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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. 1. 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
wernt 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.
Heis 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 MecGill University,
and the University of Pennsylvania he has received
the degree of Doctor of Laws.

NOTES AND COMMENTS

Journal A, 1. K. I.

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 ol-
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
1t 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.
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The Quality Rating of High-Tension Cable

With Impregnated Paper Insulation

BY D. W. ROPER! and

Tellow, 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 faulls that were more sertous than high
diclectric loss. Some cables have been very deficient in duelectric
strength and others have developed a new type of trouble which has
been termed “‘“iomization;”’ after a comparatively short time, the
operating voltage of such cable had to be materially reduced or the
cahle 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 spectfica-
tions. Occasionally a lot of cable which passes these lests by a
narrow margin will be shipped by a manufacturer and, in

HERMAN HALPERIN!

Associate, A. 1. E. E.

such cases, the service record of the cable s 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 inspeclion and
tests made on the cable before shipment. (d) Accelerated life tests on
long samples of cable having a wide range in qualily.

The results of these investigalions 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 salisfactory high lension
cable with impregnated paper insulation.

* % ok ok ok ko Ok

INTRODUCTION

FTER the first few years of experience with
A 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
negligible.

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 Q;hickness, for the purpose of reducing cost and
increasing line capacities, and (hus increased the
dielectric stresses.

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

Presented at the Regionol Meeting of the A. I. E. K., Madison,
Wis., May 6-7, 1926.  Complele 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 asrated voltagein 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 dififerent. 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, manufacturer, or
operating company; several cases of such trouble have
occurred within the year immediately preceding the
presentation of this paper, High-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

ROPER AND UHALPERIN QUALITY RATING OF IHJGI-TENSION CABLES

Journai A. 1 E. B,

manufacturers, the responsibility of devising tests to be
made upon the cable at the factory before shipment,
to permit of a determination as to whether 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 determining 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 1

QUALITY RATING OF 500.000-CIR. MIL, THREE-CONDUCTOR. 13,000-VOLT CABLE

Limits between which values
were proportioned
[tem Base |- — { Values for
No. { Weight Zero Weight [ Full Weight i Various Manufacturers
Manufacturer A : B C | m 1 D
Year Made 1925 1925 1925 | 1922 1925-6
A— Results of dissections and ‘ -
visual examinations |
1 Workmanship on copper ... .. ... 4 Serious imperfections No imperfections 20 | 3.0 l 2.8 30 4.0
2. Workmanshipontead. .. ... .. . 2 Serious imperfections No imperfections ’ 20 20 20 20 2.0
- Workmanship on insulation and | , |
fillers........ ... ... ... ... 8 | Serious imperfections No imperfections 7.5 6.5 6.0 6.0 50
4. Thoroughness of imprgenation. . . 8 Poor throughout | Perfect throughout 7.0 7.0 4 [ 1.0 7.0
5 Tearing in bending tests. . ... .. .. 4 | 2 adjacent tapes at one '
point; 3 vorn tapes per ' I
foot of cable | No tears 36 | 39 | 40| 20| 10
B—Results  of factory and I
laboratory tests on insulation |
6 Ratio of max. to min. insulation |
resistance—forlots. ... ... ... 6 { 3.0} { 1.3 } 4.6 43 | 1.0 8.4 1.4
—for sections. . . b | 1.5 1.075 | |
Ta Dielectric loss at 80 deg. cent,
watts perfoot. ... ... .. ... ... . 4 0.75% 0 075% 3.6 ' 2.4 3.2 , 2,2 1.8
8. Increase in power factor at room
temperature from 20 to 100 { | |
volts per mil of insulation. ... ... 8 | 0.02 0 00 3.2 | o6 0.2 0.0 2.2
9. Puncture voltage on straight ! ! l
SANTRIES EE 5 = o » bwr i o A 17 74.5 119.0 8.2 9.0 40 1.7 15.9
10. | Puncture voltage on cold bent i I [
samples. kv. . .. .. ... ... ... 18 i 65.0 104 .0 | 212 22 .6 83| - 88| 263
11. Ratio of item 10 to item 9.. .. . .. 8 0.75 1.0 80 | 8o 74| - 29 8.0
C—General | | | |
12 Uniformity of insulation. ... ... .. 13 Serious variations in qual- | Reasonably unjform i 11.0 11.0 6.0 7.0 11.0
ity of insulation quality |
Total, Examination. . ... . ... .. i 26 | 22 .1 22 .4 18.5 14 0 19.0
| Total, Tests.......... ... .... 61 ] 48 8 | 46.9 22 1 | 19.6 58 1
Total, General. ... ... ... ... .. 13 110 110 60 7.0 11 0
| Girand Total ... 100 | i 819 80 3 16.6 1.4 881

*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-conductor 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 ¢ to 10, inclusive, were hased on the averages of the
boorest 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 w eight, and extra weight was given
when the resuits were better than required for full weight. In ltems
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: Atlecast 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

Limits between which values
were proportioned
Item Base Values for
No. Weight Zero Weight Full Weight Various Manufacturers
Manufacturer M N 0 p Q M!
Year made 1925 | 1924 | 1924 | 1924 | 1924 | 1923
A— Results of dissections and visual
examinations
) = Workmanship on copper. ............ 3 Serious imperfections No imperfections 27! 3.0 2.3 2.6 2.5 2.0
2. Workmanshiponlead. .............. 2 Serious imperfections No imperfections 2.0 2.0 2.0 2.0 2.0 2.0
3. Workmanship on insulation and fillers 8 Serious imperfections No imperfections 7.0 7.5 3.5 3.0 5.0 1.5
e ' 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 cableu wqs dwuwailud 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—forlots............... 6 {3.0} 1.30 60| 48| 59| 53| 0.3 |—-4.8
' —for sections............ 1.5 1.075)
T Dielectric loss at 80 deg. cent.-watts
perfoot, .. .casvsimnsassescrmme o 7 2.1% 0.35* 3.7 2.0 0.0 6.0 6.2 0.1
8. |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, |
J0W b blosimss BTAETT & o w v oo 5 = e P 89 17 160 256 17.7 16.3 7.1 2.3 |-1.8|—-1.8
10. Puncture voltage on cold bent sam- |
Ples, V. oo 17 140 224 202 | 12.1 [ 12.1 | 10.1 [-2.0 | —3.4
11. Ratio of item 10 toitem 9. .......... 8 0.75 1.0 5.6 | 1. 8.0 8.0 3.8 2.2
C—General | i
12. Uniformity of insulation............ 13 Serious variations in | Reasonably uniform I 11.0 | 12.0 12.0 6.0 | 10.0 5.0
[ quality of insulation quality |
Total, Examination............... 24 21.6 1 20.0 | 15.3 | 14.6 | 17.5 | 11.0
I Total, Tests; s s vus slogsiasas § Faue 63 56.5 | 37.0 | 33.1 | 32.1 6.5 |—-7.7
Total, General...........coivinnn 13 11.0 { 12.0 | 12.0 6.0 | 10.0 5.0
Grand Total. . e jséws sssaaerantsi 100 9.1 | 60.01 60.4152.7| 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 A 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 requirements 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-VoOLTAGE TESTS

For many years it had been noted that the high-
voltage tests which the cables actually wittstood when
tested at the factory were very much higher than the
specification requirements. It had also been noted
ina 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 hjgher 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
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further tests. Usually three to seven tests were ob-
tained on each original section of cable.

Several test voltage procedures were tried hut 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 ecable. 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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Puncture voltage on cold bent sample
Puncture voltage on straight sample

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 heing applied more smoothly and evenly,
the number of torn tapes in the bending test consider-
ably reduced, and the impregnation improved. The
extent to whieh 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
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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. 8 and 4 show the variation of the power factor
of the dielectric with the insulation resistance as ob-
tained from 80 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,
thedielectricloss at 80 deg. cent is used for comparison,
although for 35-kv. cable it is realized that this is
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500,000-cir. mil, three-conductor, 13-kv. cable made in 1925
Note: The letters used designate the same manufacturer throughout the
paper except for Table IT and Fig. 12

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 condition’s to be predetermined.

The 'manufacturers are now f{urnishing cable for
voltages up to about 20-kv. with insulation of such
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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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Cables have 18/64 in. insulation between conductors and 14/64 in. insulation between each conductor and sheath

Power factor of dielectric is value obtained at room temperature on each section of cable at 100 volts per mil of insulation thickness.

Insulation

resistance is average for value for three-conductors obtained by the standard method with direct current
Data are shown for 30 consecutive sections of cable from makers C and A and for two lots of 30 consecutive sections, each presented several months

apart, by maker B.

the dielectric on the permissible current loading of
cables is indicated by the fact that if the power factor
1s 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.

“JONIZATION” 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,
1s 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 increases of one and two per cent for, respectively,

single-conductor and three-conductor cables indicates
satisfactory impregnation. Probably each statement
1s correct as applied to the particular combination of
paper and impregnating compound in the cable from

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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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 WAXY FLAKE

Fie. 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.

Fig. 8—MagNirFIcaTION (7) DIAMETERS or WaAXxY FLAKE

Removed from space between adjacent turns of tapes of conductor
insulation of same cable asin Fig. 7

STRIF OF WAX

PAPER TAPE
9—PuoromicrogrAaPHIC CUT OF (7) DIAMETER
MAGNIFICATION SHOWING STRIP OF WAX

Fra.

Along cdge of a tape of the conductor insulation of cable imprognated
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 hrown spots in the paper

¢. 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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Typical test results on samples of cables that have proved unsatis-
factory in service: b
GO Diclectric-strength tests at factory
X High-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 deseribed
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 SR 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, considerakle 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
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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
iIn 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 tabies.
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
wealcest 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 passed, 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.

Hort SpoTs

Further evidence of the non-uniformity of the 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. Farmer? 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 aswell 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 vears 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.
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service, and this indication is confirmed Dy experience.
In the tests at the factory for cable B’, the dielectrie-
strength tests were passed by a narrow margin, and
there was a high percentuge 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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Tests which were at 46 kv. and higher were evaluated for 46 kv., which
results in a maximum dielectric stress of about 72 kv. per cm.

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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Tests were at 127 kv., which results in a maximum dielectric stress of
approximately 125 kv. per cm.

service. Cable (' 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

HOVER AND TIALPERIN: QUALITY RATING OF HIGH-TENSION CABLRE

Jou;uull\ b K. B

have had no failures in serviee. The quality of thes
cables appeared so high that lengths of about 800 ft
each were installed on 25-eyele, 20-kv. lines Jast fall in
order to verify the quality rating as determined from
the table, No failures on these test Jengths have
occurred to date.

Table IT is a rating similar to Table | for typical
examples of several different grades of 85-kv. cable
which have been received to date. Kig. 12 shows
the relition between these quality ratings and the
accelergted life test results. Several of the cabl
represanted 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 thateventhebestcablesin Tables I and I1
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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Behavior
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I. INTRODUCTION

F 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 he allowed, resulting further in increased size and
cost, and in undesirable magnitudes of othdr proper-
ties, such as dielectrie loss and phase difference, volume
and surface conductivity, circuit capacity and con-
ductance, ete. 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 Klectrical Tngineering, Johns Hopkins
University, Baltimore, Md

Presented at the Midwinter Convention of the A. I. I. ., New
York, N. Y., February 8-11, 1920. 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
dielectriecs 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 QUTLINE

Dielectric theory may be said to have had its origin
in the work of Cavendish? (1773).  Although looking
for different values of induced charges amongst various
substances, and not apparently noting the distinction
between conductors and dielectries, 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 medium of 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 1t 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.
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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 hy 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.

ITI. DIELECTRIC ABSORPTION AND RELATED

PHENOMENA

We may conveniently describe the phenomenon of
dielectric absorption, and other allied properties of
dielectries 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 dielectries 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, 15, added to the
charging current 1, ().

Drelectric  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 1, (),
a conduction current, ¢,, which may or may not obey
Ohm’s law, and a slowly decaying “anomalous,”
or “absorption,” or ‘“residual” current, 7,' (¢). If this
current, ;' (¢), is all of “reversible” type as is usually
the case in solid dielectries, it builds up the stored or

t
residual charge, Q, = / ¢ (t) .dt, which after the
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,

4
Q.= S 42 (t)dt, if the condenser is short-circuited.
0

In such cases (1. e., if Q, = Q1), 11 (t) will be called the
“reversible absorption current.” In liquid dielectrics
there is also a steadily decreasing residual current
! (¢), 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 7! (f). In such cases
0! (¢), will be called the “‘irreversible” absorption
current,

The Reversible Absorption Current.

This is the
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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 ¢. e., in equation (2)
i () = is' (). 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:

’ill (t) =qat™" (3)
Others have found that the following formulas express
their observations more closely:

By J. Curie, Malcles, Wagner, Steinmetz:

il () = ae® (4)

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

W) =T (%)

By Trouton and Russ:

1l (t) = +c (6)

a
b+t
By Fleming and Dyke, Thornton:
W) =ae” +c (7)
General Formule. 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 bhe quite large; e. ¢., ebonite (Gaugain,
Malclés). Generally, therefore, we may write:

W) =B.CEy,= ¢ () (8)
in which B 1s a constant and ¢ (f) a definite function

for the material of the dielectric, and C the geometric
capacily proportional to the area and inversely as the
thickness.

Temperature has a marked influence on the ahsorption
current. There is universal agreement, that tempera-
ture increases both the currents 4,' (t) and 1, (1), as
well ag 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 ¢ = 0, the voltage E,
is applied, and then at times t,, ts, {5, ete., any positive
or negative changes of voltages A, E, A, E, Ay E are
applied then we have as the value of 7, at any instant {.
31 (t) =BC[Eso () + ME.@(t—t)

+ ME.o(t—t) + . . ] (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 (1,! = — %,!) 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 (), the
reversible absorption current is given by:

d
ill(t)=BC'f_d1-1, Ew)).ot—uydu (10)

in which ¢ is the instant at which ;! (¢) 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.

1V. THEORIES OF DIELECTRIC PHENOMENA

Theories of Dielectric Absorption. KEver 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
viseous yielding of the dielectrie, 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, ete. It is impossible within a limited
space to give a complete view of all these theories.
Tt appears hest, 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 the
older theory. There 1s, however, one conspicuous
Instance, that of Mazxwell, in which the fundamental
equations are taken as a basis. We may, therefore,
select two of our groups in accordance with these two
views, 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
1s 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 proporticnal 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 1n bulk or in capillary filaments.

GRrouP 1

Mazwell. Allstudents of dielectric theory are familiar
with Maxwell’s treatment of absorption. Hestartswith
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 a,, a., 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
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appear to be homogeneous. Considering unit cross
section, let X, X, etc., be the electric intensities in the
several strata, f,, f,, ete., the displacements, ,, ks, ete.,
the reciprocals of the specific inductive capacities,
T1, 72, ete., the specific resistances, p,, p., ete., the con-
duction currents, and we have at any instant:

X
pr= T (11)
—_ Xl 1
o= T (12)
and
X, 1 d X,
b= Y irk  di (13)

in which « 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 X,

X,, X ete. From equations (13) the X’s may be
evaluated as similar functions of %, in terms of the differ-
ent values of r and k, and so an expression may be had
for w in terms of E, 1. e., the charging current of the
condenser as function of E, the constants of the material
and the time ¢. 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, ¢ being the independ-
ent variable. He also shows that if the ratio ik
1s constant for all layers the case reduces to that of a
homogeneous dielectric.

Experimental evidence in favor of Maxwell’s theory
1s 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 14
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 T.

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
lonic 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 e'ectric 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:
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Dty =—5—E® (19)
the second part D” (¢) is assumed to obey the equation
d D" (t) y
—aq7 ~—«lD'(=)=D" ()]
K
=a[n4—7rE(t)—D"(t)] (20)

that is that D” tends to a final value D ( « ), proportional

to E, and the rate of change of D" is always proportional

to its difference from the final value. Pellat calls

D! 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 E, and ¢ > 0 we have:

RE
D) =n—g— (1— e (21)

. d D’ (t) K

W) =—F;  =an - Ee* (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 (f), re-
membering the principle of superposition

o K
D’ (t) =e—°"J‘an4—E(u) e~ . du  (23)
0 ™
_I_(__ wE _aw d
—an47roj' (t— w)e dw
and so:

K K v
D (t) =74—7rE(t)+anE{E(t—w)e—“°’.dw(24)

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
¢ (w) is proportional to e~*¢.

The simplicity of Pellat’s assumption as to the varia-
tion of the displacement, and the 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. Inorder 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-
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vations. The quantities studied were changes in
capacity and phase differ nee, with frequeney and
temperature. It is to be noted, however, that Grover
did 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 a
number of terms and of studying their grouping,
It appears certain that ap equally good agreement would
have been obtained from Wagner's equations. In
fact, 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 ¢ (¢) 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 1deas.

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-electrie
effects); capillary deformations, shock, cleavage, ete.,
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 dielectrie 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
= —— 25
Q=" +P (25)
@ being the total charge, and P the “polarization.”
P, he assumes to be due to electron displacement and
it therefore obeys-Lorenz’s equation:

2
d

E being the electric intensity and a, b, and ¢ 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

dP
E =a +bP+cW (26)

E=bP+ ol
c
dt (27)
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e shows that (27) obeys the prin: iple of superposi
tion, and also that it is satisfied by a value of alternating
polarization computed from oseillograms taken by
Hochstadter on high-tension eables.  He shows further
that Maxwell's equations as extended by Hess, when
applied to the alternating ease 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

. - dPpP
of the polarization current ( 41

), and a loss per
period independent of the frequency, as shown experi-
mentally by Steinmetz, Hochstadter and others, The
general conelusion is that all residual effects are due to

d
the term ¢ , representing a frictional force (electric

dt
within the atom, 1. 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.

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 (4. 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 prineiple 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

GRroup 4.
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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 z = ¢° ** ** for the
conductivity of glass, a being the thickness and X the
field intensity; <. e., the conductivity increases with the
field strength. Gunther-Schulze sees in this an evi-
dence of ionic conductivity and ionization by collision
asin 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-
hility 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) 4! () = a t~". 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
(Labben). 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 ¢, and
the conduction current, ¢, in a fibrous dielectric contain-
ing moisture:

r = \/‘ET'gz.(/oEm}i=7;0tp

E, being the voltage and A, ¢, m, 7, 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

(28)
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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 1s
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, alsofailed 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
papersdatingfrom1913. He assumes thesimplest possi-
ble case of a two-layer Maxwell dielectric, and further
that 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. {’s. on
the 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:

k
K w =K[1+~~“]

1+ w27 (30)
tan§ = % cE
ano =k G5 o T (31)

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 7 1.

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 6 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 = E,sin w¢, flowing in a
condenser circuit may be expressed

t=(t) =asinwt+ beos wt; (33)
further by the principle of superposition, see formula
(10), the anomalous charging current is:
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Lty dE
z'(z):ﬁCj_'( —diﬂ)go(l-—u)du (34)

¢ being the instant at which the current is considered,
and u the elapsed time since the application of k.
Equating the two values of ¢ (1), 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 helween the
measured and computed losses and currents, the per
cent differences for the former in the six cases being
3.8,4.1, — 04,1.6,13.8 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 =14+ 47k),

: d
I=kE'(t)—l—_‘/'k(EE(u))go(t—u)du (35)

For a closed cycle, the loss per cycle, w, is:
=S EdI=—- fIdE (36)
Substituting £ = E, sin w ¢, and introducing two new
constants « and § whose values are determined by the
integral in (35);
I=KE(,[sinwt+asin(wt—6)] (37)
This is the equation of an ellipse between I and E,, a
result independent of the form- of @ (). Such ellipses

have been shown experimentally by Granier. (See
below).
Further, from (36) and 37)
w=mkaFEsing (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 @ (t), which is
contained in 8. If ¢ (f) = me™ (Maxwell, Curie, et
al), and if » is small as usually observed, the loss per
cycle becomes

W 2k womEy 2kmFEy o0
w4 n w (39)
and the total loss
kmE.?
W= — (40)
m

that is the loss per cycle is inversely proportional to the
frequency, and the tota] loss independent of the fre-
quency. Asindicated 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 arenotinentire 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 hetween 20 and 60 cycles. H. J. MaecLeod
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 ohservers 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 eycles per second, and higher. This
means that within the commercial range and far he-
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 empirieal 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, 7. e., the factor
multiplying ¢, 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. ¢., 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 it 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 due to anomalous relation hetween electric dis-
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placement and electric force, the seat of which is within
the molecule or atom, Pellat, (¢) That it may be
explained by Lorenz’s theory of electron motion with-
in the structure of the atom. Décombe. (d) That
it is due to water in capillaries or interstices in the body
of the dielectrie.

