metzr 4 Transformer Mfg. Co.,Ltd., Toronto, Ont.
General Electric Co., Schenectady
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-burgh

Factory
American Transformer Co., Newark, N. J.
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities

Furnace
Allis-Chalmers Mfg. Co., Milwaukee
American Transformer Co., Newark, N. J.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh

Metering
American Transformer Co., Newark, N. J.Ferranti, Ltd., London, Eng.
Ferranti Meter & Transformer Mfg. Co.,Ltd., Toronto, Ont.
Pittsburgh Transformer Co., Pittsburgh

Mill Type
Pittsburgh Transformer Co., Pittsburgh

Radio
American Transformer Co., Newark, N. J.Street Lighting
Kuhlman Electric Co., Bay City, Mich.
Western Electric Co., All Principal Cities

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Bakelite insulated Canopy Switches made by Beaver Machine and Tool Co., Newark, N. J.

Breakage losses eliminated-uniformity
assured through molding of Bakelite

Porcelain was formerly used for the
bases of these small canopy switches,
but porcelain was brittle, could not
be held to accurate dimensions and
sometimes caused trouble because of
surface roughness.

Now the Beaver Machine and Tool
Co. mold the bases of Bakelite which
provides the required dielectric
strength and at the same time
eliminates breakage, assures
absolute uniformity and per-
fectly smooth surfaces.
Bakelite is steadily replacing

other materials for insulation parts
of every size. Through its use as-
sembly operations are being reduced,
quality improved and frequently
costs are lowered. Our engineers and
research laboratories gladly cooper-
ate with manufacturers in adapting
Bakelite to their needs.

Our Booklet No. 3, "Bakelite
Molded," illustrates and de-
scribes a variety of electrical
applications. Your request
would bring a copy by return
mail.

BAKELITE
MOLDED

BAKELITE CORPORATION
247 Park Avenue, New York, N. Y., Chicago Office: 636 West 22nd St.

BAKELITE CORPORATION OF CANADA, LTD., 163 Dufferin St., Toronto, Ontario, Can.

BA REGISTERED

01a.I TE
THE MATERIAL 0 F OHO A THOUSAND USES

'"T/se registered Trade Mork and Symbol shown above may
be used only on products made from materials

manufactured by Bakelite Corporation. Under
the capital "B" is the numerical sign for infinity. or unlimitert

quantity It symbolizes the infinity number of present
and future uses of Bakelite Corporation's products.",

Please mention the JOURNAL ofthe A. 1. E. E. when writing to advertisers.
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Pronounced by Engineers
"the best transformer made"

ENGINEERS (including those of the oldest and
largest engineering laboratories in the world)who have rigidly tested and charted the voltageamplification of the Pacent Superaudioformer

pronounce it "the best transformer made."

PACENT SCPERAUDIOFOR3IER
Ott. t7A. 4.,

Developed with the
proper amount of cop-
per and iron to give
clear. unmarred and
undistorted tone. Ratio
3 to I-high enough
for energy amplifica-
tion of 500 to I per
audio step-yet loss
enough so that higher
frequencies are not dis-
torted. Practically
uniform amplification
through six octaves.
Designed for power
amplification and for
plate voltages up to
500 volts. Ask for
illustrated catalog
fully describing the
Superaudioformer
and other Pacent radio
essentials.

PACENT ELECTRIC COMPANY, Inc.
91 Seventh Avenue, New York City

Makers of
PACENT RADIO ESSENTIALS

Journal A. 1. F. E.

J
Makes

fine lines

for
Figuring
Checking
Underscoring
Blueprints,
etc.