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 extension
to 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

ERRORS OF THE QUADRANT ELECTROMETER

Journal A. Y. £. K.

of the phenomenon of absorption. Thoroughgoing and
careful efforts to test Maxwell’s theory have heen 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 conduetion 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:

Associate, A, 1. E, E.

Synopsis;—In a previous paper, the writers developed the equa-
ttons for the main errors in the quadrant electrometer for the measure-
ment of power faclor, 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

and
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error are described.  Melhods 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 lo the charging current in the needle circuil is belicved to
be new; the method is described herein, the equation is derived in Sull,
and an experimenlal check is given of the accuracy of the equation.

I. INTRODUCTION

N a previous paper?, 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, = Charging current flowing from the needle to
the high quadrant
I, = Charging current flowing from the needle to
the low quadrant
T = 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.1.E.E., 1924, p. 311.

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

Ts = Resistance inserted in the needle cireuit in the
zero method, 7. e., the potential resistance

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

C: = Capacity in the needle circuit

cos @ = Power factor of the load
cos ¢ = Power factor of the circuit in which | » flows

n = Ratio of the transformer voltage to the needle
voltage

f = Frequency

w =2xf

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, C;

Considerable errors may develop in the measurement
of power factor if a large part of the reading is due to
capacity to ground, C,. 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
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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
Specimgn
é Load
E |
E =
- i b
E if
5 Electrometer Key
e
Ground G,
Auxiliary
Resistance

Fig. 1—DiacraM oF CoNNECTIONS FOR COMPENSATION FOR
CaraciTY TOo GrounNpD 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 7, C; 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 C, is
entirely eliminated.

11I. NEUTRALIZATION OF THE NEEDLE CHARGING

CURRENT, I,

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 C; and a
variable resistance r; are inserted in parallel between
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the low quadrant and ground. The procedure follows:

1. Connect the low-voltage electrode of the test
specimen to the high quadrant, leaving the high-voltage
electrode floating, a convenient quadrant resistance 7,
being inserted as usual. An equal resistance, r; is then
inserted between the low quadrant and ground and

sufficient capacity Cyis cut in unti] the instrument reads
Zero.

2. Apply high voltage to the specimen. Inasmuch
as during the previous balance the total capacity to
ground of the high quadrant was higher by C,, (see
Section 6 of first paper), this amount of capacity must
be deducted from C.. The deflection is now brought
back to zero by the potential resistance r, as usual (or
a deflection taken), and the power factor may be ob-
tained by the following formula:

n—-2 Ir
2 o E +7‘1qu

cosd +r,C, w—

= Ty C2 w (1)

L

Ground 1

Fig. 2—DiaGram oF CONNECTIONS FOR NEUTRALIZATION OF Ih

in which Cq is the capacity between the high and low
quadrants themselves, and C is as usual the capacity to
ground of the high quadrant and all connected parts,
when the low quadrant is grounded. C,, therefore,
includes Cq. C,is in most cases abselutely 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 I,
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 I,
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
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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 I,

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 are
all so large or small that thejr sines or cosines, as the
case may be, are equal tounity. An additional reason
for 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. A4 N is the load voltage, the load
current being the vector of reference. Angle X AN =
angle A N M = cos ¥, the load power factor. B is the
grounded point. The potential resistance, r, in Figs.
1 and 2 is connected to the transformer at any point, 7.

In these first two figures r, and C, are as usual the
quadrant resistance and the unavoidable shunting
capacity and 7, and C, are as usual in the potential
circuit. It will be assumed that a resistance r;, shunted
by a capacity C;, has been inserted between the ‘“‘low
quadrant” (the one usually grounded) and ground, no
assumptions being made as to their present values.
Let I, and I, be the charging currents from the needle
to both the high and low quadrant respectively, and
let cos ¢ and cos ¢’ be the power factors of these two
currents respectively, as referred to the voltage between
needle and quadrant.

Returning to Fig. 8, NJ’ is the resultant voltage
across the quadrants to be mentioned later. O is the
midpoint of the transformer high-voltage winding,
and T is the point at E/n to which 7, is connected.
T R is the voltage drop across 75, and R D, perpendicu-
lar to it is the effective needle voltage—assuming that

e et
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C, 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 (C; = 0) the drop
across the quadrant resistance r; due to the load current
I would be in the direction N I, parallel to A X. Due
to the capacity C,, the drop lags by an angle « and may
be represented by NJ. R N is the voltage between
the needle and the high quadrant, angle ¢ being angle
RN H. The direction of I, is therefore NL, HN L
being a straight line. The drop across the quadrants
due to I, lags behind this by the same angle «, and
therefore the drop due to this current is N E. Sup-

Fig. 3—VEcTorR DIAGRAM FOR THE NEUTRALIZATION OF Ip

posing r; and C; to still be zero, the drop across the
quadrants is N B, the vector sum of NJ and N E.
If resistance and capacity are now added between the
low quadrant and ground, namely r; and C;, the dia-
gram changes. R J’is the voltage between the needle
and low quadrant, angle R.J’ H' is angle ¢/, and J’ G
is the direction of I, the charging current to the low
quadrant. The drop across the resistance r; due to
I, lags behind this by an angle o’ (not equal to «,
unless 7, = 75, and C, = C;). The total quadrant
voltage due to I and I, inry, and I,in r; is the resultant
of N B and B.J’, or is equal to N .J’ as stated above,
making the angle o’ with N J.

The condition of zero deflection of the instrument is
that the voltage across the quadrantsshall beperpendic-
ular to the voltage from the needle to the midpoint
of the quadrants, 7. e., I I) 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 O’ It is perpendicular to R D.

Take S as the midpoint of N B, and draw D S, which
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will equal one-half of J’ B. Draw O S, cutting T R
produced in 7. Draw D O’ parallel to O S.

OB =E/2
TB =E/n
Therefore,
n— 2 B
OT =0B—-—TB = >
Therefore,
or n-2 T T
OB  =«»n  SB
Now,
I +1
SB=NB/2 = (—+2"—)“ Gf cos BJC and cos
B N C are taken as unity)
Therefore,
, -2 (I+1
ppot=2 UHn 2)
n 2
Now,
TR =r, times current 1in potential circuit
E Tq C2 w
———= 3)

(Since the potential voltage T to D may be confused
with T' B or E /n in scalar value)
Now,

Ir,
5 (4)

O'T =DS =J"B/2 =

(O’ D and O S are parallel by construction, and in the
actual diagram D S and O’ T’ are practically parallel)
Angle O’ DR = 90deg. — ¢ + a + o’ (5)
(This may be seen by drawing a line D Z from D
perpendicular to N I. O S is parallel to A N because
O and S are the midpoints of A B and N B by con-
struction, and D O’, drawn parallel to O S, is also
parallel to A N. Angle O’ D Z, therefore, = 90 deg.
— ¢. DR is perpendicular to NJ’, and DZ to NI
by construction. Therefore, angle ZD K = a + a’).
N O'R OT +T'T+TR
SinO’'DR = oD — E/n
Substituting, (2), (3), (4), and (5) in (6), we obtain
sin (90 — ¢ + a + a’) = cos ¢ + sin a + sin a’

nlr n—2 I+1)r
2Ei_+ _’2——'_—147—-{—”02“’ (N

(6)

sin @ = r, C; w, and therefore only sin &’ remains to
be determined.
An auxiliary angle v will be introduced.
RN.' = angle N.J'R.
cc’ CB 4 BC

gin o = = = e .

NB

v = angle

(NB = NC" if cos
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B N C’isunityand ' B C is practically a straight line)
JBsinCJB + J'Bsin C'J'B
NB

But NB = (I + L)1, JB = I,r, and J'B — I, 7,

Angle C J B=angle C N E =180 deg.—y— v+a+a’

Angle C'J'B = angle RJ'C’ — angle RJ'B =

(180_ ¢I + al/) — wl_ ,)/__ all

Therefore,

sin o/ =

Iy, sin(180— y— Y+ata')+1,rssin(y’— y—a') -
T +1Inn ®)

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

. I, Iyry+ I,7s
Sin o’ = i COS"[/+T cos vy
L. I, 7, y I, rs . ” 9
- 7 smoz—IT1 cosl//—Ir1 sin « (9)

Since ¢ and ¢’ are circuit constants, and sin «
=7C; w, and sin @’ = r,C; w, the only unknown is
the auxiliary angle v, which must be evaluated.

From the figure,

N D
cos vy = PN =

(I, + Iyr, — 117'3)/2
E/n

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

(10)

I I
cos¢+(1+—1h—)r101w+—licos\/x

-2 (I I I, r
_ nz E +E h)T1=Tzczw+IrlacOSI,//'
1,7, n(IInr2+I2r2— 1212

+ Ir, '8Ys@— 2E I, (1)

This is the general equation for cos ¢ 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 I, as described in Section 3 of this paper, the
first step was to insert r; between low quadrant and
ground, making r; = r;. Thus r; is then shunted by
C; until the electrometer reads zero, the high-voltage
electrode of the Ioad 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 s.ide
must, therefore, be equal. Therefore, from equation
(3) of the previous article:

. 1,2 T
%Ihcosx// +-§—I,,TICI w + hz
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o5 K 127,
'_,,;—Il cos ¢’ + IirCyw + 2 (12)

Dividingby E I /n:

-_{"__ _IJL
I cos y -+ 7

T]('l w
I, I,

n(l2—1,2
.——I-cos¢’+Tr,('3w—|— —S—I———}-)L'—

2K 1
(13)
And, since r; = r,, (11) reduces to:
I}L Ih
COS¢+7‘16']CO+—I_'COSV/—FTT[CHCO
n— 2 (I—|—I,,)_rl C _I,_ )
— 2 . E =To0 w + I Cos ¥
I nr (I +12-1p)
gl ———p (14)

If (13) be subtracted from (14), the equation reduces
to equation (6) of the other article, except for a practi-
cally negligible term I, 7, /E.

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
C, and C, are the same in equations (13) and (14)
respectively and also that C, is as usual the total
capacity to ground of the needle and all connected
parts. This is true f 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 C¢ which will
be taken away is inversely proportional to the poten-
tial of the quadrants, or since equal resistances r; and
7; are used, inversely proportional to the currents
flowing in these resistances.

We will, therefore, define C. as the total capacity
between high quadrant and ground, when the low
quadrant is grounded, and C, as the total capacity
between low quadrant and ground, when the high
quadrant is grounded. C, will therefore be the same
as in all our other equations. The values of C,;and C;
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.

Journal AL T. T, 1.
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(13) becomes

I, I, I

e
I, , I, ) n(I,-—I;,)

== oSy +—7 (s PREESETT w

(15)
(14) becomes

cos ¢ +—IIh—cos¢/ - (1-}——1;—) T ( XEF A I,.C )w

—— . I
n=2 A4 don oD

2 E I
I, '(C I+ 1, ) nry (I + 12— 12)
LT SO T 2E I
(16)
If (15) be subtracted from (16) the following is obtained
n— 2 Ir, I,
cosp+1r,C, w——F5— = +rCow+ hE raCr w
(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 I, has been practically neutralized by our
method.

V. EXPERIMENTAL PROOF OF NEUTRALIZATION OF I,

As mentioned in Section 4, it was thought at first that
the method of neutralizing the effect of I, 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 I, had been neutralized would be smaller
than before, primarily due to the elimination of the

term —— r, C,

Instead of that, the

I however,

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 Section4. 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 3§ 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 1§ in.
Cq was calculated on the basis of 1§ 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 C¢ 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 I,.

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

1. Air condenser No. 2 alone with no compensation.
2. Air condenser No. 2 alone with I, neutralized.

3. Air condenser No. 2 with an additional condenser
of capacity C. shunted across the quadrants, no
compensation.

4. Air condenser No. 2 with the additional condenser
C . across the quadrants, I, neutralized.

By “with I, newlralized” 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 C,; 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 7, C; w

Reading To 7o Cy w
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.

I I
O+Thcos¢/+(1+—;—)r101w

I I.r
+(1+ I” =

=0.02950  (18)
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O0+7rCiow+rCiw4+ = 0.03113 (19)

E

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

0 I, (1 I, )
+ Fi cos ¥ + —i—*I 71 (C1 + Ca) w

I, I,r,
+(1+ =l o = 0.03988  (20)
I,r,
0+4+7(Ci+Ca) w47, (Co+Cr)w + 7 =0.05020 (21)
Subtracting equation (19) from equation (18):
/4 T I I,r
Ih cos¢+ThrlClw+ Ih ; hIl -1 Ciw
= — 0.000163 (22)
Subtracting (21) from (20)
I,

1
7 cos¢+Thr1(Cl+CA)w—rl(Cq—{—CA)w

I, I,7,
I ' E
Taking equation (23) from equation (22),

— — 0.01032 (23)

I
rnCro(1--7-) = 0.00969 (24)

Knowing that r, equals 100,000, I, equals 30 micro-
amperes, and I equals 0.568 milliamperes, and solving
for C.a, the following is obtained.
Ca =271 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

I
7 ) riCa w0 = 0.01038 (25)

(1+

From equation (25) we may calculate that C. = 2.61
X 10-1° farads.

In order to check further their accuracy the authors
sent the condenser C. to an outside electrical laboratory
whose measurements of the capacity were 2.53 X 10-10
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.

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 of permanent 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 Gompany
BY W. C. BLACKWOOD:

Member, A. I. E. E.

Synopsis.—This paper describes a unil type of distribution sub-
station which has been designed for a Metropolitan district. Al-
though of much lower capacily than other stalions on the same
system, its cost per kuv-a. is approximalely the same as the larger
stations. The station is unatlended and all operations are con-

trolled from a distant allended station. The cost of operalion
per unit of capacily is no grealer than for a much larger attended
station. Remote-control was adopted rather than automalic
operation because of the nalure of the load and territory served
where service with minimum inlerruption is demanded.

HE New York and Queens Electric Light and
T 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 he 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. 1. E. E.,
White Sulphur Springs, W. Va., June 21-25, 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 Maspéth To Jamaica
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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
operationsindicated at that station.

The first substation of this type was erected in Wood-
haven at a location about 214 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
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the Maspeth substation approximately 514 mj. away.

Referring to the wiring diagram, Fig. | will show
that 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

!_ Rear Yard

1 - \L .\\

=5
§ £ /" Battery Room || Tosel
-] §’L «
s o 4000 Volts --0.C. 8. Comp'ts
= § = =5 1 i | .tl_iﬁ
g 2| et 1 = {

H E g{_-—g;_{?ﬁ —_‘ _‘: ~

5 gE"‘ — e b A Phase’C”  Phase"B”  Phase”A’
\ﬂ:

= =" 3 4000 Volts -- Curr. & Pot. Tr. Comp'ts

SEE o 1

g L= T

| Y 2 | o/ R | comparteens

L) |

’«' 7 r

|

L 7~

’-(L, N [ Te.8k Tr./Bk TrlBk

cls N3 a2 N1

Il:* :% {

o

I Front Yard

”_Za_ E——

e t———r - —

PLAN

Fig. 3—PLAN OF WO0ODHAVEN 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
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the loop arrangement of feeders, this will cause no
interruption to service.

The bus and switch structures 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 control)ed
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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 [switch compartments, the grouping of all the
switches on one phase makes it unnecessary to install
three buses and avoids the usual connections from the

_—— Ly -

Fic. 5—PaxeL or JaMarca SuBsSTATION FOR WOODHAVEN
CoNTROL

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

Fic. 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.

Py " }f;.‘ by {
i ; ﬂ' iR L, _.r.S.L Eaty
Figa. 7—Surervisony Conrrol Revay CApiNgr AT Jamaica
SussrarioN For WoopnavieN CoNTROL

A one-kw. motor generator is provided to supply the 48
vglts, 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
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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 n
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under ground duects throughout, is ten pair No.19 R& S,
paper-insulated and lead-encased.

The Supervisory equipment controls 21 single-pole,
13,200-volt breakers and 12 single-pole, 4000-volt
breakers, 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 indication
at the Jamaica station.

It is also possible to read at Jamaica, the current
and voltage of each transformer in the Woodhaven
station and to operate the regulators from Jamaica to
equalize the voltage on the transformers when one is
being cut into service.

Fic. 10—Woobpnaven SussratioNn 4000-VorLr O Circurr
BREsKERS aAxD 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 service
and 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 W oodhaven, certain changes have
been made which are considered Improvements in the
design.

The Hollis station will have twice the capacity, or

Journal A, T, g, F

15,000 kv-a. supplied by two 7500-kv-a. transformers
with one 7500-kv-a. spare unit. The diagram of
connections is shown jn Fig. & [ach 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 feedors,

The arrangement of the bus and switch structures
shown in the plan Fig. 9, is slightly different and a con-
trol board has heen provided at the end of the 4000)-
volt bus structure on which are located the control
switches 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 above
the breakers as at Woodhaven but these panels have
been faced in the opposite direction so that access s
had from the top of the bus structure instead of from
ladders in the switeh aisle.

The supervisory control equipment is identical with
that used at Woodhaven and the control panel will be
placed alongside the Woodhaven panel in the Jamaica
substation.

The growth of load in the Borough of Queens is taking
place in a number of communities or centers some of
which 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-

I1—Woonnavex Stpsr sTioN, 13,200-Vort Oi1L Circuir
Breakgrs

Fic.

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 and
has not been depended upon entirely for the complete
operation of stations. Much more rehable equipment
is 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
1s demanded in metropolitan districts, is fully realized.
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Refraction of Short Radio Waves
| in the Upper Atmosphere

BY WILLIAM G. BAKER!
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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 eleciron refraction theory in which
the effect of the earth’s magnetic field and electron collisions may be
neglected as a first approzimation. 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 transmaission.

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

CHESTER W. RICE:

Associate, A. I. E. E.

and

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 thal
there will be @ 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

HORT-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 Hulburt! 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 heing supplied to an average

1. W.and E. Tlall 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. O. Hulburt, Q. S. 7', p. 12, OQet.
1925.

5. C.J. Young, Unpublished reports on Short-Wave Trans-
mission Tests by the General Electric Co. at Schenectady, N. Y.

6. See forexamplo 0. S. 7., 1924 and 1925.

Presented al the Midwinler Convention of the A. [. E. E., at
New York, N. Y., February 8-11, 1926. Copies of complele
paper available upon request.
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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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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

35
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Wave. 1f we now continue to greater distances the
signal remains out until we reach approximately 45()
miles where the day signal unexpectedly becomes strong
again. This is represented in the figure by crossing to
the right of the curve marked Minimum Range of Day
Sky Wave. Continuing to greater distances we find the
signal gradually falling off in intensity, reaching the
useful limit of 10 microvolts per meter in the vicinity of
4500 miles by day. This is represented in Fig. 1 by
passing to the right of the curve marked Maximum Day
Range. On g summer night thesignal does not reappear
after the 70 mile extinetion until we are approximately
2000 miles from the transmitter, after which the signal
falls off gradually to a very low value at 7500 miles.

The present explanation of the above peculiar
phenomena is as follows: Assume, for simplicity, that
energy 1is radiated equally in all directions by the trans-
mitter. As we g0 away from the source. the signal
strength will decrease in the usualmannerdueto spread-
g and energy absorption by the ground, with the
result that the 30-meter signal practically vanishes in
the vieinity of 70 miles. In other words, the ground
wave component of the $0-meter signal behaves as we
should expect from our long-wave experience, 1. e.,
Is rapidly attenuated. The unexpected thing happens
when we go out to 450 miles and find that the signal by
day has reappeared. This reappearance of signal is
accounted for by electronic refraction of a portion of
the energy which is radiated towards the sky. A re-
flection theory of this effect has been proposed by
Reinartz.” More recently a refraction theory has been
developed by Taylor and Hulburt.* The calculations
In the present paper are based on the electron theory
of optical dispersion in metallic media as developed
by Lorentz,3 Drude,® etec. We are also greatly in-
debted to Eccles, Larmor,t Appleton!® and Nichols
and Schelleng®® 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.8.T.,p.9, April 1925.

8 H. A. Lorentz, The Theory of Electrons, Teubner, 1909.

9. Paul Drude, The Theory of Opties (Engl. Trans. by Mann
and Millikan) Longmans, 1917. '

10. W. H. Eecles, 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.
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to earth again at a great distance from the transmitter.
For higher angles the rays will return to earth progress-
ively nearer the transmitter, Finally a critical angle
is reached for whieh the refracted ray comes down at the
nearest distance to the transmitter. IFor higher angle
the points of return recede from the transmittey until
finally a second critjcal angle is reached where the ray
does not return to earth. but instead goes out into
space and is lost.

The distance from the transmitter to the nearest
point at which the refracted sky wave returns to earth
has been called the “skip distance.” For a given
wave length the skip distance js a minimum in the
middle of the day and a maximum on a winter night,
the summer night value being somewhat less than the
winter night skip. This variation is theoretically
accounted for by a change in the height, thickness and
maximum value of the electron density in the upper
atmosphere.

The experimental summary given in Fig. 1 shows that
the skip distance for a given time of day or night
decreases with Increasing wave length. This ohserva-
tion is in agreement with the increase in refraction on
the longer wave lengths. If we neglect the effect of
collisions between the electrons and gas molecules which
prevent the refraction index from going to zero, we
obtain a sharp upper limit in wave length above which
skip distances fall to zero. For the ionization values
assumed in the paper, this occurs for a wave length of
60 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 we
would obtain skip distances on wave lengths greater
than 60 meters for the assumed winter night ionization
values. The effect of the earth’s magnetic field wiil
also require consideration in the vicinity of the upper
limiting wave length. The experimental determination
of skip distances on the longer wave lengths will be
difficult owing to the masking effect of a relatively
strong ground wave,

On the present theory we may expect severe fading
near the transmitter under certain ecircumstances.
For example, consider the case of 60-meter transmission
on a winter night. Here g refracted or sky wave will
fall inside of the ground wave limit and at a certain
distance may be approximately equal in magnitude to
the ground wave value. Under these conditions
severe interference effects between the two waves will
result. If the ground absorption is high this effect
may be found quite close to the transmitter. Over
salt water the effect should occur at a greater distance.

On shorter waves where the skip distance is well
beyond 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.

Appleton and a little later Nichols and Schelleng?
independent]y 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.
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
FRrREE ELECTRONS
III. GENERAL EQUATION FOR THE PATH OF A RAY
IN A MEDIUM OF VARYING REFRACTIVE INDEX
IV. CONSTITUTION AND DISTRIBUTION OF [ONIZATION
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. TypricaL 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 I
GENERAL EQUATION FOR THE PATH OF A RAY IN A

MEDIUM OF VARYING REFRACTIVE INDEX IN
PoLAR COORDINATES

Appendix 111

DIFFERENTIATION OF THE RANGE EQUATION WITH
RESPECT TO 6 FOR THE CASE OF A CURVED EARTH

Appendix IV

FocusiNnGg 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 (1. 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.
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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 (z. 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 skvy 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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a ray leaving the transmitter tangent to the earth’s
surface strikes the lower boundary of the ionized
medium at the second eritical angle. Under these
conditions there ig only a small fraction of the emitted
radiation which returns to earth,

It would, therefore, be better to select a wave length
in the vicinity of 15 meters and operate on the ray which
is reflected from 2500 kilometers to 5000 kilometers.
Under these conditions we would, of course, face the
possibility of considerable fading due to interference
between the weak direct ray and the reflected ray.
Another method would ke to use a still longer wave
tength, for example around 25 meters, and depend upon
the reflection of the energy falling at 2500 km. which is
already beginning to pile up towards the focus at 3500
km,

In this eonnection it Is interesting to note that the
reflected 25 meter signal should ke much stronger at
6400 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 5000
km. This point of view indicates that in short wave
transmission problems, there will be certain favored
distances. 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 to
the 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 set
of 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 ke 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 f rom 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
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unlit side will at first meet the normal day refraction
which starts bending the ray back towards the earth
and, as it moves into the darkened hemisphere, the
bending by refraction will become less and Jess until
normal night conditions exist. Thus the ray will strike
the ground at a greater d istance [rom the transmitter
than it would have, if full day conditions extended over
the entire path. Here the general conditions for
reciprocity® are satisfied, so that if a ray were starte
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 he
tween two distant stations on less than a 10-meter wave
length. This limitation is due to the fact that the
tangent ray will strike the lower boundary of the
ionized 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 is
based. There is a similar limit for full winter night
conditions given as 22.5 meters in Fig. 16. Near sunset
Oor 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, since
the refraction is increasing in the direction of travel of
the ray and may be sufficient to hend the ray hack to
earth.

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 present
theory. We have seen that all of the energy which
strikes the lower boundary of the ionized medium
above the second critjcal 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) v1 — o No/ w?
which may bhe written for convenience as
0 = cos™' { (1 4+ b6300) v/1— 9 % 10 Y Ny A? |

The summer day and winter night conditions on
long wave lengths yield the largest useful values of the

initial angle. For our assumed ionization condition
we obtain § = 67.8 deg. for 40 meters on a summer day
and 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 § — 25.9 deg. for 21 meters on a
summer day and § = 11.92 deg. for 25 meters on a
winter night. Thus we may conclude that on these

29.  Cases where two Wway eommunication op the same wave
length will not hold, due to the effect of the earth's magnetic
field, or because of an electron drift velocity, have been discussed
respectively hy 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 1s
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 Barnett®.

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, ete.

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 (4. 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 Eckersley* in
his very interesting explanation of the familiar “trolley
car noise’”’ often heard by radio men, would have to be
applied.

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

30. K. V. Appleton and M. A. ¥. Barnett, Proc. Roy. Soc. A,
Vol. 109, p. 621, Dec. 1925,

3L. T. L. Eckersley, A Note on Musical Atmospheric Dis-
turbance, Phil. May., Vol. 49, p. 1250, June, 1925.

BAKER AND RICE: REFRACTION OF SHORT RADIO WAVES

539

atmosphere, discussed by Fleming?? and Larmor!!

has been neglected.

It should also be kept in mind that
approximate allowance has been made
curvature of the ionized medium on the ray
the paths.

only an
for the
effect of
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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
414 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. Soe. Lond., Vol. 26, p. 318,
1913-1914.




Current 'l’ransformers with Nickel-Iron Cores
BY FTTOMAS SPOON KR

Member, A. 1. ®. 2.

Synopsis. There has been developed recently a nickel-iron alloy T'he relative perforinance of bransformers with cores of the two
called hy perniik which has especially low hysteresis logs and high  kinds of malterial are shown by test and by caleulation Jor various
bermeability at oy inductions. Dye lo these properties (he ma-  burdens and ratios. The muemuin ratio for which salisfactory per-
terial 4s particularly suitable Jor the cores of current transformers. Jormance can be obtlained with a through-ty pe transformer having q
A ring-lype series lransformer with q core of hypernik has ap-  hypernik core is aboul 200t 6.
proximately one-third of the ratio and phase-angle errors exhibited This new wmaterial i3 relatively expenswe but its use wyll un~-
by a similar transformer having a core of ovdinary silicon steel. doubtedly be warranted Jor certain applications.

THE accurate metering of power supplied at high g5 determined by the secondary current an burden.
voltages is difficult due to limitations i the per- A method of measuring the core characteristics wil] he
formance of through-type current transformers. discussed later.

With a single turn for the primary the availablem. m f. The relation between the magnetic properties of the

for low currents Is very small. For a standard five- core and transformer performance has heen shown very

ampere secondary winding the number of secondary clearly by Agnew s Fig. 1 shows the vector diagram
turns is fixed by the ratio, therefore, fora given burden of a current transformer supplying an inductive load.
inductions in the cores are high which means relatively E, is the secondary voltage.

large core losses and magnetizing currents. As the I, and I, are the primary and secondary currents,

transformer ratio decreases the phase-angle errors rise respectively.
very rapidly due to losses and the low permeability n 1is the ratio of the number of secondary to primary
at low inductions for the ordinary silicon-steel core turns.
materials. ¢ 1s the phase angle of the secondary current,
Some years ago L. W. Chubb recognized the pos- M is the magnetizing component of the core exciting

sibility of Improving the performance of current current necessary to produce the flux .
transformers by the use of certain nickel-iron alloys F is the corresponding loss component of exciting
which have especially high permeability at low jn- current (due to hysteresis and eddy losses in
ductions.? Such 3 material has now become commer- the core).
cially available through the efforts of T.D. Yensen and Because of the magnetizing and loss components of
P. H. Brace.

The purpose of this paper is to show some of the .
advantages which may be gained by the use of a =
particular nickel-iron alloy called hypernik for the e \
cores of through-type transformers. I g YV nl, °

CURRENT TRANSFORMER CHARACTERISTICS ) M

If the magnetic properties of the core of 3 current T ¢
transformer and the leakage reactances of the windings
are known, the ratio and the Phase-angle errors for any
secondary current or burden on the transformer; may F16. 1—Vecror Disarav or Curngxy TRANSFORMER
be calculated quite accurately. Since this particular
discussion is limited to through-type transformers, the exeiting current there wil] result (unless the exciting
the effect of leakage reactance will be neglected since current 1s in phase opposition with the secondary
this is practically negligible for this type of transformer.s current) a phase angle between the primary and
In order to calculate the performance of ring-type secondary currents which will differ from 180 deg.
transformers, it is necessary then to know only the watt by the angle 6. This is the phase-angle error of the
and wattless components of magnetizing current for the transformer. The ratio error is proportional to the
particular core at the desired frequency and induction difference between [ andn 1,
Agnew gives the following simplified formulas for

1. Research Engineer, Westinghouse Electric & Mfg. Co.,

East Pittsburgh, Pa. calculating the errors In current transformers.
2. U.S. Patent Number 1,277,384.. ‘ M sin © + F cos o
3. Effect of Magnetic Leakage in Current Transformers, Ratio (R) = n + IR (1)
2

H. W. Price, C. K. Duft. . ]
Papers on Current Transformers. Bull. No. 2, Section No. 4, ——=:

University of Toronto, 1921, p. 169-171. 4. A Study of the Current Transformer with Particular
Presented at the Regional Meeting of District No. 1 of the Reference to Core Losses. P. 3. Agnew, Bull. Bureau of Stand-
A. 1. E E, Niagara Falls, N. Y_, May 26-28, 1926, ards, Vol. 7, 1911, pp. 423474,
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M cos ¢ — Fsin ¢
nlz

Tan § = (2)

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

Jt .
B = 3)
2
M
Tan 6 = 4)
nlz

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

Transformer

M.A.
A.C. Potentiometer

Fia. 2—Discgram 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
gensitive and corrections must be made for the in-
strument losses.
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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 distinet potentiometers supplied with
currents which are equal in mnagnitude 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 N, and N,. 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 I, is first adjusted to some convenient value and
switch S is thrown to the left, thus connecting the
potentiometer to the secondary winding N.. Poten-
tiometer B is set to O 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.

. B, X 108 ]
= TA XN, XJ X 444 (5)

where,
B istheinduction in gausses
E, isthe voltage induced in the secondary
A isthe cross section of the specimen in sq. cm.
N, is the number of secondary turns
f isthefrequency.

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 magnetizing 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. Spooper,

Journ. Optical Socioty of America and Review of Scientific 1n-
struments, March 1926, p. 217.




2 SPOONTRR
voltage und divided by the weight of the sample in
pounds, there will result the wattless vo]t-amperes per
bound for the materia]. Similarly the watt component
of current gives the watts per pound. This is on the
assumption that N, and N. are equal. By using a suffi-
ciently large sample, data haye been obtained by this
method for g range of inductions from a few gausses to
several thousand gausses, both at 25 and 60 cycles.
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Fie. 3—Corgk Loss orF Ring Puncuings
Ring Dimensions = 5-7/8 in. by 3-5 8 in.
Figs. 8 to 6 show the
for 60 and 25 cycles for

curves cover a rather
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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Fie. 4—MAGNETIZING CURRENT oF Ring PuxcHings

Ring Dimensions - 5-7/8 in. by 3-5/8 in.

plot the results on double-log paper since a much
larger range of inductions can be covered with less
confusion of scales. .

The Calculation of Performance. Using the magnetic
characteristics of the materia] as given by such curves as
shown in Figs. 8 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 method
will 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 tested
at 60 cycles.

Core Material.

Hypernik

CURRENT TRANSFORM KRS WITH NICKKT.-1RON CORLS

Jourpal A

Rings: 874 1n. (14.9 em.) outside diameter; 3
(9.2 em.) inside diameter
Weight: 101b. (4.54 kilograms)

Cross section of core (density 8.83)
Secondary W tndings.

Turns: (N,) 100

Resistance 0.109 ohms
Burden

15 volt-amperes at 80 per

sistance (.480 ohms)
Inductance = 954 microhenries.
The total resistance to be considered in caleulating the

n.

14.22 sq. e¢m,

cent power factor (re:
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Fic. 5—Corx Loss or Ring Puncuings

Ring Dimensions 5-7/8 in. by 3-5/8 in.

performance must include the secondary resistance of
the transformer winding, therefore,

R =0.109 + 0.480 — 0.589 ohm.

X = 27 f 956 X 10-¢ = 0.860 ohm.

VR +X* = 0.690 ohm

tan ¢ 0.611

sin ¢ 0.521

Cos ¢ = (.853

One ampere in the secondary,

therefore, corresyonds

0,00,25"' R [
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Fig. 6 MaGNETIZING CUurRENT oOF Rixg Puxcuixgs

Ring Dimensions = 5.7 8in. by 3-5/8 in.

to 0.690 volts and from this the inductions can he
calculated by the ordinary transformer formula (5).

TABLE I
OF TRANSFORMER PERFORMANCE

CALCULATION

per |b.

I | E, Bl va | W I M | F | n tan ¢

= 3 { [

0.5/0.345| o '0.00015/0.000049 0.435| 0.142 | 0069 |0.00590 20*
1 0.690 | 182 |o 000-710.00021 '0,681 { 0.304 | 1.0060 [0.00422| 14
2 ‘ 1.380 | 364 [0.001 10/0.00086 1,014" 0.624 | 1.0053 |0 00270/ 9’
3 2.070 | 546 /0.00259/0.00200 1.250 ] 0.966 | 1.0049 0.00188 7
4 { 2.760 | 728 [0.00393(0.00348 | ) 424 | 1.261 [ 1.0045 [0.00141| 5¢
5 3.450 /910 0 00540/0.00530 | 1 566 | 1.537 | 1.0042 10.00107) 4

. J
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The wattless volt-amperes per pound, V A, and the
watts per pound, WV, were obtained from curves similar
to those given by Figs. 3 and 4, but covering a gregtgr
range of inductions. In order to obtain M and F, it 1s
simply necessary to multiply V 4 and W, respectively,

N. W,

2

by where W, is the weight of the core ma-
terial in pounds. R and tan g are then obtained
directly from formulas (1) and (2).

This detailed analysis has been followed through
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Power- fucton 82,4 Per cent
1.006 - \ - *
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N |
1.005
1.004
Q
=
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|
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' 1 3 ] 5 6

2 -
SECONDARY AMPERES - 60~

Fig. 7—500-5 RiNg-TypPE CURRENT TRANSFORMERS

Burden = 3.16 volt-amperes
Power factor = 82.4 per cent

since it has been observed that a person not familiar
with this type of caleulation 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,

50 . — -
Burden : 3.16 k‘o\t amperes
1 Power - factor : 82.4 Per cent
30 L —
ol
—
p=]
Z
= 30
e
-
3
Z20
w
[%]
ES
| 1
1 « 2
3 5¢ 6

2 4
SECONDARY AMPERES 60~
Fig. §—500-5 RiIxG-TyPE CURRENT TRANSFORMERS

Burden = 3.16 volt-amperes
Power factor = 82.4 per cent

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-
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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

1025100 —— 11— — T
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|
v : T j —
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1015
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Burden 15 volt-amperes
Power factor = §0 per cent
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Fic. 10—500-5 Rixg-TYPE CURRENT TRANSFORMERS

Burden = 15 volt-amperes
Power factor = S0 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




544 SPOONELR: CURRENT TRANSIFORMERS WITH NICKEL-TRON CORES

for various ranges. Figs. 11 to 15 give the comparative
ratio and phase-angle curves for silicon and hypernik
transformers for various ranges of secondary current
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from 200 to 1500 amperes, using various burdens and
weights of core material. The very considerable sy-
periority of hypernik over the silicon steel ig seen for
these conditions. In comparing the ratio curves it
should be remembered that by means of turn compensa-
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tion the actual ratio curves may be reduced much closer
to unity by this means. It will be noted, however, that
this compensation wil] not be nearly as effective for the
silicon-stee] transformers since the ratio curves are not
nearly as flat as for the hypernik. The phase-angle

S




June 1926

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.?

As an indication of the burdens which may be im-
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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
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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 namred 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.”




['he Retardation Method of Loss | determination
as Applied to the Large Niagara Falls Generators
BY T ALLEN JOHNSON
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Synopsis, Institte lterature 4y apparently lacking 1n infor
mation rogarding relardation fes(s, The purpose of thiz paner
s Lo point out certain advantages of the method and (o describe

The baws of the method s Jirst given with (he Sundamental
Jormuly Upon which it depends. Since st requires the use of the
Tmoment of inertia, or “Ay-wheel efec,” W 1 methods of determay.-
ing this value are given, and it is pounted out that it can bhe determined

The methods of delermining the speed of rotation and Uus rate
of change are gwen, with q description of the devices used for
awlomatically recording the necessary data and the method of inter-

HILE the retardation method of determining
generator losses has long been known and 1s
recognized by the Institute Standards, the

disclose a single paper On, or specific reference to,
retardation tests. |t Seems rather strange that a
method of testing which has found its way into the
Institute Standards should have received so little
attention in its literature. The explanation probably
lies in the inherent simplicity of the method and the
comparative rarity of its use in past times. [t would
appear that the method has been, and is yet, considered
as a “last resort” method, to be used only when no
other method ig possible. It is the writer’s purpose to
show that the method has advantages and virtues of
its own, not possessed by the usual and better known
methods. [t has, in the writer’s opinion, never recej ved
the attention or publicity it deserves, nor heen subjected
to the intensive study for the perfection of its technique
that is warranted by its possible accuracy and its eage
of application.

The writer’s attention has been focussed upon this
method by the necessity of determining the convent; onal
efficiencies of 2 considerable number of large water-
wheel driven generators.  The wusual or standard
method of determining generator losses is by driving
the generator with 3 motor of known efficiency, and
measuring the input to the motor under the various
desired conditions. This method is usually impractica-
ble in the case of large water-wheel generators. The
most practicable and available method of making loss
tests on such installations Is by means of the retardation
method.

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, Niagara
Falls,N. v.

Presented al the Regional Meeting of District No. 1, of
the A. 1. E E., Niagara Falls, N. Y., May 26-28, 192¢.

preting sueh data. 14 iy shown how the determinatipn of losses opey
4 range of specds inereases the accuracy of the dete, minalion,

General snethod of lesting are d cribed, wit
diagram and an outling of the Necessary precaution,
procedure for test, Jor differcnt losses ¢s Yiven,

1t 15 shown how thex method of test furnishes data for the e parg.
lon of the friction Jrom the windage, P'he division of macharieql
losses betweer, yenerator and turbine 4, Specific caxe 15 alsg
described

The procedure in determining the electrical losye: Jrom the test
data ss given and some observations made regarding the apparens
desirability of the Surther refinement of the method -

cotneclion

The detadl

first, that it depends upon the fly-whee) effect, 1" 2,
of the rotating parts, the determination of which has
been considered to lack accuracy since it has heen
assumed that this value had to be calculated from the
design: second, that the accurate measurement of
speed and time are attended with certain difficulties

tachometer.