No.
Blue . . 1206
Red. . . 1207
Green . 1208
Yellow. 1209
Purple . 1210
Brown. 1212
Black. . 1213
Orange. 1214
White . 1215
Light Blue

1216
Pink . . 1217
Light Green

1218

Trice
$1.00
per do;.

trIQUE
Colored
THIN LEAD

Pencils

JcOMETHING wanted
for years! A colored

pencil with the same di-
ameter lead as in writing
pencils; can be sharpened
in a pencil sharpener.
An absolute necessity
for making fine lines in
color on charts and
plans-something never
achieved before. The 12
colors also enable each
executive to have his
own color symbol.

adopted by
executives  accountants
draftsmen  photographers
artists  teachers

useful to everyone

At all dealPrs, or write us dm,

American Lead Pencil Co.
204 Fifth Ave., New York

Makers of the famous 'Venus 'Pencils

Classified Advertiser's Index for Buyers Continued
TROLLEY LINE MATERIALS

General Electric Co., Schenectady
Ohio Brass Co., Mansfield, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
TURBINES, HYDRAULIC

Allis-Chalmers Mfg. Co., Milwaukee
Cramp & Sons Ship & Engine Bldg. Co.,

The Wm., Philadelphia
TURBINES, STEAM

Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady
Sturtevant Company. B. F.. Boston
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
TURBINE SIGNAL SYSTEMS

Cory & Son, Inc., Chas.. New York
TURBO -GENERATORS

Allis-Chalmers Mfg. Co., Milwaukee
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
VALVE CONTROL, ELECTRIC

Bristol Company, The. Waterbury, Conn.
Cory & Son, Inc., Chas., New York

VALVES, JOHNSON HYDRAULIC
Cramp & Sons Ship & Engine Bldg. Co.,

The Wrn., Philadelphia
VARNISHES, INSULATING

General Electric Co., Schenectady
Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
WELDING EQUIPMENT, ELECTRICAL

General Electric Co., Schenectady
Ohio Brass Co., Mansfield, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
WIRES AND CABLES

.lrreured Calve
American Steel & Wire Co., Chicago
Atlantic Ins. Wire & Cable Co., Rome, N. Y.
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady
Hazard Manufacturing Co., Wilkes-Barre, Pa.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The Passaic, N. J.
Roebling'r Sons Co., John A.. Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Please mention the

Asbestos Cwered
American Steel & Wire Co., Chicago
Atlantic Ins. Wire & Cable Co., Rome, N. V.
Belden Mfg. Co., Chicago
General Electric Co., Schenectady

American Steel & Wire Co., Chicago
Atlantic Ins. Wire & Cable Co.. Rome, N. Y.
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady
Kerite Ins. Wire & Cable Co., New York
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Bire C.pper
American Ins. Wire & Cable Co., Chicago
American Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
Atlantic Ins. Wire & Cable Co., Rome, N. Y.
Belden Mfg. Co., Chicago
Copperweld Steel Co., Rankin, Pa.
Hazard Manufacturing Co., Wilkes-Barre,

Pa.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., MI Principal Cities

Copprr Cid/
Copperweld Steel Co., Rankin. Pa.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Flexible Cord
American Steel & Wire Co., Chicago
Atlantic Ins. Wire & Cable Co., Rome, N. Y.
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady
Hazard Manufacturing Co.. Wilkes-Barre,

Pa.
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

FGeneral

Electric Co.,jieSchenectady
Roebling's Sons Co., John A., Trenton, N. J.
Western Electric Co., All Principal Cities
Lead Cctertd (Paper and Varnished cam brit

insulated
American Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
Atlantic Ins. Wire & Cable Co., Rome, N. Y.