As a matter of fact, the fly-whee] effect can be deter-
mined by test; and the rate of retardation ean be
determined by automatic recording devices far more
accurately than by the tachometer and stop-watch.
In faet, the method lends itself naturally to automatie
graphic recording methods, which may be made of
almost any degree of accuracy desired.

This paper, therefore, wil] describe the procedure
followed in the determination of the losses in the large
generators of the Niagara Falls Power Company in an
attempt to demonstrate thereby the practicability of
the retardation method for the determination of the
losses in such units.

The Retardation Method of Loss Tes. The retarda-
tion method is based upon the fundamental law for the
kinetic energy of a rotating mass, 1. e.:

b‘=12 —‘\\ "ll

Where E is the energy.

w
5 Is the mass of the rotating body

R is the radius of gyration, and
w is the angular velocity.

If energy is added, the angular velocity or speed of
rotation must increase, and if energy is abstracted,
the speed must decrease. Obviously the rate at which
the speed decreases must be a funetion of the rate of
abstraction of energy, that is, of the power loss, and will
be given mathematically by the first differential of
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equation (1) with respect to time. The equation for
power loss then takes the form:

dFE WR?.2wdw @)
gt 2¢g dt
Putting w = 2 7 s (where s is speed rev. per sec.)
dFE W R? ds
= 2 — 3
dt 24 .8 m 8. Ty (3)

Expressing this equation in convenient units for the
purpose of generator-loss measurements, we have:
- 4W R*w® S ds

Loss in kw. = "35 573600 x 33000 x 1.34) ~ d

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

(4)

ds . .
Tl is rate of retardation in rev. per min. per min.

39.2 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-Ib. 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

ds
of retardation ( ai ) 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:

(5)

Determination of W R2. The usual method of deter-
mining W R? 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 R? 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-

Lossinkw. = D § >
0SS In Kw. = L dt
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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 R?
can be readily calculated. It will usually be found, if
the work is carefully performed, that the value of W R?
so found, will check very closely with that obtained by
calculation from design.

Determination of speed (S) and rate of retardation

ds ..
(—d_t— ) 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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4 greater speed wouylqg be preferable in order to give TABLE 1
greater accuracy ip determining the kenerator speed. "RTOTION. WiNDAGE AN 2 TR0

Fig. 1 shows, Timer, Chronograph, and ¢ Revolu- d s/t
tion Countep The chr apl i e noe | avipasy! K,
-0 A 1€ chronograph shown is not the one . Tme [ Av.rev. [ Rev. por | min per | (0.525 §
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used in the tests hereip described, but one buj); for  Minutes | per min. | “min.” | "o | uaay Heigis
future yge, Fig. 2 is g reproduction of 5 typical 0
chronograph record of a retardation test. 7.8
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I nter Ppretation of Chronograph Records. By drawing 104 4 410 obtained by s,
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73.4 coofficient - 0.528)
5 69 .35 8.1 295
65.3
6 61.60 7.4 239
57.9
7 54.70 6.4 184
7 = .k S
. In the usual application of the retardation method,

| as set forth in the handbooks, its has been customary to
determine d s/d t, the slope of the retardation curve, at
normal speed only. This has resulted in g lack of
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a. Timer
b. Ohronograph .
¢ Revolution counter lack of confidence in the method. By the method of

ing eoch such interva] . Tabulating these and taking applicable in this case since the curve as a’whole cannot
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average rate of retardation occurring between such
successive speeds. If the time intervals are taken
sufficiently short the average speeds for each interval
can, with sufficient accuracy, be taken as occurring at
the middle of the intervals, and the corresponding

values of %j as simultaneous with the times dividing
the intervals. Also the speed at the division points
can with sufficient accuracy be taken as the average
of the preceding and succeeding intervals. In illus-
tration, the following tabulation, Table I, is from
the chronograph record of a test for friction, windage
and iron loss, on a 65,000-kv-a. generator.

The curve shown in Fig. 3 is a plot of these losses
against speed, from which the desired value at normal
speed can be read. These results are quite consistent,
and no great error can be made by this method, since
errors in one direction in one or more readings must be
compensated by errors in the other direction in succeed-
Ing ones. Hence, the individual errors can confidently Fia. I3T~chmon,
be eliminated by plotting the results graphically. Vourts at 107.14 REv. pER Miw,
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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 ¢ 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

WER = 1987 x 107.14 x 12.99
= 64,700,000
W R? 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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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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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
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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



"

another generator of the Same voltage. The driving
generator can be of considerabl){ smaller capacity than
the one tq be driven, no difficulty whatever having

rapidly), and is smal] enough to give good readings on
standard 2.5. to 5-ampere ammeters and wattmeters
when measuring the Input to the driven machine. Ip

ance must, of course, be made for the output and
losses thereof.

1. Friction, windage and irop loss by Input

2. Friction, windage and jrop loss (or W R?) by
retardation

3. Friction and windage by retardation
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(for check only, if 4 reliable one g available) at time
intervals synchronized with chronograph, Field cuyp-
rent should remain constant throughouyt test. Records
should continye until speed has decreased at least to
half normal value.

This test can be repeated for as many values of field
current or generator voltage as desired. However, 4
single test at rated voltage wil] usually he suflicient to
check the input test and the value of W p-.
good check not be obtained, however, it is desirable to
repeat and correct the value of W R2 if the value cajey-
lated from design appears to be bersistently in error,
3. Friction and Windage by Retardation,

Synchronize from rest and bring to 15 or 20 per cent

possible for g burpose to be explained later. A single
test should he sufficient to determine friction and

4. Friction, Windage and Load Losses by Retardation.

With circuit-breaker B open, close circuit breaker
A and synchronize from rest as usual. Raise speed to
above norma] g5 before. Quickly open circuit-breaker
A, open field switch, close circuit-breaker B, close field

order that steady conditiong may exist while speed is
‘ Record revolutions

Separation and Determination, of Friction and v ndage.
The nature of the friction and windage losses and the
consequent lawsg governing the form of the friction and
windage retardation curve furnish g means of separating
the “apparent friction” from the “apparent windage”’

In rev. per min.
Upon plotting such a curve from the record of a frie-
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tion and windage retardation test, it is found to con-
form exactly to this law.

TABLE IT
FRICTION AND WINDAGE BY RET ARDATION
| (ds/dt) |
(S) | Rev. per !
Time Av.rev. | Rev. per | min. per Loss
\inutes | per min. | min min. l kw. | Remarks
- ) | — l
115.4 i
111.25 8.3 485 [
| 107.1
2 | 103.20 7.8 \ 423 l
| 993 ! \
3 ! | 96.25 6.1 309 W R? (from design)
[ 93.2 | | 68.255,000 1b.-ft.2
4 { 90 .20 6.0 I 285 | (Retardation loss
87.2 | | ll coefficient = 0.525)
5 | | 85.50 | 5.4 | 240 |
81.8 | ‘ l .
79.30 | 5.0 209
76.8 | l
7 74.65 | 4.3 169 ,
72.5 | |
70.55 3.9 | 145 |
| 686 l
9 | 66.75 3.7 | 130
64.9 [ !
10 63.05 3.7 | 123
| 61.2 |
11 59.95 2.5 78.7
1 58.7
12 | l 57.00 2.8 84.0
| 55.6 | {
i3 | | 54.45 2.3 66.0
53.3 i
14 52.15 | 2.3 | 63
51.0 |
15 | 49.85 | 2.3 60.2
48.7
6 | 47.60 | 2.2 55
46.5 1 {
17 | 45.60 | 1.8 42.2
44.7
18 43.75 1.9 43 6
42.8 | |
9 42 05 1.5 33 1
41 3
20 | 4035 | 1.9 40.1
29 4

Table I1 is the data from the graphic record of such
a test, and Fig. 7 shows the values plotted from
Table 1.

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 equalions:

372 100 F' <+ 1,000,000 W
94 — 60 F + 216,000 W
Solving for F' and W we have:
F = 0.8355

W = 0.0003365

tecaleulating for successive values of S, we have:
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TABLE III

FRICTION AND WINDAGE LOSSES BY CALCULATION
EQUATION (6)

S | Friction Loss Windage Loss \ Total Loss
Rev. Per Min. | in Kw. ‘ in Kw. in Kw.
40 14.2 21.6 ‘ 35.8
50 ' 17.7 42.0 i 59 7
60 I 21.3 72.7 l 94.0
70 24 .9 i 115.5 140.4
80 | 28 .4 I 172.0 200 .4
90 31.9 | 245.0 276.9
100 ‘ 35.5 t 336.5 372.0
110 39.1 | 347.0 L 486.1
120 l 6 | 581.0 l 623.6

42.

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 [ig. 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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bearing losses are of such a nature 2 to vary with the
third power of the speed. However, while there may
be some doubt as to the exact composition of the two
kinds of Josses differentiated in this manner, their
separation is nevertheless wel] worth while for the
purpose (if for no other) of detecting the presence of
any possible abnormal friction loss, such as a tight
bearing or gland, or a rubbing turbine seal, which would
surely show up in an abnormally large first power loss.
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QHowever, the author believes, from experience in
testing several different types and makes of generators
by the above methods, that the separate “‘apparent
friction” and “apparent windage” found by this method
are very close to the actual friction and windage losses,
when not complicated by other factors such as “disk
friction” or “pumpage’ losses in the turbine, due to the
presence of water for cooling purposes.

Division of Friction and Windage Between Generator
and Turbine. In those cases where tests are made with
the turbine connected, the friction losses as above
determined, will include turbine friction in bearings,
glands and seals, and the “apparent windage” loss will
include windage in the turbine and probably another
loss due to the presence of a small amount of water in
the turbine, which may be classed as “disk friction” or
“pumpage.” These losses can, at present, only be
approximated, but by separating the first and third
power losses by the method described above, these
approximations can be handled with much more confi-
dence than when the mechanical losses are all lumped
together.

JOHNSON . RETARDATION METHOD OF LoSs DETERMINATION
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In an isolated case of a single unit, the division of the
mechanical losses between generator and turbine s
quite 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 carefu]
observations and comparisons, to make approximations
which give results approaching the tryth closely
enough for practical purposes.

As an illustration of what may be done along this
line, the steps taken in allocating the mechanical losses
in three units of 32,500-kv-a. capacity, comprising three
different combinations of turbines and generators will
be described. If we designate the two turbine manuy-
facturers by the letters 4 and B, and the three generator
manufacturers by X, Yand Z , then we can designate the
three unitsas 4 ¥ By and B Z.

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

TABLE IV

ANALYSIS OF FRICTION AND WINDAGE OF THREE 32,500-
EKV-A. OGNITS

Unit Unit Cnit

| 4 X BY Bz
= — - a0
Total Friction, Windage & Pumpage. . . . | 9165 | 171 5 [ 151 05
Frieton........... .0 0T H| 18 75 28.0 28 25
122 80

72.90 143.5
Analysis of Friction !
Weight of Generator Rotor and Shaft. ... 4| 271.000 311,000 | 318,000
Weight of Turbine Runner and Shafy. . B| 73500 1
Weight on Thrusg Bearing during Test ... ¢ 344 .500 384.500 | 391,500
Hydraulic Thrusy, . 100.000 | 100,000
Weight on Thrust Bearing under Load . . .. D! 444 500 484,500 | 491.500

1

X
2 it { D = § = | & | =
Thrust Friction under Load \ 300 X lo)E‘ 15.0kw 16.35kw | 16 6kw.

Thrust Friction during Test % X E) F| 11.62 12.95 13.25
- l -
Generator Share of F (T xF) -Gl 915 | 10.46 | 10.76
Vd B \ l |
Turbine Share of F { - XF) ........ | 247 [ 249 249
N |
Total Friction from retardation test .. p| 15 7 | 28.0 | 2525
Towal Thrust Bearing Friction during test. . F| 11_62 [ 12,95 13 25
Other Friction, guide bearings, etc., (H-F) Il 7.13 | 15.05 15.00
Generator Share of L .. ... . J 2.0 2.0 | 2.0
Turbine Shareor7 ... = 5.13 13.05 | 0
Total Generator Friction (G e e £V ISR I 1 15 12 46 12.76
Analysis of Windage & Pumpage | i
Total Windage and Pumpage (Ret. Test).. | 72.9 143.5 | 122 .8
Generator Windage (Est).......... ... . 50.0 9.5 | 728
Turbine Windage (Est,. 3 P e =a) 10,0 10.0 10.0
Turbine Pumpage (Esv). ... 7 .1 12,9 40.0 40.0
Total Generator Friction & Windage ... . .| 61 13 105.96 85 56

That portion of the loss which is proportional to the
third power of the speed was at first thought to be en-
tirely windage, but upon further Investigation it was
found that there might be a loss in the turbine of the
nature generally called disk friction which also varies as
the third power of the speed, and, owing to the different
construction of the two types of tubine, it is reasonable
to expect that under test conditions these losses might
differ 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
lossesof A Xand BY and B Z, these losses In the case
of B Y being just about double the corresponding losses
of AX, 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 AX
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.
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, 1t 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-
ca}led 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

JOHNSON: RETARDATION METHOD OF LOSS DETERMINATION
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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 alr 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 caseof 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 1s, 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 1t 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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Unit A X, and was accordingly put at 40 kw., leaving
for generator windage 93.5 kw. in the case of Unit

50 kw. assumed on Unit 4 X.

to be the same a5 would have been assigned to turbine
windage had the test code formula been used, hence,
should not pe open to serious criticism,

The final values of generator friction and windage
then become for Unit A X, 61.15 kw.; Unit B Y, 105.96
kw.; and Unit g Z, 85.56 kw. We have two checks on
these figures; first, the designer of Generator 7 stated
that he estimated the friction and windage of his

SEPARATION AND DE’I‘ERMINA’I‘ION OF ELECTRICAL
Lossgs
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friction and windage as determined either by the Input
or by the retardation test, Fig. 4 shows iron loss,
friction and windage data for the 65,000-kv-a. unit, and
Fig. 6 for the three 32,600-kv-a. units. The values of
the friction and windage losses, of course, determine the

Journal A LE 5

termini of these curves on the zero voltage axis, therehy
giving the hecessary data for the completion of the lower
part of the curves. Fig. 9 shows iron losses alone for the
three 32,500-kv-a. generators an( Fig. 10 for the
65,000-kv-a. generator,

Stray-Load Losses. Similarly the stray-load loss ig
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determined by subtracting the friction and windage and
armature I° R loss from the appropriate test values.
This has been done for the 65,000-kv-a. generator, the
various steps by which the stray-load loss has been
determined are Indicated in Fig. 11.

Following the Same general principles used In deter-
mining the friction and windage, and the iron loss, the
test points are first determined and plotted for the
delineation of 5 curve of loss against speed as obtained
by the retardation test, Ip Fig. 11 these test points
for armature currents of 1554 amperes, 2145 amperes,
and 3156 amperes are shown respectively at «, b and c.

These points do not look very encouraging as almost
any kind of a curve can, seemingly, be drawn through
them. However, in delineating these curves, we are
entitled to use 3] the information which we have,

and windage loss curve, as per Fig. 7,

Astothe 2 R loss, it is known both from theory and
observation, that the short-circuit current remains
practically constant at all speeds, hence, the I* R loss is
constant throughout the test. Itis possible, therefore,
to add a constant I* R loss to the friction and windage-

loss curve, obtaining the corresponding curves shown
n 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
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Curve No. 1—Friction and windage losses
No. 2—Curve No. 1 plus 1 R losses
No. 3—Curve No. 2 plus stray load losses

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

Stray-load loss = C S§"

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
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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 1t 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 values of
armature current. These three curves were then added
to the friction, windage and I* 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:

R, =RQA+KJ) (8)
where

R; 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 certain
of the losses in large generators is a useful, accurate,
consistent and easily applied method, and deserves
more extensive use and fuller official recognition.

2. The retardation method of measuring friction
and windage losses contains within itself the means of
separating these losses from each other. This Is a very
useful property when it is necessary to allocate such
losses between the generator and its turbine. It is
also useful for detecting abnormal friction or windage.
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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 a

means of throwing new light upon the nature of certain
of the losses.

4. Development of apparatus and refinement of
methods of carrying out retardation tests are desirable.
An instrument to measure the rate of retardation
directly, should he 2 possibility not difficult to
realize,

Three Methods of Measuring Dielectric Power

Loss and Power Factor

BY E. D. DOYLE:

Member, A. I. E. E,

Synopsis.—The paper presents a brief description of the
methods of measuring dieleciric power loss and power factor in
commercial use at the Electrical Testing Laboratories.

The several methods are handled wndividually and their ad-
vantages and disadvantages listed.

and E. H. SALTER:

Associate, A, I. E. E.

Appendizes are included on the use of the shunted electro-
dynamometer as an ammeler, delerminaiion of compensation,
effect of incorrect compensation in the wattmeter shunt, effect of
slightly unbalanced voltages on three-phase measurements, a three-
phase wattmeter switch ang shielding, grounding, elc.
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INTRODUCTION

HE very fact that a symposium on methods of

measuring dielectric power loss and power factor

has been arranged is an indication that such
measurements offer considerable difficulties, partie-
ularly when applied to present-day dielectrics. The
purpose of this paper is to describe and discuss the
methods now employed at the Electrical Testing
Laboratories for such measurements.

Originality is not claimed for the methods described,
but they have been improved and adapted as need for
them has arisen. Experience has shown each to be
satisfactory for the class of work for which it has been
developed.

GENERAL

The three general methods to be described and the
measurements for which they are adapted are as
follows:

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 capacitance
3. 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 the
4. 1. 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 Srngle-Phase
Measurements.

This method consists In a direct measurement of the
dielectric power loss In watts when an alternating
botential is applied to the cable under test. As there
1s always a certain amount of “leakage” power in the
test circuits and Instruments, a measurement is first

i

\

\71/
3

made of this “leakage’” before the cable is connected for
test. This “leakage’ loss is then subtracted from the
total loss with the cable or other dielectric in cireuit in
order to obtain the “net” or actual loss in the material
under test.

This direct measurement is made using a shunted
reflecting electrodynamometer wattmeter in connection
with a potential transformer. The phase angle of the
botential transformer and the self inductance of the

s

REACTIVE
TRANSFORMER |
|

|
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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 clement 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 1s
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

INSULATING  STEP STEP
up oo

TRAMSFORMERS

WATTMETER
SWITCH

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

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 he determined in advance by the methods de-
seribed in Appendix I1.

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.
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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
/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............ 20
True voltage—kv............... 10
Compensating resistance......... 249
Active Reactive
“Leakage’ Measurements
Dynamometer indication........ —33 —67

ShUN .. o cv ven e e e s 1 1

Total deflection. ................ —33 —67
“‘Cable On’’ Measurements
Dynamometer indication........ 112 168

ShUunb. . oo eer e 1 50

Total deflection. ... .. ........ - 112 8400
Leakage deflection............... —-33 —67
Net deflection. . .. ...... ... 145 8467
Net, volt-amperes. ........... .- . 0.145 8.467
Cotangent..................co- 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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Advantages:
1. Rapid operation—five minutes pber test point including
time for computations
2. Simple operation
3. Not affocted by wave form of supply
4. High sensitivity
Disadvanbages :
1. Accuracy of method depends on aceuracy of compensation
2. qu'ticularly susceptible to variations in supply voltage

1b. The Compensated Wattmeter  for Three-Phase
Measurements.

This method consists in a direct measurement of the
dielectric loss in watts when a three-phase alternating
voltage is applied to the sample of cable under
Investigation, )

The method is essentially the three-wattmeter method
for the determination of power in a three-phase, four-
wire circuit. This method has been simplified by the

of the three circuits as desired. A complete diagram of
this circuit is shown in Fig. 2.

The operation of this equipment is essentially the
same as that described in Method la. Since it is very
difficult to obtain balanced three-phase voltages, it
has been found that best results are secured by holding
the.voltage constant on one phase, rather than trying
to adjust to the correct voltage on each phase. The
reasoning back of this is to maintain the conditions
constant for each test point. When working on an
unbalanced system this would not be true if the voltage
were adjusted on each phase when the wattmeter 1sread.

The equipment used in making these tests is the same
as that described in Method 1 aq, except that three
insulating, three testing and three potential trans-
formers are required together with the special wattmeter
switch, Appendix V. .

A typical set of data from one -of these tests is as
follows:

Voltmeter indication... . . I 29
Trueline—kv.................... 10
Compensating resistance. . ... . 279
Active Reactive
“Leakage’” Measurements
Dynamometer Indication Ph. I... —24 96
« « “« 11 . 0 141
« « « III ) —52 120
“ “ Sum..... .. —76 357
Shunts i T 1 1
Total deflection. ... .. . . —76 357
“Cable On” Measurements
Dynamometer Indication Ph. I... —-36 87
“ “ “ II.. 107 81
« “ « III ; =45 79
“ “ Sum..... .. 29 247
Shunt. ... 10 200
Total deflection. ... ... = s o 290 49400
Leakage deflection. ... .. . . =786 +357
Net deflection. . ... .. . 366 49043
Net volt-amperes. . ... 0.366 49.043
Cotangent. ...... . . 0.0075

Power factor, per cent. . .. .. 0.75
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The advantages and disadvantages of this method
are essentially the same as those described in Metho
la.

2a. Phase-defect Compensation Method Jor High-Voltage
Measurements.

This method consists In a determination of the power
factor or phase angle of the sample under test by a
direct comparison of its apparent phase defect angle
with that of o “no-loss” air condenser,

In this method a reflecting type electrodynamometer
wattmeter, connected as for measuring watts loss, is
made to read zero by changing the phase of the current
in the potentia] circuit by inserting inductance of known
value. Such g2 balance is obtained, first, against g
“no-loss” ajr condenser, and then against the sample,

E — 1
e — s
—
o AIR | CONCENSER
suPPLy
—
\v
NS

y

* WATTME TER

"

Fia. "3

From the difference in shift necessary the power factor
or phase angle of the sample is obtained.

Complete connections used in this test are shown in
Fig. 8.

The equipment used is as follows:

1 Testing transformer

1 Reflecting electrodynamometer wattmeter

1 Dynamometer shunt

1 Voltage circuit resistor with compensation

1 50- to 250-milhenry constant resistance tapped

Inductor

16-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 at
all 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 ohms
equal to 6 7 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 1. 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. ..........oooooomimmmmmrrreto 20

Test kv cocv oo cvvere -
Cable (Condenser Connected Directly to Ground) 10

Potential circuit resistance. ...t 1131

ObservedInductance—Direct.......... ... #0
« “ e REVEISE. . oo 43.8
« « AVETAZE . o 43.9
Ammeter ShUNb. ..o ovveaern e 5
Ammeter reading. . .. ..o 452
Tiue MAlIAMPETES . . . . .« oxcme e cooninssesintss s 2.74
Condenser (Cable connected directly to ground)
Observed inductance—Direct.............ooeeen 35.0
i “ e REVEISE. . o viec e 35.6
“ « e AVETAZE. . oo 35.3
Difference in induetance. .. ... ..o 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 1s 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

I, = Current to sample

E, = Voltage applied to potential circuit

I, = Current in potential circuit when balanced

against air condenser

I, = 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 L, 1s the inductance setting for

IS
I,
45— e
\ —£

II
I

Fre. 4

zero reading on the air condenser, the phase shift of the
current in the potential circuit in order to obtain the
balance 1s

w Ly
5 (1)

tan ¢, =

Likewise, if L, is the inductance setting for balance
against the sample, the phase shift of the current n
the potential circuit 1s

@ Lz

tan ¢y = T (2)
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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.)

<in 0 = tan ¢; — tan ¢: = —;;— (L,— L) (3
or
. 100 w
Power factor = 100sin 6 = 7 (L, — Ly) (4)
But R has been made equal to 3 w
Therefore,
ower factor = 30 (5)

when L. and L, are read in millihenries.

The computation of the power-factor is so simple
that it is readily made while waiting for the ammeter
to agsume 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.
Tt 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
Josses 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. Ior harmonics which do not run
above five per cent in value thisis negligible.
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shielded
<heathed.
Frequency and voltage change alfect the resuts onl y

In so far as they change the properties of the test
sample.

Potential waves of other than sine characteristics
aflect both the test and balance cireuits alike and cause
error only if neglecte in the computations. the bridge

[l

[

Figc. 8

and all low-potential wiring metallically

determines the capacitance and resistance components
for the wave applied.
Advantages:
1. Rapid operation
Simple operation
Very high sensitivity
Measurement range
Capacitance 1-1000 miero-microfarads
Power factor 0-100 per cent
Independent of fre ‘quency and voltage variations
6. Accuraey high
Disadvantages:
1. Very sensitive to leakages

Appendix I

THE USE oF THE REFLECTING ELECTRODYNAMOMETER
AS A UNIVERSAL SHUNTED AMMETER

There are two methods of using the reflecting type
electrodynamometer as a universal shunted ammeter,
The first is that shown in Fig. 8. In this case only one
coll is shunted and, providing the dynamometer has 3
uniform watt scale, the instrument follows the law,

(&

W

'OI

AS=K:Ior] - _VAS

Fre (13)

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

Fig. 9

both coils as shown in Fig. 9. The instrument then
follows the law,

_—

AS?=K*Iror] =-SK¢ (14)

Journgl A. I K ¥

In this latter case, if the instrument can be calibrated
to be direct reading on one shunt the prodyet of the
reading on this scale and the shunting value Kives the
current on any shunt. Tn the first case it js necessary
to compute the constant over the range used and then
the current which js a longer process.

\ppendix 11
DETERMINATION OF COMPENSATION

a. Using a “no-loss” Air ( ondenser.

To determine the correct wattmeter compensation
for a given voltage, set air-condenser plates as eloge
together as safe operation permits and read the watt-
meter deflection for a series of values of “compensation
resistance.” These results when plotted, with watt-
meter reading as abscissas and the square of the
“compensation resistance”’ as ordinates, will give a
straight line. Similar sets of data are then taken for a
wider setting of the ajr condenser. These straight lines
should then all cross at a point, corresponding to the
correct value of compensation, at which point the
wattmeter reading should be a constant regardless of
the condenser spacing.

While this method is described as for a “no-loss’ air
condenser, it applies equally well for a “constant-loss’
variable condenser. Leakages play no part, providing
they are constant for each voltage.

This procedure, while applying to single-phase
equipments in particular, is readily adapted to three-
phase equipments. In this case, each phase is handled
separately as for single-phase determinations and then
the average of the three values used as the correct
three-phase compensation.

b. Using a Built-up Three-Phase Load.

A second scheme, sometimes more convenient for
determining three-phase compensation, is to take three
single-phase loads of approximately the same capaci-
tance and loss, say three pieces of single-conductor
cable, on which determinations can first be made
by single-phase test methods. These loads can then
be combined into a three-phase load and the “eompensa-
tion resistance’” ad justed until the loss measured under
three-phase “potential equals the sum of the losses
measured at a corresponding single-phase potential.

Appendix III

EFFECT OF INCORRECT COMPENSATION IN WATTMETER
SHUNT

Incorrect compensation in the wattmeter shunt will
introduce no error if the phase defect compensation
method is used. Any such phase error will affect both
balances of the wattmeter alike and hence be eliminated
when the difference is taken.

In the straight wattmeter methods, however, incor-
rect compensation in the wattmeter shunt will cause an
error unless the potential cireuit compensation values
are obtained as in Appendix II. Mathematical
analysis and actual tests have shown that any error

S i ———
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caused by incorrect compensation in the wattmeter
shunt appears as a constant angular error independent
of shunt position.

Appendix 1V

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 1s 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 m-
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,it1s
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

sEder

xi’\
= = —_—1

- = ———4

STEP-UP  BTEP-DOWH
TRANSFOVMERS

THREEL PHASL
oo

L =

S
2 ACTIVE]

REACTIVE EA
S E_r =

WATTMETER

ZEACTIVE
TRAMSTOZIALR

Fig. 10

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 hetween
Y and G, the point X must again be connected to G
and all the potential connections changed accordingly.
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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

[

/

/,
@O@ //'/
O\PP

switeh 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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"If A, the wind pressure, is zero, then =
Equation (8) is based on the fact that

DWIGHT: sAG CALCULA

P and k

TIONS FOR TRANSMISSION LINES

the distance between the Supports is equal to 4 /2 p?

and to4 k2 Q2.
Let .

(9)

T 2 8 16 )
wk ) ( 2 2 )
—k(T 3b+0+£b5...
k( wk )2( 2 )
— T 3 b*+0.
k(wk)a RS )
The deflection, d 4 q, 1s found from equation(1)

putting [ = .

The distance vertically downward from the upper

v(d +
Support to the lowest point of the cable is—\q)

w

For finding the effect of changes of temperature and

loading, it would be possible to assume different values

of 7" and find values of m and d as shown ahove. How-
ever, 1t will be a little shorter to assume values of H
the horizontal tension and find m from the following:

)

k wk 1 3 )
-5(7) (b—zb“rgb I

3 5
+ oo b — 7

E(b L
Gl L 40”112

T Y A Y

T3\ & 127727 )it ()
The deflection in this case is found from

1 wn 1 wn)3 1 (wn)° ]ft

“=rl o m ol g AR i3

(12)

where n = 2k — i 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-
(3) to each part of the span separately, as

Ing equation
follows:

[x+3(S0e) -2 (de
L.=m 1+3 m 45 m

y

ft.

Jouraal A, 1, 8. Is.
w_m"_{_l (_'Ln_ ) 5((/+0)
AE L2 \arg )t —,
) ]
22 () ()
w2 + 3 n 45 n

278

d+q
95

m

2 d

+ q
Ty

m

m8((1)“ ]
+sebk—). ..
wrFln 54 211C ) ]
CAELz g, gl 2

by applying
equation (2) or (21) to each part of the span. The
tension at a Support is somewhat greater than H, and
is greater at the higher support.

If there is no horizontal part of the curve between the
two supports, then m 1S greater than 2k, and n is a
negative quantity. See equation (13).

Where a valye of H is assumed, a table, not too
condensed, of hyperbolic sines can be used with equa-
tion (18) to find m. However, this would not give a
direct calculation for m in terms of T, such as is given
by equation (10). If the difference in elevation of the
Supports is unusually great compared with the length of
the span, the serles may not converge rapidly enough,
and a table of hyperbolic sines and cosines may be
required. In such g case, trial and error methods may
be necessary in order to obtain the desired results.

An illustration of this type of calculation Is given in
Example V. Since it is a trig) and error method, differ-
ent values of H must be assumed until 5 satisfactory
value of 7'is obtained.

When the Supports are at equal heights, values of H
may be assumed and a table of hyperbolic sines and
cosines used in a somewhat similar manner to Example
V. This usually requires more work than to use the .
series. This is a tria] and error method if one is work-
Ing to a specified value of 7. It may be necessary to

is not likely to occur with practical transmission-line
Spans having supports at equal heights. One should
also refer to the table by J. S. Martin-.
DEFLECTION FroM LINE OF SUPPORTS
After the location of the lowest point 0, Figs. 1 and
2, and, therefore, the complete equation of the catenary

4. , Loc. Cit.
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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 = C D, 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

Fig. 1—SpaN wiTH SUPPORTS AT Unequar HEIGHTS

this purpose, assume that there is no wind or ice load,
and so the cable hangs vertically. The calculation
would be practically the sameif 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 + f where g is known but where

p

. ... dy
fis unknown. For this line, g == The

height of any point on the catenary above O is given by

H wx
Y= cosh—H— —1 ). See Appendix L.

dy WX

dx " TH
If the line B D is tangent to the catenary at @, which
is the point (x4, y1),

h w Xy
sin o =Y
Then
wx
cosh —p— = V1 +¢
H —
n o=, (vitg¢-1) (15)
o= sinh~! ¢
H 1 X3

T w ('(]_ 2X3 ¢+ 2%4%5 g

1X3%5
oxax6XT 7

.) (16)
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Thus, numerical values of x; and y; can be obtained.

The height of P above O isd + p—(ﬁgﬁ)‘ and
therefore,
PQ=AB=CD=d+1’—("—zl:—’@—yi (17)

all parts of which are known.
Example I. Find the difference in temperature for
the following two sets of data for the same span:

21 = 800 ft.
L o312
r =0 8
w.
N 0.000 000 757 2
For the higher temperature, without wind or ice load,
sag = 23.176 0 ft.
1k~ 0.000 000 297 6

Temperature coefficient 0.000 0096
By formula (6),
L., = 800 (1 + 0.002 872 4 + 0.000 0519
+0.0000012 . .)
— 800 (0.002 307 0 — 0.000 006 6
+ 0.00000004 . . .)
= 800 X 1.000 625 2.
By formula (3),
L., = 800 (1 + 0.002 2381 — 0.000 003 5
+ 0.000 00001 . .
— 0.001 027 3 — 0.000 0057 — 0.000 00001 . . . )
= 800 X 1.001 2016
By formula (4),

L 0.000 576 4
= 0.000 009 6 X 1.000 625 2

This checks the result given in Mr. Martin’s® paper.
Example II. Find the deflection for the following

= 60.1 deg. fahr.

span®:
21 = 2000 ft.
Supports at equal heights.
T = 70,000 lb.
w = 4.700 Ib. per ft.
_fuig_ 4.700 x 1000
T = 700 000 0.067143

l ( wl ) -
-—2 T = 33.571

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. 8. Martin, Loc. Cit.

6. Problem 2, p. 11, Transmission Line Design by F. K.
Kirsten, 1923, Bulletin No. 17, University of Washington,
Seattlo, Wash.
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convergence of the series. The first term is the well-
known parabolic formula,

Example I7T. Find the horizonta] point for the
following catenary?:

21 = 2700 ft.

Supports at unequal heights, p = 179 ft.

T =60 587 1p. at the higher support.

h =1.3211, per ft.

v = 2.8701b. per {t.
= 3.158 1b. per ft.

w

Y4
q = ¥ = 197.0

g

2k = 2698.75

q
=% =0.0730
By equation (10),

m = 1342.2 4 13956 — 4.6 0.02-0.01 = 2738.2ft,
n = 2698.7 — 27332 — _ 34.5 ft.

The above baper gives m = 2608.8 ft. and n = + 91.2
ft., but it neglects the fact that the cable lies in an
oblique plane, and the dimension p = 179 ft. does not
lie in that plane.

Example IV. Find the deflection for the following
Spans:

21 = 4279 1t.

Supports at unequal heights, p — 185.5 ft.

T = 33000 1b. at the higher support.

h = 2.036 |b. per ft.

v = 2.623 Ib. per ft.

w = 3.3221b. per ft.

w

¢ = pT — 235.0 ft.

4276.57 ft.

It

2k

b —_— —

= 0.05495

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 deflection

from the upper support is

9933.77 — 9615.44 = 318.33 ft.

7. Problem with cable loaded, Table VII, Transmission Line
Design, by G. S. Smith , JOURN. A. I. E. E., Dec., 1925, p. 1352.
See complete paper.

8. “Mississippi River Crossing,” by H. W. Eales and E.
Ettlinger, Journ. A. I. E. E, Oct., 1925, first problem in the
appendix. See complete paper.

DWIGHT: saGg CALCULATIONS FOR TRANSMISSION LINES

and that the deflection from the lower support is
9786.91 — 9615.44 — 171.47 ft.

The difference between these deflections s 146.86
ft. which is less than the Inequality in height of the
Supports, namely 185.5 ft. The difference of the deflec-
tions in the oblique plane should, however, he greater
than 1855 ft. In the appendix of the above paper,

the equation £, k cos 6 should he ky

and formula (3) should be k ( -1 ) instead of

cos §
k (cos 6 — 1)
[k = 185.5 ft. and 6 o
= . . and cos = 3_322

Example V. To illustrate the use of a table of hyper-
bolic sines and cosines,

Let H = 31940 in Example IV,

wk 3322 x 2138.28 02

H = 31940 = 022240

sinh 0.222 40 = (0,224 24

inh w(k—n qw

&l " 2H X 022424

235.0 X 3.322
2 X 31940 X 0.224 24
= 0.054 50
w(k— n)

g =0.05447

0.054 47 x 31940
= 2138.28 — W

= 1614.6 ft.
m = 4276.57 — 1614.6 = 2662.0 ft.

The value of T can now be calculated, and it will be
slightly different from 33,000 since a value of H was
assumed as part of the trial and error method.

The complete paper contains an appendix, here
omitted, giving derivations of formulas.

LIGHTED STREETS

The lighting of public streets was originally a private
undertaking, and the first city ordinance was passed
in London in 1414, requiring all citizens to hang lamps
before their doors at dark. Municipal street lighting
originated in 1558 in Paris. Oil-burning lamps were
used till 1813, when gas was adopted. In London
electric street lighting is a development of the last
forty years.

Journal A, 1. K. K.
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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 mueh as possible. Ac-
cordingly, where the phases are separated, 1 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

\YA

Fic. 1—PROPOSED ARRANGEMENT OF BuUS 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 conduectors of
different voltages. If the voltage is not over 250 volts, parallel
straps connected + — -+ — etc., or A, B,C, A, B, C, ete,, 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-furnace work.

C. F. Wagner: The problem of current capacity of busses,
by its very nature, is largely empirieal. Mr. LeClair has con-
tributed valuable experimental data to the general fund of
knowledge on the subject.

1 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 eurve 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 eurrent, 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 1 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 unsymimse trical 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 be an insurmouniable difficulty. In connection with
the magnetic balancers 1 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. It we take a flat strip of copper and
allow it to earry 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, Jounnar, January, 1926, p. 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 awell known phenomenon and whatwe 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 conduetors. 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-
duector 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. currentsanditwas
found that two sets of 4-in.-wide bars in vertical relation with
9.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.

1t 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 eycles. Such
ar 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 inereased 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 [rom unequal
distribution. .

It would seem that with Mr. LeClair’s proposed arrangement
there would be difficulty in taking off conneetions from the bus
bars except those of small capacity.

Mr. LeClair mentions the matter of permissible lemperatures
of bus bars. The rule of 30 deg. cont. rise is, ol course, bhased on
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an ambient berm pern b of 40 deg. 0ont. Lo pive g muximuym
total of 7() dog. sont, (he total beiug win Wo st inve in tiind,
Nn,llu'ull_v, il the wnhiont, jx lower, the Fise may b higher, bug
for a standurd rule, it iy oy Sfo o consider varying ambhiong
temperaty res, Wo must also remombor (hay BWItching doviges
are designed on basis of the AL E E Rule of 30 deg. vont.,
rise and bags sonneetad (o thaosa deviees nynyy, not have a liigl ey
temporatue, Oxidation g mueh more rapid ahove 7() deg. eent,.
than below iy, and it does not, 8OO wise t(, sonsider ap ambient
of less than 40 dog. cent,

. G. Bern (cmmnnnieuwd after culjom-nmont,: lu My,
LeClair's contribution is g statement from which may he inforred
that 7400 am peres is the feasible limjt, for a (iO-c_vcle, three-phase
bus witl double-tiey vertical laminations.

When dealing wit), currents of syel, magnitudes, the question
of support ing the hug structure and jig connections to withstand
abnormal magnetic stresses usually  demancs & more lihery|
spacing of the bys Phases, This is, of course, usnally limite by
available Space, and by the Permissible reactance, ug mentione
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11600 Amp 60 Cycle 3Pphase

Fra. 2—Bys CONSTRUCTION, 10,()0()—AMPERE, 60-CvyeL, 3-Piasy

by Mr. LeClair, By properly Proportioning the design, it hag
been found entirely bracticable to use this construetion for very
much higher capacities withont, heglecting any of the above
factors, and at the same time to make connections in g, conve-
nient manner., Fig. 2 hevewith shows this construction suceess-
fully applied to g bus of 1 1,000-ampere capacity, which, however,
should not he considered as the practical limit. Under some ¢on-
ditions a transposition scheme of equalizing the load in the differ-
ent scetions of the hys has worked out to good advantage without
undue complications.