JOURNAL of the A. I. E. E. when writing to

.eneral Electric Cs., Schenectady
Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Okonite-Callender Cable Co., The, Inc.,

Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Cs., Boston
Standard Underground Cable Co.. Pittsburgh
Western Electric Co., All Principal Cities

American Steel & Wire Co., Chicago
Atlantic Ins. Wire & Cable Co., Rome, N. Y.
Belden Mfg. Co., Chicago
Dudlo Mfg. Corp., Fort Wayne, Ind.
General Electric Co., Schenectady
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Rubber I nsu!aled
American Steel & Wire Co., Chicago
Atlantic Ins. Wire & Cable Co., Rome, N.Y.
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady
Hazard Manufacturing Co., Wilkes-Barre,

Pa.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Tr,;le)
American Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
Atlantic Ins. Wire & Cable Co., Rome, N. Y.
Copperweld Steel Co., Rankin, Pa.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Wratherprow
American Ins. Wire & Cable Co., Chicago
American Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
Atlantic Ins. Wire & Cable Co., Rome, N. Y.
Copperweld Steel Co., Rankin, Pa.
General Electric Co., Schenectady
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

advertisers.
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CHAS. CORY8 SONINc.
The Worlds' Largest Manufacturer of Signaling, Communicating,

Lighting and Control Equipment
183-7 VARICK ST., NEW YORK

BOSTON BALTIMORE DETROIT SEATTLE
110 High St. 74 Knickerbocker Bldg. 155 W. Congress 515 Hodge Bldg.

PHILADELPHIA NEW ORLEANS CHICAGO SAN FRANCISCO
The Bourse 826 Baronne 22 W. Quincy 11 Mission St.

len

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.



Olsen -Carwen

Static -

Dynamic

Balancing

Machine

A I )V1:ItTISINii SloA

T INIUS OLSE.N
TE,AritIG HACkilt.F. cc,

v.:lit A P., " 5 '4

The OLSEN-CARWEN indicates unbalance both
statically and dynamically in ounce inches on
indicating dials, together with the angle or plane
of unbalance; and also indicates the axial rotation
of the static unbalance along the length of the rotor.

The OLSEN-CARWEN is built in many sizes to
take in all types and weights of rotors.

The Standard
for Quality

the World Over

A. I. E. E.

Special OLSEN-CARWEN machines for balancing
Armatures, Turbine Rotors, Crankshafts,
Flywheels, Pulleys, Propeller Shafts, Cutter -

Heads, etc.

To ELIMINATE VIBRATION and secure per-
fect balance with speed and economy use
THE OLSEN-CARWEN.

Sole Manufacturers

TINIUS OLSEN TESTING MACHINE COMPANY
500 North Twelfth Street, PHILADELPHIA, PA., U. S. A.

ALPHABETICAL LIST OF ADVERTISERS
PAGE

Acme Wire Company, The 52
Alexander & Dowell 54
Allis-Chalmers Manufacturing Co 36
Aloe Company, A. S. 50
Ambursen Construction Company, Inc 54
American Appraisal Company, The 54
American Bridge Company 22
American Insulated Wire & Cable Co 42
American Lava Corporation 51
American Lead Pencil Company 46, 60
American Steel & Wire Company 29
American Transformer Company 39
Anaconda Copper Mining Company 40
Atlantic Insulated Wire & Cable Co 42

Bakelite Corporation 59
Barstow & Company, Inc., W. S 54
Battey & Kipp, Inc 54
Belden Manufacturing Company Back Cover
Black & Veatch 54
Boston Insulated Wire & Cable Co 42
Bristol Company, The 46
Burke Electric Company 50
Burndy Engineering Company, Inc 33
Byllesby Engineering & Management Corp 64

Century Electric Company
Chandeysson Electric Company
Clark, Walter G
Classified Advertisements
Clement, Edward E
Clewell, C. E
Condit Electrical Manufacturing Corp
Copperweld Steel Company
Cory & Son, Inc., Chas
Cramp & Sons Ship & Engine Bldg. Co., The

Wm.
Cutter Company, The

49
37
54
52
54
54
13
40
61

23
63

Danne, Harold A 64
De Laval Separator Company 16
Delta -Star Electric Company 44
Dickinson, W. N 54
Dossert & Company 31
Dubilier Condenser & Radio Corp 21
Dudlo Manufacturing Corporation 20
Duncan Electric Manufacturing Co 48
Electric Specialty Company 48
Electrical Testing Laboratories 61
Electro Dynamic Company 48
E ngineering Directory 54, 55