T. G. LeClair: At first thought it would seem undesirahle
to put copper straps across the lines of Mmagnetic flux, and it
would appear advisahle 1o set up the three-phase hus with the
bars arranged as shown in Fig. 3 herewith. However, after a

e
Vi ) .
}\V / : B\/ N
Fie. 3 . Fig. 4

careful examination of test results, we come to the eonclusion
that, with this arrangement, the ratiop of currents at points A
and B is practieally the same as the ratio of currents at points
A and B in Fig. 4 herewith. The particular ¢ase on whieh we
have the most information from our test results is a hug consisting
of four bars of 8in. by 14-in. copper, in arrangements which
approximate Figs. 1 and 2. In thig case, it appears that the cur-
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ent ab point A gy newrly throe times (e eurrent wh poigg 1 for
aither arenngement.  Phiv moggs thut with (e WEr e Ly
shown in Jeip 3 Mos of the ourront wij be curpied by the bay
facing the contor of the Lrangle and the of haeer D i) eurry var,
little, | g, 4, the outer sdge of el of the bars wil hes e
ing mneh loss eurrent than the innger edge, but they win roduey
tho empernture heegpse thoy uet in (1 nubure of ridintors,
whielis not (he CORCWILHh 6l s Copporof 1ty 4

Ldo nov wish 14 Convey the improssioy that My Wagner was
malking aSnistakon assiunption iy hi Provious wetiely Bonmi
warning s, however, neeessary beeause o MYJority of bysues
will be set P on an arrangement wherein e distribution of
eurrent will he Unsymmetriea),

On the matter of bulaneing curronts by means of magietic
balancers uround the bars, thero aro two differeny Pomnts of vigy
to take. Onge i that ot the mannfacturer of switehboapd s who
has taetory eondit 005 Lo deal with and close contact v ith the men
doing the work. 1y this cass magnetic halancers muy possihly
be used (o advantage. Oyt in the fiold we have different condi-
tions, and usvally the elags or non doing the work i8 one unfamif-
Iar with what is required. ' contact hotween tle engincer
and the construetion en ig not so close, un the uxpense of the
cut-and-try bala,ueing is altogether out of reasgn. Some other
method of balancing ig muceh less expensive and more suList'uct.ory
for all cases.

Dr, Kennelly has brought up an important point in the use

of the terms * dge-effect’” and “skin-effect.” ‘he difference in
the significance of these termg should he made more clear. Fig. 5
herewith wil brobably explain my redasons for using the term
skin-effect, rather than the lerm edge-effect . This figure repre-
sents a single-phase cireuit in whiel, one of the busses jg made up
of laminate( Copper hars and {he other of copper strands in the
form of the cable. In the left-hand hus we all agree thay due to
skin-effect the current iy the outer surface at ' is muyeh greater
than the current at the center, Do Duye to proximity effect the
current at the point I is greater than the current at the point [,
and by following the Same reasoning in the right-hand bus, whiech.
for the sake of clarity, I have made cireular, we should stii] say
that skin-effeet, is the cause of a greater current density at (;
than at I, and that proximity effect is the cause of the greuter
current density in bar J than in har I{. Now, if we arbitrarily
take out the center bar of this hys and consider jt separately
We say that it is no longer skin-effect but edge-effect w hich causes
the greater density at the point G than at point H. Ag] see it,
edge-effect iy y special application of the word skin-effect. Skin-
effect shoulq include any uneven distribution of the current in g
bus or cahle due to the fluy ¢reated by the current in this hus,
while proximity effeet should inelude any uneven distribution
caused by flux in ap adjacent conduetor. Regardless of the shape
of the conductor, whether it be round, flat, or of any other shape,
the unevep distribution dqye to the eurrent in itself then causes
skin- ffeet, and changing the shape changes the amount of this
offect but does not, change it from one tvpe of effect to another., 1
do not wish to state that this ig the best homenclature to use
for all cases, by I think it is time that we sef tle upon one definj-
tion by which we could al} understand each other.

We did not make any test o an arrangement of barg exactly
like that deserihed by Mr., Mauger and by Mr. Bern, but it
appears that they would have some trouble due to proximity
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offect unless the busses were spaced a reasonable distdnce apart.
Of course, so long as we can increase the spacing between phases
and between individual bars of the phases, we may increase the
carrving 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 malie comparisons
of the copper economy to be obtained with this or “another
arrangement.

Mr. Mauger’s points on the matter of permissible tempera-
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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
thev 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
(BAXER 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 coneerning
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-
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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 oceur 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 “Elelstrotechnik und 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 case 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 veloeity of light wave. What would you
answer if he did object?

W. G. Baker: I think it is one of the cases of distinetion 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 produee 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 oceur, 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 magnetic field 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 negleeted 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
conelusions coneerning 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 sinee we do
not lknow where to say it begins, where the maximum is, or where
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it ends, "o effective Neight of the luyer s Judged by g sharp
retleotion theory will, of Gourse, vary with (e wave length,
distance between transmitter gng receiver, ete. (1 short
waves we requirg g relatively large nmount of ionization to hond
the ray buok o eurth.  Therefore the ray il benetrate deep
into the ionized medium before jt roturns to earth. Yere the
apparent height of the lnyer as Judged on ghe reflection theory
may be very preat. On longer waves asmaller ionizatioy density
is suffcient to bend the same ray back to earth 5o that the depth

CIPHER PRINTING TELEGRAPH SYSTEMS!
(VERNANM)
NEw Yorg, N Y., FEnnuany 9, 192¢

L.F. Morehouse: This work on the development of arrange-
ments for secretly transmitting telegrams was done during the
War under the direction of My, Gherardi. The problem was to
see if a simple and effective means that would be entirely secret,
could be devised for handling telegraph business, The method
used should he gyel, that an énemy could not, decipher the mes-
sages even if he coul Capture the mechanism used, thoroughly
understand itg operation, and obtain contact with the line
cireuits,

A large number of systems were studied. Of the many
Suggestions made, the most promising were set up and tested
out in the laboratory. Various schemes for breaking up the
dots and dashes Were proposed, but in the last analysis al) were
found to be unsatistactory. e found in studying this problem
that Mmany methods had been devised. Where me chanieal
devices were used, they involved, sooner or later, a repetition of
If there is such a repetition, the messages can be
deciphered and the real secrecy has disappeared.

Printing telegraph methods were found to be more promising,
The 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 without
repetitions with the result that the cipher becomes impossible to
break. For ordinary business purposes, however, g simpler
cipher using a key that might repeat at infrequent intervals would
be entirely practical and sufficiently secret.

P. W. Evans: None of the bresent military codes or ciphers
offers complete satisfaction in its security, speed or simplieity.
The Signal Corps of the Army will appreciate any assistance or
suggestions which may be offered on this important phase of
our national defense prohlem.

—

CONCLUDING STUDY OF VENTILATION OF TURBO.-
ALTERNATORS MULTIPLE PATH RADIAL SYSTEM:

(FECHHEIMER anD PexnxEy)
New Yorg, N. Y., FEBRUARY 9, 1926

S. L. Henderson: This paper covers the results of a con-
siderable amount of experimental work done subsequent to the
bapers written in 1924 by Mr. Fechheimer and Mr. Bratt. Ag
the later tests were made on stationary models, the constants
could be determined more accurately than on a moving model,
and the accuracy of the equations is demonstrated in the com-
parison between tests and caleulations as given in Figs. 13 and
14. The results of this work are being used in the design of
turbine generators with considerable praectical benefit. On one
design, in particular, it wag possible to shorten the machine
considerably through the use of these equations.

The choice of the number of vents and the division of these
vents into intake and outlet zones is thus made relatively simple.
The number of vents is determined by the veloeity of air required
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in the radipl vents to obtain satisluotory cooling on the sides of
the vent spases. The number of veuls is wluo dotorined 1,
tho width of the iron Duckage botwear, vents which cun he allow e
without baving ap OX00BNIVE temperubu re drop in the puckago.
Bovorn) trinls. a8 in jnost questions of design, must be mude in
order to ubtain the best proportions. AfLor the umber of venty
has been decided upon, the division of these veni mlo intu)
and outlvt zones enr bo carried ou through the use of the equu-
tions in this paper.

A NEW WAVE-SHAPE FACTOR AND METER!
(Doaarrr, 1Tk M, AND Wyirg
NEw Yorx, N. Y., Frunvanry 11, 19206

J. J. Smith: When considering the eltect of harmonies, g
perhaps well to divide them into different clagsses (1) those which
may give rise to resonant conditions or large sireulating currents
on the power eireyit, (2) those which may give rise to telephone
interference, (3) those which may give rise to radio iulerl'orence,
(4) those whigh may give rise to any other type of trouble that
may be discovered. et us consider, foy Instance, the euse of
tolephone mterference, as somewhat similar remarks will apply
to other types of interference, 1 the telcphone—iutert'erence—
factor meter an attempt was made to weight the various har-
monies in aceordance with the experimental data g ailable as to
the interfering effect of each harmonie. A special type of net-
work was designed to do this, and the impedance characteristies
of such a network whieh is used in the telephone-interfe; nee-
factor meter, can be varied, within certain limits at least, to
correspond with any new data which may show that it js de-
sirable to w eight the harmonics differently. In the method
suggested by Messrs, Doggett, Heim, and White, no such ad-
justment is possible.

The method proposed may also be compared with a method
such as the use of the telephone-interference—factor meter by
noting the ratio hetween the maximum and minimum valueg
obtained on machines In actual operation. The T. I. Fs. given
on the machines of Table I of the 1919 Report of the A I.E L
Subeommittee on Wave Shape Standards vary from 11 to 550,
while the ratios given by Messrs, Doggett, Heim and White vary
from 2.746 to 3.724, giving a ratio of 50 to 1 with one method
and 1.35 to 1 with the other.

It is well to remember that direct-current and other types of
machines produce harmonies, and that it is undesirable to
have a wave-shape meter v hieh will apply to three-phase
systems only. Also, in certain cases of telephone interference
whieh have oceurred on systems with the neutral grounded, it is

which is of interest.

I would like to inquire if the authors found any diffieulty in
making measurements on systems on which there were large
variations in load. [Ip making measurements of harmonies on
monies varied with the load over short periods of time (in the
order of one or two seconds). [ wonder if Huetuations of this
nature would not make jt impossible to get a consistent curve
from which to pick the maximum as in Fig. 5.

It may be well to consider the first baragraph of the paper by
briefly considering what aceuracy may be obtained in analyzing
& wave obtained with the oscillograph. Let us assume an
oscillogram has a maximum ordinate of 2 jn. and that the line is
of average thickness, whieh, in order to get a good film, may be
1/20 in. or less. Using a wave mierometer ruled in fortieths of
an inch there is no reason why the values of the ordinates should
not he measured to within half of one division or 1/80 of an
ineh. Thisis an error of 1 in 160 or let us say 0.7 per cent. Ag
the probability is that all these errors will not he in the same
direction, it would appear more proper to take, perhaps, half
of this, or say 0.35 per cent, as the probabhle error in measuring

I, A1 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 Générale de
P’ Electricité 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. L. E. E. Standards, 1922, No. 3274. It would be
impossible, however, to explain them without making a detailed
study of the caleulations which were made in each case. Also,
a comparison of the T. 1. 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: (&)
form factor, (b) peak factor, (e) 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 tactor 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
tactor should be used.

While this new factor gives the greatest weight to the seventh
harmonie, 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 harmonies.

The authors are to be eccmplimented 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
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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 & loss
represented by its equivalent series resistance 7 in addition to its
capacity ¢ the ratio of the voltages indicated with exactly
balanced three-phase line voltages will be approximately equal

L. L 1
to3.732[1 + \/3<——w———rwc )]WhenR = ——. The
R wC

wl
R

tically equal to the difference of the angles of defect (from the
ideal) multiplied by V3. 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

wl

fractional error is then equal to V3 ( —rwc ) or prac-

= .02 at 60-cycles,

Condenser: 1000 ohms, r = 50 ohms

wC

r e = 0.05 (3 deg. approximately)

The fractional error in the ratio will be equal to

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 former value and the error is 0.52 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 2
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
fuctuations. 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

V3 (0.02
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voltages of 90, 105, aud 105, or to $1.3, 100, and 108.7, such of
those groups heing PProxime el y respootive phase voltages
which would result in g 1() per cont negntive-sequenee vol taye,
the differenoe iy line voltages Fesulting in g different phase
angle. I'"he other examplo is based on g, 1 per eent unbalunee due
for oXwmple o voltages of 09, 100.5 and 100.5. Iy zonernl the
unbalunce will bu betweer these Hmits, us the first corresponds
to very poor service voltage while the second will he diftioult to
maintain even under laboratory oonditions.  ¥rom ghe figures

Negutive~s0queuce Voltage m 10 Per cent 1 Por cont

Maximum ratio or readings. . SadD b Wi 6.04.

3.882
Error of maximumn, bercent.. 62 1.0
Minimum ratio of readings. ., = 2.68 3.503
Error of minimum, bercent. ... . L B9 3.7
Maximum average ratlo. .., . Ao o A o 4.022 3.7335
Error of maximum average ratjo, per cent . . 7.8 0.043
Minimum uverage ratio. ... . . ] 3.755 3.7333
Error of minimum average, per cent. L 0.6 0.033

The formuly from whieh these results were caleulated is
ineluded without derivation, for the sake of completeness,
Ratio of voltmeter readings

e e

/ A + —::\ + 2 m cos (60° +!a)
= N
T +Am2 42y €os(60° — o)

—

— : >
I ¢ +%cos((iO°+a)

]

1 + ~:
A ——
1+ A2m2 2 4 mcos (60° — o)

where

A = 3,732,

m = ratio of negative - to Positive-sequence components,

a = angle between c¢omponents in the reference phase which
is taken to be that across which the voltmeters are
connected.

L. A. Doggett: We have been very pleased to have Mr.
Bates attack this problem from his own angle of approach and
not only check our (2 plus v 3) but also show us the method of
eliminating the errors due to the inductance of the voltmeters
and the resistance of the condenser.

So far as the effect of unbalance is concerned we would like to
submit for comparison with Mr. Bates’ figures the data for one

With the same wave and with voltages of
100, 97, and 97. 5, the wave-shape factors, as the terminals of the
wave-shape meter were stepped around, were 3.54, 3.95, and
3.60, averaging 3.697. Experimental study of the effect of

unbalanced voltages indicated that useful results were obtainable
up to 2 per cent unbalance.

Mr. Smith has brought out some of the contrasts between the
telephone—inteI'ference—factor meter and the present wave-shape
meter. He has also covered the question of the accuracy
obtainable from oscillograms. As the wave-shape meter is not 3
telephone—interference-factor meter, no discussion is devoted to
their comparisons. Mr. Smith has deseribed what might he
called the utmost accuracy obtainable from oscillograms. The
results ecited in our baper are considered fair samples of every-
day accuracy obtainable. As to the effect of load bulsations, we
find no diffieulty in getting results while undergraduate labora-
tory work is in full swing.

In conecluding the discussion, it should be pointed out that the

dournal At |l

in:m'menl, made socurate fy the munner deneribyd ) M,
Butes, is purtioularly well udnpted (o hop testing of three-pha

ultervators, whiel have thre exuotly balugeod voltuges, 1ike
the tolephone intorforenee-fue toy meter, this ngge; haw i
distinetive charuotorisic While the T, 1. | meter penalize
the 17th and 19:h harmonics for ¢ vele ultornator the
Pressnt wuve-shiups metor ponwlizes harmonjes of Phawe rotitiog
Opposite to that of Lhe fundumontay).

Lawstly, we find this meter admirably sujted for show ng und
recording changes in alternator wave shape as the ochuracter of the
load changes. Funetioning thus, the wave-shape mger ha
brought to ouy attention some rather remarkable fuets.

THEORY OF THE AUTOVALVE ARRESTER!
(SLEPLAN)
New Youk, N. Y., Fennvany 0, 192

K. B. McEachron: The comparison made by 1), Klepiagn
between the energy to be handled by the valve-type arrester and
the arc-resistance type for equal protection is important. ith
the are type, if the flow of systemn energy following the impulse
IS not to he excessive, it is hecessary to employ considerub)
series resistance with the result that the arrvester’s ability to
discharge the impulse is seriously impaired. To prevent System
current from following the discharge of an impulse through an
arrester, it is necessary that the voltage across the arrester, us the
impulse ceases, be equal to or greater than the system crest
voltage. The modern valve-type arresters are designed 1o
operate on this prineiple.

In his diseussion of the glow discharge Dr. Slepian states
that with an electrode spacing of slightly lesg than 0.001 ¢m. a
voltage of 350 volts is required to Maintain the glow. The
theory yiven states that the voltage required to start the glow is
less than 400 volts and the eurrent density in the glow is about 10
amperes per sq. ¢m. unti the disk area js covered, after which
the gap voltage increases with inereasing current hecoming
38713 volts with 4 current density of 25 amperes per sq. em.
Since the effective ares inside the mieca Spacer is of the order of
15 sq. em. the voltage drop across the air-gap based on Dr.
Slepian’s figures should he constant at 350 voltg with a eurrent
of 150 amperes or less increasing to 387 1% volts with a current
of 375 amperes.

A series of tests covering a period of two years made on these
disks have led the writer to suspect that the voltage across the
air gap during a discharge was not maintained at approximately
350 volts during a discharge.

It was found, for instance, that with 280 voltg (erest) applied
that current would follow an impulse so timed as to strike near
the crest of the 60-cycle wave. This seemed to indicate a volt-
age much less than 350 volts following the impulse since 2%()
volts was Sufficient to cause current flow. With steep-wave-
front impulses, applied voltages as high as 1200 volts were
indicated across a single gap which showed that the breakdown
might be more than three times the glow voltage.

More recently we have been able, using the cathode-ray
oscillograph to determine accurately the volt-ampere character-
Istic of disks with Spacers even when the discharge lasted but a
few millionths of a second. With this oseillograph photographs
have been taken showing wave fronts of less than a microsecond
duration with oscillations whose frequencies were of the order of
100,000,000 cyeles showing so plainly that their wave shape
could he determined. With this instrllﬂl#nt, three volt-ampere
curves were taken on a stack of sixteen disks with fifteen mica
Spacers, each different volt-ampere curve having a diff erent crest
value of current, The disks were then coated with copper on

curve taken from whijch the voltage drop in the disks was deter-
mined for any particular value of current. By this means it was
e

1. AILE E. Journar, 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 ohwms 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 Jess than 10
amperes per sq. cm. that the area of discharge is proportional to
curvent it is clear that the disk voltage is constant for currents
less than 150 amperes, and is aumerically equal to the voltage
when 150 amperes is flowing through the disk. Using this
method of caleulation of disk resistance the curves shown in
Fig. 1 herewith were obtained. The theoretical glow voltage
according to Dr. Slepian is also given. ltisto be noticed that a
voltage of from GO to 700 volts was required to start current
flow through the gap with the particular wave front used. As
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the eurrent increases to about five amperes the voltage rises to
710, S10, and N30 respectively for the thres current waves.
With both of the higher current curves the voltage tends to
remain constant at about S0, deereasing, however, for currentsin
excess of about 100 amperes. When the curreni begins to
decrease the voltage falls off until at low current values the
voltage is less than 100 volts w hich seems to indicate the forma-
tion of an are. 1t 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 anthor’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 ihe re-
sistance of the disks.

If the discharge had the eharacteristies attributed to it by
Dr. Slepian, the voltage across the gap would be represented by
350 volts plus the additional 37 14 volts as the current increased
to 375 amperes. - With decreasing eurrent 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 valuesin
20, 35, and 48 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). 1 should appreciate an
explanation of the formula by Dr. Slepian, and should like to
know 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 miea spacers are as follows:
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TiME-VoLTAGE RELATIONS OF AUTQV.\L\'E Gar
Time to Rise to Breakdown Gap Voltage (Crest)

1 .5 microseconds 665 volts

25 “ 530 ¢
30 5 390 =«
60  cycles 400 “ variable

These results show that in discussing the characteristics of the
discharge between two elecirodes as in the autovalve gap, the
effect of time both before the discharge begins and after it has
started eannot be negleeted.