PAGE
Fansteel Products Company, The 47
Fennessy, David V 54
Ferranti, Limited 7
Flynn, Thomas F 54
Ford, Bacon & Davis, Inc 54
Fowle & Company, Frank F 54
Freyn Engineering Company 54

G & W Electric Specialty Company 30
General Electric Company 8, 9, 10, 11, 26
General Radio Company 34
Gerry, M. H., Jr 54
Hamilton Institute, Alexander 19
Harza, L. F 54
Hazard Manufacturing Company 40
Hemingray Glass Company 44
Hoosier Engineering Company 54
Hopkins, Nevil Monroe 54

Irvington Varnish & Insulator Company 53
Jackson & Moreland 54
Jewell Electrical Instrument Company 46
Johns, Luther 54

Kerite Insulated Wire & Cable Co., Inc. 1
K -P -F Electric Company 44
Kuhlman Electric Company ' 14
Lapp Insulator Company, Inc 35
Lincoln, E. S 54
Linemen Protector Company 43
Locke Insulator Corporation 24 25

Mahoney, J. N 55
Manufacturers' & Inventors' Elec. Co 50
Master Electric Company, The 48
Matthews Corporation, W. N 27
McClellan & Junkersfeld, Inc 55
Metropolitan Device Corporation 64
Midwest Air Filters, Inc 45
Minerallac Electric Company 41
Moloney Electric Company 57
Moore & Company, W. E 55
Morganite Brush Company, Inc., The 50

National Vulcanized Fibre Company 51
Neal!, N. J 55
Neiler, Rich & Company 55
New Departure Manufacturing Co., The 3
New England Mica Company 51
Norma -Hoffmann Bearings Corporation 4

PAGE
Ohio Brass Company, The 18
Okonite Company, The Inside Back Cover
Okonite-Callender Cable Co., Inc., The . . Cover
Olsen Testing Machine Co., Tinius 62
Ophuls & Hill, Inc 55
Pacent Electric Company, Inc....
Pacific Coast Steel Company
Pittsburgh Transformer Company
Public Service Production Company..
Robinson & Co., Inc., Dwight P
Roebling's Sons Company, John A
Rowan Controller Company, The

60
42
42
55

55
42
45

Sanderson & Porter 55
Sangamo Electric Company 32
Sargent & Lundy, Inc 55
Scofield Engineering Company 55
Sharpies Specialty Co., The 17
Simplex Wire & Cable Company 43
Sirrine & Co., I. E 55
Spray Engineering Company 45
Standard Steel & Bearings, Inc 49
Standard Underground Cable Company 41
Standards of A. I. E. E. 4 5o
Star Electric Motor Company . 48
Stevens, John A 55
Stevens & Wood, Inc 55
Stockbridge & Borst 55
Stone & Webster, Inc 56
Sturtevant, B. F.,Company 48
Sundh Electric ompany 38

Thomas, Percy H 55
Thomas & Sons Company, The R 44
Thoner & Martens 44
Timken Roller Bearing Company...... 2
Trumbull Steel Company, The 5o
Tullis, Russell & Co., Ltd 28

U. G. I. Contracting Company, The 55
Viele, Blackwell & Buck 55
Ward Leonard Electric Company 6
West Va. Pulp & Paper Company 51
Western Electric Company 6
Westinghouse Elec. & Mfg. Co 12
Weston Electrical Instrument Corp 47
White Engineering Corp., The J. G 18 55
Wildermann & Zwingenberger 55
Wireless Specialty Apparatus Company 38
Wray & Company, J. G 55

(For classified list of Advertisers see pages 56. 58 and 60.)
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PREVENTION-that,
in a word,

is the function of U-RE-LITE-
the modern, dependable I -T-E Cir-
cuit Breaker IN THE STEEL
BOX. No fuses, safety switches, or
overload relays are needed where
U RE- LITE protects. Personal
supervision, repairs, delays, and
upkeep costs are negligible with
U-RE-LITE- the protection that
is absolute.