The tes} results given in this discussion show that discharges
having quite different volt-ampere characteristies from those
given by Dr. Slepian are actually to be found in the air gap be-
tween autovalve disks. These results are use ful not only in
connection with the theory of the glow discharge but also are of
importance when applied to the actual arrester performance in
service. So far as [ know these results are the first to be actually
obtained nnder impulse conditions where the time, voltage, and
eurrent 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.

1. Sleplans The paper which I have presented was written
over a year ago, and in that time there iave been, some unporiauat
additions to our knowledge of the theory of the autovalve
arrester which 1 would like to men! ion briefly before taking
up Mr. MeEachron’s welcome account of his researches.

The autovalve arrester in its functioning depends on the well
eatablished fact that a heavy current discharge between elec-
trodes of resistivity of the order of ten ohms per ei. cm. re-
mains in a high-voltage form for a relatively long time, whereas
sueh 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
are, 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 arc discharge takes place when the cathode
is hot enough for thermionic emission. Then, a difficulty 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 1o a high temperature in a time so short as a
microsecond. It scems necessary to assuine almost immediate
convergence of current into some spot before that spot has be-
come hot. The resistivity of the autovalve electrodes opposes
this concentraiing 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 are. Further
particulars may be found in a paper which appeared in the
Journal of the Franklin Institute for January, 1926.

Another advanee 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 miea spacer. We have known, 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 charaeteristic for impulse voltages.

The points of lowest breakdown in the autovalve gap are
next to the miea spacer, the breakdown voltage there being
usually less than 400 volts. If the mica spacer were not there,
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the breakdown voltage would he niueh higher, depending on the
width of the gap, and for g §-mil Bap would be ahout 1000 volts.
Now it is clear, that with such a 5-mil autovalve gap, it 1000
volts is applied, the discharge does not, need to start at the mien,
but the gap will break down at all pPoints together. Ifor sueh a
voltage then, the discharge may he said to sproad instantly over
the electrode surfaces.  For g fow er voltage the rate of spreading
while still very fast will no longer be instantaneous. Since the
rate ol spreading of the diseliarge determines the rate at which
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the discharge current builds up in the arrester, we may expect a
curve such asin Fig. 2 herewith, with an asymptote at 1000 volts
for the 5-mil gap. Fora 3-mil gap the asymptote will he at about
700 volts.

; Wlhen an impulse current ig sent through an autovalve gap,
the total voltage while the current is increasing is determined
by the rate at whieh the current is increasing. If the current
is inereasing slowly, the voltage will be about 400, but if the
current 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 arresters
with 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 obtained
corresponds to the steady-state glow, but that when the disks are
separated, there is an additional rise in voltage which is neces-
sary to cause the discharge to spread sufficiently rapidly over the
disk faces.

The lowest curve in Fig. 3 is the impulse volt-ampere curve
of 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.

Journal A. 1. [0 |

Coming now to the resulls whicl My, Melachiron has oh.
tuined with the cathode-ruy oscillograph wnd which ave shown in
his Fig. 1, wo see that as regards the magnitudes of the voltage
for increasing current, thore is general agreement, with the results
obtained by Harrington and shown in Figs. 2 and 3. Tt would
seem from theso curvos that M. MeRachron used spacers at
least 0.005 in. thick, which is the upper limit for spycer thickness
tolerated in the commercinl autovalve arvester. Wit thinver
fpacers even hetter performance would be obtained. However,
I' believe that because of the incorroet value which hie bas taken for
the ohmie drop through the disks, the lower parts of Ny,
Mekachron’s curves are in error,

First of all, the eurrent d nsity in the discharge js only up-
proximately 10 amperes per sq. eni., and may actually he some-
what larger. It js probably also not an absolute constant,
and may vary with slight changes in disk composition. Byt
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taking this value, although the whole disk area is not uniformly
covered for current less than 150 amperes, when the curre nt de-
creases to less than this value, the discharge breaks up into a
large number of very small spots which are distributed over the
whole face of the disk. With this distribution of discharge the
ohmie resistance is that of the whole disk and not that of only
part of the disk as Mr. MecEachron figured. Therefore I have
redrawn Mr., MeceEachron’s curves with the eorrect ohmie drop
in Fig. 5.

These curves show three more or less distinet portions—
first there is a higher voltage part where the current is sprearl-
ing over the disk face. Then comes a drop to approximately 350
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volts, where the curve tends to hecome horizontal. The slight
departure from 350 volts is readily accounted for due to un-
c'erta,inty in the disk resistance, since the current distribution
in plated disks is different from that with discharge, and also
uneertainty in the proper value to take for the current density.
Lastly there is a low-voltage part during the last 50 amperes of
the discharge, which is undouhtedly due to vague contacts and
lining up of particles in the gap by the intense field.

These vague contacts which follow an intense discharge
explain Mr. McEachron’s finding a current flow at 280 volts.
By raising the resistivity of the disks this leakage current may he
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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 impulsé breakdown of
autovalve gaps are Very interesting. They show that the
voltage rises to Jess 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,

WV

418/ Tk c0

Taking t = 0.001 sec., L = 0016,0 = 20,¢c = 0.185 and W
— 3500, gives T = 194 deg. which agrees with the curve of
Fig. 9.

IONIZATION STUDIES IN PAPER-INSULATED
CABLES—T'

(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 seientific 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 hefore the British Institution of
Electrical Engineers, ‘‘Dielectric Problems of High-Voltage
Cable”, by Percy Dunsheath, an attempt is made to connect
dielectric loss with dielectrie 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-c. and d-e. 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 Duswes-Hoover paper, one in particular showing the peculiar
knee found at high temperatures by these investigators.

Fig. 2 shows two curves caleulated 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. 1. BE. E. JournarL, April, 1926, p. 337.

DISCUSSION AT MIDWINTER CONVENTION

577

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 inereasing
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
conduetion 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 ionie 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 factor with increasing stress.
This phenomenon holds until a point is reached where ionization
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of the higlw.r—pn-unnm air in the iusulation js somplete. ¢ ()e
ntzation took place ut the sune voltage for large majority of
the air fthns, wo would expogt gy sharp inerease of Power fagtop,
1t is possible that the tonization point for various filyx may differ
80 much thyt 4 gradual yuthep thay sharp inerease of powar
fuotor oeonrs. This effeet iy of gourse Roverned hy e relative
wmount of air o insulution, the wverage pressure of those aiy
tilms and the lea kage churuol,..n-istvio of the baper insulation. We
should not oxpect to fing this Phenomenon jn &4 onble the
paper insulation of which hagd quite high leakape charactorjstigs

Tests on I mpregnated.- Paper Sheets. Power-tastor tests  on
sheets of vasuum-dried ang Inpregnated baper were ma(,
with a high-voltage bridge in order Lo check the previpys conelu-
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sions. It was thought that tests on single sheets of paper in
very close contaet witl the electrodes would show the character-
isties of the paper insulation itself, Then, using more than one
sheet, tests could be made with air films between.

The curvesin Fig. 3 show the results of these tests,

In no instance was a Veurve obhtained with a single sheet of
paper. Two and three sheets of baper, when placed loosely
together and tested, gave decided V curves of hoth the gradual
and the sharp tvpe. With three and four sheets of paper,
sufficient stress could not be ohtained with the voltage available
to reach the critica) point in the power-factor curve but the start
of the V curvewas obtained in eacl instance. The application
of pressure to the upper electrode when testing multiple sheets
changes the character of the curves very much. In Fig. 3, when
two sheets are tested under bressure, the V curve s partially
eliminated and the voltage at which lonization takes place is
increased. With three sheets under bressure, the V curve is
eliminated completely. In the case of four and five sheets,
sufficient pressure was not applied to remove the V curve
completely but the dotted curves shown seem to indieate the
tendeney for this to take place.

W. A. Del Mar: The paper by Dawes and Hoover contains
a wealth of experimenta] material which requires considerable
detailed study, and it is difticult to comment upon the results
without knowing more about the materials worked upon. For
instance, cables impregnated with different types of compounds
would probably show different characteristic curves. 1 think
that the value of the paper would be increased ery much if in-
formation were given regarding the type of compound used in
the cables for which curves are given. For instance, whether the

Jowsnnl A | I, |
sompounds are soli or liguid at the lmpsratyres 4 whioh the
SAPertments wore mude, and so on,

I noties thay most of the CXpErIments, if ngg all of {hem Wor:
mikle with stnglo-cond ety oublos,  Som. Futher Hiteresbing
work whiceh My, Hanson has bee doing wnd ajug Bome which hgs
heen done in Englang und recorded iy the erpent Jourpa) of the
Institution of Electrieal | ngineers, l;nglund, Indieate that i
thro conductor cables, g lurpe Proportion of 1}y lors whieh
oacours at the higher voltuges geenyr mothe fillem and if the
fillers are omitted or rapluceed by som matoriul whicly §y not
the same charweteristies a8 the ordinary PUper erope, thos jg
oan prasticully he oliminated and (i lonizatio Ourve, — that ix 1
say, the voltage-powey fuctor ourve, beeomesy irtunlly u horizon-
tal line between siresses of 20 volty and (00 volgs ber mil, whiel,
are ahout the liity i Kig. 5 of the paper,

It would theretore seem that the work whiel the authors have
done needs 1, he somew it amplified by ar analysis of jyst tho
purts of the cahle i), whieh the prineipal losses oeeur, at the dif-
ferent vollages. |t jg Possible that by sueh an unalysis, steps
could be taken tq reduce these losses at the higher voltages

Anyone who las done any laboratory work of this kind wij|
appregiate the immenge amount of Painstaking, careful work that
Prof. Dawes and Mr. Hoover have done ip this paper. Never-
theless, T am not entirely convineed that their carves represent
insulation charaeteristies to the exclusion of test-apparatys
idiosynerasies. When, how ever, you look at the eurves and
Compute the numbey of experimenta] points they have made,
the worl appears to be really prodigious, an even if some
corrections shouyld have to he made, the authors are to be con-
gratulated upon thejr results,

R. W. Atkinson: I have been interested ip bridge measyre-
ments ever since ] beeame connected with the cuble industry,
and last year bublished in the Llectric Journal a deseription of
the method we are Now using and gave » brief description of it
n a diseussion hefore the Institute. The bridge that has heen
shown tonight, and the one T deseribed are about as different
in general construection ang Circuit as two instruments both
of the bridge type could well he and yet serve the $41De purpose.
Yet I am interested o hote that they hoth have certain funda-
mental eharacteristics and attain final p sults equivalent i
many respeets.

The sensitivity of the two types is hearly the same, so far as
I can judm from the figures given in the paper, and the voltage
i These
are fundamenta) parts of the whole problem of preecision measure-
ments of dielectric losses. Ag Prof. Dawes has pointed out,
it is very desirable indeed to have the voltage drop across the
resistance iy series with the measured condenser very low so that
no difficulty wil) be experienceq from the effects of the capaci-
tance to groung of the detector and eertain other parts of the
cireuit.  Hijg instrument ang mine are closely alike in this
respeet and have g very mueh lower drop than in the case of any
other dielectric-loss—measuring deviee of Comparable sensiti 1ty
that has heen deseribed.

Some fundamental differences between the two bridges are
these:— My bridge uses an a-¢. galvanometer as detector;
Prof. Dawes uses a vibration galvanometer with vacuum-tube
amplifiers to get the same result.

The vibration galvanometer requires accurate frequency which
1S not always convenient where g commercial eireuit supplies the
power. The a-¢. galvanometer requires an auxiliary source of
current {o supply the field at the same frequency as that supply-
ing the measured condenser,

An advantage of our bridge over most other devices for
measuring dielectric loss is that it is 50 arranged that when
balance is obtained, the bower factor may be read directly from
the dials,

There is one difference between the two insl-ruments, whieh is
a very important one and is in favor of the a-¢. 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 a-c. 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 balance
does 1ot have to be made nearly so aceurately as it would other-
wise have to be. Thisis very significant because it permits meas-
urements to be made mueh more rapidly than with the other

type.
E. S. Lee: With reference to the Dawes-Hoover Dpaper,
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. Thisis 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
worl has been carried on for this past year with great success.

Prot. Dawes says: “‘On one occasion after completing a 60-cyele
test, we found that the 925-cycle losses were greater than the 60-
cvele losses even though sufficient time had been allowed for the
cable tc 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
tound 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 1s,
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.

1 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
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power factor must inelude 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
dielectrie, but I think if we remember that the loss v aries quite
pearly 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
jonization exists, particularly since the djelectric 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. Kouwenhoven: 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 High Voltage Plate )
Air Condernser
"~ Low Yoltage Plate
( Low Yolfag e )
Shreld Shield
| Lead o Low Yoltage
Plate
Shield (Pjpe)
»
o ' &——> Jo Galvarometer
5 3
J7H g
S 3§ ) S
sS85 3§
L 5L &8
Fia. 4

we have found it necessary to shield the air condenser and its
leads as shown in Fig. 4 herewith, whieh 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 eharging 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 with the qQuadrant eleotrometer at Johus Mopking University
we have followad the practise of determining the accurasy of (he
apparatus. Jp making this chuek we first easure the loss ji g
pecimen and ther insert o known non-induetive resistance in
series with the specimen, and moasure the loss agnin. We
detormine the ourrent in the spesimen eireyiy, aud oaleulate the
loss in the added resistance. [If (e apparatus is functioning
correstly the loss ip the added resistance should oqual the
dilference betweon the first and second loss measurenients.

W. F. Davidson: | desire to cull attention to certain lhnita-
tions of the method used by Dawes and Hoover and, indeed, by
most otheyr investigators, We are dealing here with a conmposite
sulation which is stressed to syel values that ionization
reaclies considerable Proportions. Ag 4 consequence, such

and not only vary with the effective value of the impressel
voltage hut even vary oyclically. Whitehead, Peel, and others
have called attention to the distorted eurrent wave of corona.
which is merely another way of stating that the capacity and
resistance are not constant.

Under these conditions the observed data, and with them the
computed data, will depend upon the method of measurement
& wattmeter method will give one result and bridge methods

To illustrate this, assume that the impressed voltage is not
distorted in any way and that we have a reference ‘‘no-loss’
cireuit as well as the circuit containing the test specimen. ’T'he
voltage and the two currents may he written in the form:

e --E[Alsinwt+B100swl}

i1=11[a|sinwt+l)1GOSwt] .
2= [y [ay sin w ¢ +Brcoswt + . . apSin n wt + Brncosn w i
and
A13+B12=1, 012+b12=1, a29+622+. - -an2+6n2=1
In the test eireuit the true power will be

W= E;‘* (41 a2 + B, By)

since the over-tones in the eurrent wave have no corresponding
element in the voltage wave and hence do not contri bute toward
the average power,

If the measurements be made with g wattmeter (dynamometer
or electrosta-tic) with an ammeter and voltmeter, the observed
and computed results will be:

Potential difference = f/ V2r.m. s volts

Current = 1./ y2r. m.s. amperes
Power = E212 (A1 a2 + B, B,) watts
Power factor =41 a: + B, B,
Resistance = . (A1 a2 + B 8y)

I,
Capacity =

E o \/;1 = (A1 a2 + B, 8,)2

If the measurements be made with a bridge using a tuned
vibration galvanometer or a dynamometer with fields excited at
the fundamental frequency, the results would be as follows if the
measured voltage and standard capacity are used:

Potential difference — E/y2r. m.s. volts

I, s
Current = 72 Va4 3,2
E T
Power = Tz (41 a2 + B; By)

A'z (£ 4] + BIB'Z
Vv a? + (2

Power factor =

Journal A1, 1

. 7 Ay as + 14,8,
It@sistance /. Vagi 48,1

l1 (ar + B,

5w, y(as +Bzz) Ay ay 4 14, f34)2
These resuls dopend on the fuct Lhat the bridge will ouly balunee
the fundumentyl componont of ¢, wguinsg tho reference eireuit,
In a bridge measurcinent, seouring balance with a hot-wire or
other untuned detostor, it wil he impossible to seoure ap oxuot
balunoe and the observed values will differ in many points
from thoge above,

In closing, 1 should like to Suggest that we have reached a
point in our researches where it seems essential that we copsider

ok
0/

tunately the meuns for doing this are already at our disposal in
the cathode-ray oscillograph.  The JounNar of the Institution
of Electrica) Engineers for November, 1925, contains three
excellent papers dealing with this powerful tool of ¢he modern
investigator into dielectrie phenomena,

G. B. Shanklin: Several years ago I made a special study
of the subject of “lonization in cables,” and as g co-author
submitted some of the findings in Institute bapers. Our work
dealt largely with “eause and ffect” from g, praetical standpoint,
No quantitative nor qualitative analysis was attempted. The
work, in conjunetion with that of contemporary workers, re-

Capacity

instantaneous value and not average values. Wor.

Recent advancement in the voltage rating of cables is based on
the priueciples demonstrate( by this early work,

A more expert and systematie study by qualified physieists and
research engineers familiar with the electron theory has long been
needed. Thig excellent paper by Messrs. Dawes and Iloover

tive basis,

Their present results are not, only a distinet advancement but
are in good agreement with oyr Dprevious work, as far as it went.
By using a length of ordinary impregnated paper cable with 3
special loose sheath, we obtained eurves very similar to those in
Fig. 7 of the paper.

under the loose sheath was obseured by simultaneous ionization
through the thickness of paper insulation. The use of a model
cable sample enabled them to obtain mueh more aceurate data,.

Change or shifting of lonization curves, as shown in Fig. 9,
1s, as they state, a function of time. I agree that residual or
free ions, after the voltage is reduced, are the maijn contributing
cause of this, hut do not agree that absorption or higher in-
Instead, there
appears to be a factor discovered by J. J. Thomson and called
“lonization pressure,”’ which ig important. When the gas
spaces are first ionized, thig “ionization pressure’’ pushes the
softened compound baclk, resulting either temporarily or per-
manently in enlarged gas Spaces. A particular cable might
operate indefinitely at normal voltage without ionization, hut
if a momentary over-voltage, such as produced by a switching
surge is applied, ionization might persist for some time after the
voltage drops back to normal. This s, in-effect, exactly the same
characteristic shown in Fig. 9,

The irregular shape of the first section of the high temperature-
power factor clirves, as shown by Figs. 11 and 13, is, I have
believed for some time, due to the liquid nature of the compound.
Some form of lonie conduetion through this liquid is apparently
responsible, for these beculiar shapes are obtained only with
liquid filling compounds. I have seen the same type of curves
obtained at room temperature when 2 thin oil is used for
lmpregnation.
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On the fourteenth page the authors make the statement:
«Jt has been recognized for some time past that, although the
paper itgelf has lower dielectric strength than the impregnating
compound, the dielectrie 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 ecombination with air has less strength than when in
combination with compound. MThis is evident since compound
lhas greater strength than air. Actually, cellulose in pure form
is an execellent insulator, and this is why paper, acting as a
barrier, improves the dieleetric strength of the compound.

Their theory of the formation of tree designs seems very plau-
sible. Certainly, it must be due to tangentinl 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
between 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 conelusion.

J. B. Whitchead: 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 whieh we have not.
Dr. Kouwenhoven has called attention to one of our greatest
ditficulties, that is, the sereening 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 vesistance in the tail of the guard eircuit. I presume he
has solved that difficulty, or perhaps liis 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 inerements 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
refevences 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 are. 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 case 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 raysand 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 ecomputed
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 veloeity of ions in the air, and the
potential gradient and the frequeney, and so on,a very simple
calculation. The value of the phase difference in this case
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works out to be 4 X 107% This is far below the figures which
Messrs. Dawes and Hoover have given and indicates a negligible
phase difference.

1 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
jonization is extinguished at every half wave, as the voltage goes
down Delow the critical value. We have every reason to sup-
pose that at such frequencies as we are using here, theve is
complete extinction, every half wave. As a consequence there
arises the question of the vecombination 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 eondition due to a limited air area, beyond
whieh 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 proecess
of ionization itself, the actual collision or the knocking apart
of compouent parts, and then on top of that such conduetivity
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 aseending 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 whieh 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 eable 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 whieh 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, 1 have photomicrographs whieh 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 magne tic 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 putin. .