Wherever motors are used there
is real need for U-RE-LITE. Power
plants, industrial plants, railway
shops, office buildings, hotels, clubs

. all use U-RE-LITE.
Remember -U-RE-LITE for pre-

vention, protection, and personal
safety.

THE CUTTER COMPANY
Established 1885 - Philadelphia

1829 Hamilton Sire, t

CUTTE
U -RE - LITE -er I -T -E CIRCUIT BREAKERS

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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MURRAY
ELECTRICAL PROTECTIVEDEVICES

CONDUIT SYSTEMS providing the
ideal conduit for subway distribu-
tion,-monolithic concrete duct.

OIL FILLED HIGH TENSION CABLE
JOINTS offering safe and reliable
splicing between underground
cables.

CURRENT LIMITING REACTORS used
in largest generating and distribu-
tion systems to protect the equip-
ment during short circuit stresses.

SUBWAY SECTIONALIZING UNITS for
connecting sub -feeders, tie -lines
and service taps to underground
distribution systems.

METER SERVICE SWITCHES accessible
or sealed main fuses, with or with-
out accessible branch fuses.

Also PADLOCK METER SEALS, DUMMY
PLUGS, CABLE RACKS both overhead and
underground, FAIRLEADERS, PRIMARY
SWITCH TYPE CUTOUTS, METER CON-
NECTION TEST BLOCKS.

Write for Catalog - Now!

METROPOLITAN
DEVICE CORPORATION

1250 Atlantic Avenue
Brooklyn, New York

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



" Organized to meet a great Necessity "

THE OKONITE - CALLENDER CABLE CO., INC.

GENERATION
TRANSMISSION

DISTRIBUTION

Okonite
Products
OKONITE
INSULATED
WIRES AND
CABLES

VARNISHED
CAMBRIC
CABLES

Oh ON IT E
INSULATING
TAPE
MANSON &
DUNDEE
FRICTION
TAPES

OKONITE
CEMENT

OKOCORD

OKOLOOM

Okonite-
Callender
Products
IMPREGNATED
PAPER
CABLES

SUPER -
TENSION
CABLES

SPLICING
MATERIALS

These three main divisions of an elec-

tric light and power system must grow

in relative capacity if general expansion

is to be maintained.
The most acute situations today are

encountered in the distribution and

transmission plants, particularly in the

providing of additional circuits in cities

and other congested localities where the

rapid and enormous load growths have

brought about vastly changed condi-

tions, and where, for various reasons,

more overhead lines cannot be built.

Plainly, the facilities needed are re-

liable underground cables-cables of

lower voltages for distribution and of

higher voltages for transmission.

Cable manuf,l_turers abroad, im-

pelled by earlier needs, have for some

time made super-tension cable of volt-

ages which are now being introduced in

American practice.
In this country it is only recently that

attention has been generally attracted to

the need of a supply of reliable super -

tension cable.

THE OKONITE COMPANY,

since 1878 makers of the highest grades

of rubber insulated and varnished cam-

bric insulated wires and cables, foresee-

ing this great necessity, organized THE

OKONITE - CALLENDER CABLE

COMPANY, INC., to manufacture

Impregnated Paper Cables and arranged

to use the secret processes so successfully

employed by Callender's Cable and

Construction Company, Ltd., of Eng-

land, for the past thirty-five years. To

these have been added such features as

careful research has shown necessary to

meet local conditions.

"CALLENDER" Cables are world-

famous. They have been installed in all

parts of the globe under the most rigor-

ous and varied climatic and operating

conditions, and their performance record

has been a continuously satisfactory

one.

THE OKONITE - CALLENDER

CABLE COMPANY, INC., has a

large and completely equipped plant at

Paterson, New Jersey, which is now in

active production and is furnishing

Impregnated Paper Cable of the highest

grade made under the supervision of

Callender experts, and by processes that

scientifically control impregnation of

the insulation.

This is the only cable company in

the United States devoted exclusively to

the manufacture of Impregnated Paper

Cable.

Inquiries are solicited, and customers are reminded that the Company's

laboratories and engineering staff are always at their disposal

The Okonite Company

The Okonite - Callender Cable Company, Inc.

FACTORIES: PASSAIC, N. J. PATERSON, N. J.

SALES OFFICES: NEW YORK CHICAGO - PITTSBURGH
ST. LOUIS - ATLANTA

BIRMINGHAM SAN FRANCISCO
LOS ANGELES

SEATTLE

Pettingell-Andrews Co., Boston, Mass. F. D. Lawrence Electric Co., Cincinnati, 0.

Novelty Electric Co., Philadelphia, Pa.

Canadian Representatives: Engineering Materials Limited, Montreal

Cuban Representatives: Victor G. Mendoza Co., Havana



BELDEN
MANUFACTURING COMPANY

Turns Per Square Inch
Table D

B. & S. BeId-

enamel
Single

Cotton
Double

Cotton
Single
Silk

Double
Silk

Cot-

enamel
Silk -

enamel
8 57 53 48

529 72 66 59
6410 W 84 76

II 113 104 93
10012 141 129 114
12411 177 160 140
151

14 221 198 171 .. ..... 187IS 277 245 208
23016 348 312 260 351 327 289 326

17 437 383 316 437 403 338 40818 348 472 378 348 503 438 SOS19 681 581 453 682 619
622

20 852 712 543 848 761 644 76921 1065 868 650 1053 935 780 94622 1340 1128 865 1315 1130 1708 1173
23 1665 1370 1030 1620 1400 1220 144024 2100 1663 1215 2010 1705 1475 177525 2630 2020 1420 2470 2070 1790 2180
26 3320 2445 1690 3005 2510 2155 268027 4145 2925 1945 3680 1010 2590 327528 5250 3500 2250 4600 3620 3100 4030
29 6510 4120 2560 5530 4270 3660 486330 8175 4900 2930 6810 5100 4320 389031 10200 5770 3330 8260 6010 5120 7170
32 12650 6700 3720 9870 6990 5960 856033 16200 7780 4140 11850 8160 7020 1040034 19950 9010 4595 14230 9480 8060 12200
35 23000 10300 5070 16800 .10870 9200 14300
36 31700 11750 5530 19850 12430 10550 1730037 39600 13250 6045 23300 14100 12000 20400
38 49100 14900 6510 27300 15960 13400 2360039 62600 16600 6933 31700 17830 13150 2783040 77600 18400 7430 36700 19900 16730 32000

MoreTurns in LessSpace
Beldenamel, Cotenamel and Silkenamel Wiresare solving many difficult winding problems.

FOR motor rewinding,Cot-enamel requires less spacethan double cotton -covered
wire. Taking No. 18 wire, forexample, 438 turns of Cotenamel
can be wound in the same space as378 turns of double cotton -cov-ered wire. Many difficultrewindingjobs are made easy by using Cot-enamel to replace double cotton -covered wire, and the insulatingqualities ofCotenamel also are su-perior.

For high tension apparatus, Silk -enamel isa great improvementoverdouble silk-covered wire and youcan wind more turns in less space.

AN UFACTURERS of
electric motors, trans-formers, magnetic switches

and otherequipment providedwith coil windings should in-vestigate the advantages of
magnet wire with Beldenamelinsulation.
For many types of windings, Beld-enamel wire,is superior to textilecovered wire. In addition to thespace economy, indicated by thewire table, Beldenamel provides ahigher factor of safety in insula-tion and an added protection

againstbreakdown from moisture.
Send for interesting booklet on Beldenamel Wires

USE THE COUPON
Belden Manufacturing Company2316B So. Western Ave., Chicago
Please send us your booklet on BeldenamelWire including winding data.
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