We are very glad Mr. Lee pointed out the fact that we were
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onrrying the operuting range of the cable ahove the ordinary
operating voltage. 1t jg necessury Lo do this, howevey, in, ordor
to study the pheuomeua. Wo are Studying ionization el
aiud we are 1,4 ntlempting to obtain the ordinary commeroin)
Surves whigly have beon published o whieh are r adily obhtain-
able iy many manufactireys’ laboratories.

My, Davidson brought ont, the faet thay the current is (i
torted by the variable faetors in the eivenit, W, have Lad thay
in ming for some time, an( Mr. Hoover and 1 have diseussed
the Pussibility of obtaining oscillograms of the charging curront,
through the cable. That is one of the details which we have set
aside unti] 4 more opportune time ecomes to make an Investiga~
tion in that particulay direction. J will state, however, that ip
some of oy eurly experiments the man who wag doing the worl
at that time told me that he had obtained g Power factor of
Something Jike ( | pbor gent. [ questioned it very mueh, and on
further Investigation I found that, he was using as g souree the
commereig) lighting circuit, and he had not become familiar with
the galy anometer, and inadvertently he tuned in for the third
harmonic; In other words, he wag balancing up the third har-
monie and in hjg caleulations he obtained g bower factor which
Was one-third of what he should have obtained.

P. L. Hoover: | will reply firgt to Mr. Atkinson’s statement
that in balaneing g bridge “‘it ig necessary to secure g very
accurate capacity balance before the bower-factor halance can
be obtained.” It can be shown mathemutically that this effect,
1s inherent n the bridge ang does not depend on the type of
measuring instrument used. Furthermore, with the Wien and
Schering bridges it €an also be shown that the power factor,
as determine( by a minimum deflection of the detecting instry-
ment, may he iy error by 50 or 100 per cent if the capacity
balance is out by about one ber cent. Thijs effect does not enter
in the bridge nseq for this mvestigation. With this new bridge
an aceurate capacity halance ¢an not be ohtaine if the power-
factor bhalance 1s out very far. The twe balances must he oh-
tained simuitaneousiy.

Furthermore, an amplifier is pot necessary with this bridge
although it helps considerably at the lower voltages if the sample
Is smal]. At higher voltages, above 25 kv., the amplifier is not
used.

The question raised by Professors Kouwenhoven and White-
head concerning the grounding of the condenser shield through a
resistance ig interesting in that it points out another advantage
of this new bridge over the Wien ang Schering bridges. Since,
with the latter bridges, it is ecessary to make the capacity
balance to extraordinary Precision in order to get a fair DPrecision
in the Dower-factor balance, it ig essential to maintain the guard
ring or shield at exactly the Same potential as the Iow-vo]lage
electrode of the .condensey. Otherwise the effective Capacity
of the condenser wil] change due to the change in the potentia]
distribution within the condenser. This effect is largely elimina~
ted in this new bridge since the power-factor balance does not
depend upon such a eritical balance of the capacitances.

It should alse be noted that the resistance in the shield eireuit
is not a constant, neither is jt equal to the resistance in the
other arms of the bridge. If C,and C; represent the capacitances
of the Iow-voltage electrode ang the shield respeetively, an(
R; and R; the resistances in series with these capacitances, then,
for the shield to be at the Same potential as the Iow—voltzige
electrode the shield resistance must beR, = R, (C1 ). Con-
sequently the resistance in the shield must be changed every time
the bridge ig changed. With the Wien and Schering bridges
this effoet is very important and accounts for Prof. Whitehead’s
observation that a small change in the shield resistance may
change the Power factor by 50 to 100 per cent.

sufficient shielding of the lead from the low-voltage electrode of
our air condenser as Prof. Kouwenhoven has pointed out. In
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our particular e, thero wak hagnetio Soupling ny well 5 eleo-
Lrostatio.  8hi Iding  corrcetey the difffeulty puq our ajr
condonser now has no moensurable logs.

ILLUMI\-\'I'I()N I'r'emMs
By Committee on Produetion ang Application of Light
THE L1GHT-CoLok PLAYER'

If, by a person seated at an instrument, Hlumination
could he as flexibly anqg delicately controlled assoun can
be by one seated at g piano, is jt not conceivahle
that we shouyl( have a new method of €motional expres.
sion which might ultimately become a rjvg) to music,
or at least a valuahle and glorious accompaniment to jt?

While the main problem involye in designing such
an instrument has always heen the flexible and continy-
Ous grading of the intensity of tHlumination from
darkness to jts highest pitch, and vice versa, of course
the problem of color-play at Once assumed jtg inter-
active Importance, Color is so wonderful g phenom-
enon in the act of seeing that it could not he ignored in
the attempt to €Xpress emotion through the sense of
vision; such 5 source of highly pleasurable sensations
must be taken advantage of. And yet the injection of
color-play has tended, in the popular mind, to obscure
the ful] appreciation of what light-play is.

Through long assoclation with lighting effects on
the stage, or by watching moving picture screens,
one naturally thinks of color-play on Screen or stage,
as being something at whjel an audience wouyl( sit and
look. It is true that colors may he most beautii'ully

versely, to €xpress most fully the emotions of the
performer, the illumination of the whole Interior
must be played upon. i

Is all bervading, surrounding the whole person and the
whole assemblage of persons. If the highest expression
of this new gart IS to be conveyed a play on that all
enveloping illumination must be secure(,

*From a baper presente( before 3, meeting of the Philadelphia
Section of the Illuminating Engineering Society, Jan. 26, 1926,
by Mary H allock Greenews] t.
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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 s
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 1ts 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
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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 1s 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 technieal subjects, the choice of a charming
location, and enjoyable recreational features mark the program
for the Annual Convention of the A. L E. E. whieh will be held
at The Greenbrier, White Sulphur Springs, W. Va., June 21-25,

TECHNICAL SEssIONS

The technical papers cover a broad range of subjects and the
reports of the Technieal Committees will describe the important
developments which have occurred in the various fields of
electrical theory and application. The papers will include the
subjects of the theory of synchronous machines, non-harmonic
alternating currents, a-c. cireuits, dielectrie breakdown, rectifiers,
magnetization, heat transfer in machines, auto—transformers,
electrical measurement of mechanieal vibrations, remotely
controlled substations, high-speed cireuit breakers, regenerative
braking and windings for d-e. machines. The accompanying
tentative program gives more detailed information on the
technical features.

TEE ATTRACTIVE Locarion

No finer place than the Greenbrier at White Sulphur Springs
could have been selected for the convention. This magnificent,
modern hotel is located in the Greenbrier Mountains 2000 feet
above sea level in most attractive surroundings. Small cotltages,
close to the main hotel, are available for those who desire them.
There is every opportunity for outdoor sports and recreation,
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(Mose to the hotel there ure two IS-hole golf ctourses which nre
among the finest iy {he coundry and also o #plendid nine-holo
courge.  lixcellent tenijs courts will be availnll and both golf
and tonnis Lournamants are planned,

A swinumning pool, 40 by 103 ft. in siz aad fod from one of the
large springs, is anot ber attraction at thig hote].

A fino stable of thoroughbred Lorses ig mainutained there gnd
those interested may enjoy horsehack Yiding on well kept trails
over the mountain ridges througl very hewutify] seenery,
Also automobile driving is very enjoyable in thi country and
many people motor to the Gireenbrier from New Yorlk, Phily-
delphia and Washington.

Srecian A DDRESSEA

An interesting feature of the meeting will be the addresses
on three organizations which play an important part in the
electrical industry, namely, the International Electroteclnien]
Commission, the American Enginerring Couneil and te Amer-
ican Engineering Standards Committee. The speakers will he
C. H. Sharp, President of the U. S. National Commitles of the
LE C,L w. Wallace, Executive Secretary, A E. C., and C.
E. Skinner, Chairman A K S C. Many members wil| he glad
to hear these talks on the objects, organization and activities
of these hodies.

REcrEATION

The recreational side of the convention ig receiving special
attention and ¢ very alternoon will he free for sports and pleasure.
There will he a reec 'ption and dance on Tuesday evening of the
convention week and daneing will he ¢ njoyed on other ey enings.

The ladies will he especially weleome an(| many plans are being
made for their enjoyment.

SEcTIiON DeLEGATES’ CONFERENCE

During the morning and afternoon of Monday, June 21, a
conference of the delegates of Institute Sections will be held under
the suspices of the Sections Committee, hut all interested are
welcome 1o attend.

REGISTRATION AND HoTgL ACCOMMODATIONS

It will be appreciated if those who plan to attend the con-
vention will notify Institute lleadquarm-s, 33 W. 39th Street,
New York, as soon as possible.

Hotel accommodations should he reserved hy communicating
directly with The Greenbrier, White Sulphur Springs, W. Va.
A list of rates is given below.,

RATES pER Persox AT Tug GREENBRIER
Cost of Meals is Included

Single room without bath.... .. . . . . %9 .00
Single cottage room with use of bath

(average five rooms per cottage with two

or three baths) . $10 00
Double room (twin beds) and single room with

bath between... . TN $10 .00
Two double rooms (twin bheds) with bath

betmeen. y u. i yian. L S $10.00
Two single rooms with bath between. . . . %11.00
Double room (twin beds) with bath .. 811.00
Single room with privatebath. .. .. 312 00

Repuced RarLroap Rates

Special railroad rates have been granted for those wlo attend
the convention. These rates are available under the “certificate
plan” i
certificate when purchasing his railroad ticket to White Sulphur
Springs. If 250 certificates are deposited with the Transporta-~
tion Committee at The Greenbrier, each certificate holder is
entitled to half-fare on his return trip over the same route.
There are certain restrictions as to some limited trains, date of
travel, ete., on which informatjon should be obtained from loeal
ticket agents.

-
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Every meniber and guest should gel a cerltficale whether or not
e will use it. This will jnsure that those who want to take
idvantage of the reduced fare will not be deprived of the
opportunity.

The following table shows the schedules on trains arviving in
the morning in White Sulphur Springs frowm 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 parior-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. Mever, W. E. Mitehell, A. M. Schoen and
H. B. Smith.

SCHEDULE OF TRAINS ARRIVING AT WHITE SULPHUR
SPRINGS IN THE MORNING
FronM THE EasT
Lv. New York, Penn. Sta. . Penn. R. R.. 5:45 p. m. (E.S.T)
Lv. Wesl Philadelphia. Penn. R R 7:53 p.m. (E.8.T)
Lv. Wilmington . Penn. R. R. §:34 p. M. (E.S.T))
Lv. Baltimore ... Penn. R. R. 10:00 p. m. (E.8.T))
Lv. Pittsburgh » .. B & O Ry 12:55 p. m. (E.8.T.)
Lv. Washington . ..C. & O. Ry. 11:20 p. m. (E.8.T)
Ar. White Sulphur Springs. .. O & 0 Ry 7:25 a. m. (E.8.T)

This train carries through Pullman slcepers from New York.
From THE WEST

Lv. Chicago. . . . Big Four Ry 1:00 p. m. (C.8.T)
Lv. Indianapolis. . Big Four Ry. 6:15 p. m. (C.5.T)
Lv. 8t Louis. Big Four Ry. 12:00 Noon (C.8.T.)
Lv. Detroit. Alich. Cent. Ry.. 12:20 Noon (E.8.T.)
Lv. Toledo Big Four Ry. 2:00 .p m. (E.8.T)
Lv. Louisville C. & 0. Ry. 6:00 p. m. (C.8.T.)
Lv. Cincinnati. . C. & 0. Ry. 0:10 p. m. (C.8.T)
Ar. White Sulphur Springs C. & 0. Ry. 8:40 a. m. (E.S.T))

This train carrvies through Pullman sleepers from Chicago. St. Louis,
Cincinnati and Louisville to White Sulpbur Springs.
E.S.T = Eastern Standard time C.8.T = Central Standard time.

TENTATIVE TECHNICAL PROGRAM
Tuesbay MORNING, JUNE 22
President’s Address, Dr. M. 1. Pupin
Presentation of A. I. E. E. Prizes for Papers

Developments in Electrical Engineering as deseribed in the reports
of the Technical Committees and of the Standards Com-
mittee as indicated below.
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Research, J. B. Whitehead, Chairman.

Electrophysics, J. H. Moreeroft, Chairman.

Education, Harold Pender, Chalrman.

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. N Hobart, Chairman.

WEDNESDAY MORNING, JUNE 23

SEssioN A
Synchronous Machines (Extension and Interpretation of Blondel's
Treatment), R. K. Doherty and C. A. Niekle, both of
General Electric Co.
Non-Harmonic Alternating Currents, Fredericl Bedell, Cornell
University.
Graphical Solution of A-C. Circuits, F. W. Lee, Johns Hopkins
University.
Session B

Remote Controlled Substations, V. C. Blackwood, N. Y. & Queens
Elee. Lt. & Pr. Co.

The High-Speed Circuit Breaker in Railway Feeder Networks,
J. W. MeNairy, General Electrie Co.

Regenerative Braking for D-C. Locomolives,
Jr., General Electrie Co.

Multiplex Windings for D-C. Machines, C. C. Nelson, Massa-
chusetts Inst. of Teehnology.

Alfred Bredenberg,

Tuurspay Morying, JUNE 24

Developmends in Eleclrical Engineering as deseribed in the reports
of the Teelinical Committees indicated below.

Power Generation, V. E. Alden, Chairman.

Poiwer Transmission and Distribution, P. H. Thomas, Chairman.

Prolective Devices, E.. C. Stone, Chairman.

General Power A pplications, A. M. MaeCuteheon, Chairman.

Applications lo lron and Steel Production, F. B. Crosby,
Chairman.

Applications to Mining Work, F. L. Stone, Chairman.

Applications to Marine Work, L. C. Brooks, Chairman.

Transportation, C. T. Hutehinson, Chairman.

Electrochemistry and Electrometallurgy, G. W. Vinal, Chairman.

A. L. E. E. CoxveExTiox HEADQUARTERS—GREENBRIER HoTeL, WHITE SULPHUR SPRINGS
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Fripay Morning, June 25

The Mechanigm of Breakdown of Dielectrics, p. 1.
Harvarq Uuiversity.

Hoover,

Sessron B
Law of Magne/izatiou, S. L. Gokhale, General Kleetrie (o,
Surface Heqt T'ransfer ¢n Electric Machines wig), Forced Ay llow,
0. E. Lulke, Westinghouse Elee. & Mfg. Co.
General Theory of the Auto-'l‘ransformer, W. L. Upson, Washing-

ton Universj ty.
———
The Niagara alls Regional Meeting
As we go to Press with this issue of the JOURNAL, the Regional
Meeting of the A. 1. E. . al Niagara, Falls, N. Y., is convening
for its first session. The number of early arrivals registered
indicates an unusually good attendance, ang the diversified
Program and excellent weather conditions whiel, prevail presage
a most, interesting and enjoyable time for hotl, the indoor and
outdoor features of the meeting. Tle program was published in
full in the May JOURNAL and preliminary copies have heen
mailed to all the membership in- the eastern part of the United
States. A complete account of this meeting wil] appear in the
July JOURNAL.
—_—

Regional Meeting Held at Madison

The first regional meeting of the Great Lales Distriet of the
Institute was held in Madison, Wis., May 6 and 7, with head-
quarters in the Hotel Loraine. 1t Wwas most enjoyable and in-
structive to the one hundred eighty who attended. There
were three wel] attended technica) sessions, g regional dinner,
and a number of interesting trips.

At the firgt session on Thursday, May 6, two papers were
Presented, namely, Ruyraq] Electriﬁcalion, by G. C. N eff, and
Important Features of a Successful Plan for Rurql Electriﬁcalion,
by G.G. Post. i Included

Three papers on high-volta.ge cable were bresented Friday
morning. These were as follows: 7, Quality Rating of High-Ten.
ston Cable with Impregnated Paper Insulation, by D. W. Roper
and Herman Halperiu; Tests of Papér-lnsulated, High-Tension
Cable, by F. M. Farmer; and 7he Lffect of Internal Vacuain High-
Voltage ¢ ‘ables, by W. A. Del Mar. These papers were received
with great interest and extended discussion followed. Those
taking part were: R.W. Atkinson, W. S. Clark, E. S. Lee, D. M.
Simons, R. J. Wiseman, H. G. Burd, 8. J. Roseh, Perey Dup-
sheath, &. C. Willman, F. A. Brownell, and E. M. Tingley.

Following these papers F. G. Boyce presented
was
discussed by D. W, Roper, H. J, Burton, Carl Lee,and R. L. Dodd.

A session on Cooperation between the Colleges and the | ndusiries
i Papers on this topie
were read by the foHowing: W. E. Wickenden (read by J. T.
Rood), A. A. Potter (read by C. F. Harding), B. F. Bailey whose
baper was entitled Can the University Aid I ndusiry?, and Edward
Bennett whoge baper was entitled Seminars for Practising
Engineers. Those contributing discussions were E. B. Paine,
John Mills, S. H. Mortensen, J. S, Coldwell, I'. |. Tourneur,
and C. F. Harding.

L. J. Peters then presented g baper on Behavior of Radjo
Receiving Systems to Signal and o Interference which was dis-
cussed by Prof. Edward Bennett.

An enjoyable feature of the meeting was the regional dinner
held on Thursday evening. A very inspiring address was made
by Dr. Glenn Frani, President of the University of Wisconsin.
Dr. Frank drew attention to the bresent sociological and eco-
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nomic problems of thig country and sugrestod gy possible
remedios two courses of nction, "Phe first he callod o “new
scientifie renaissance” which eould be accomplished by making
the knowledge of researchers iy gl) lines of seionee availhle
for general uuderslzmding and praotical y tilization. The second
remedy he called o “new industrigl revolution.” e main
lines of action in sueh
decentralize imluﬂtry, (2) to rogularize produetion angd distriby-
tion, elimi i ivi (3) to reduce
unemployment, 4) to allay the inuecurity of the labor elyss,
In elaborating on these propositions Dy, Frank Buggestod as
one means of accomplishing them, the small factory making
standardized parts and situated jp farm territory whore lahorers
might alternate between farm work and factory work,

Meetings of the Braneh Counselors of the Distrigt, were feld
on Thursday and Friday at whiel were present, (i counselors
of ten Branches and several othey professors who ware interested.

Many of the visitors took the trips which were arranged ip
and around Madison and a number also found time to play golf.

Student Convenii?);l Held at M. 1. T.

A convention of enrolled students of the Northeastern Distriet
of the A. 1. K. k. was held at l\laﬂsachusetbs Institute of Tech-
nology, ( -ambridge, Mass., on May 7. The meeting, which wag

There were three
technical papers presented and a number of inspection trips were
made. A banquet was also given.

At the techniea] session in the morning, at which S, A. Tucker,
Chairman of the Yale Braneh, presided, the following papers
Were presented: D-¢. Transmission ('onside/'alions, by S. w.
Marshall, M. 1. T. graduate; 4 Phase of Distribution Engineering,
by O. W, Briden, Brown 1926; and Electrical Characteristics of
Richmond Station of the Philadelphia Electric ( ompany, hy
Constantine Barry, M. 1. T 1927.

At the banquet

nology, welcomed those present in 5 short talk, after which three
addresses were made. Dr, M. I. Pupin, President of the A, 1.
E. E., chose as Science and Engineering. He was
followed by Prof. C. F. Scott, Yale University, who spoke on
How Studen: Branches Came tnio Being, and R. E. Doherty,
Consulting Engineer, General Electrie Company, who spoke on
Employment wit) a Large Manufacturing Company.

Establishing of Louisville Section
A meeting was held on May 13 in Louisville, Kentucky to

a meeting to be held in
Those named on the committee were, E. D. Wood,

i Louisville Gas & Eleetriec Co.
and D. C. Jackson, Jr., Professor of Mechanieal and Electriea]
Engineering at the University of Louisville.

formalitieg
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Cummings C. Chesney
PRESIDENT-ELECT OF THE A. 1. 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 Oreat 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
8. 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
suceess 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 3 true sine wave. Ag early as 1896 alternating-current
generators of 6000 volts with control equipment were put into
suceessful operation on the transmission line of the Mont-
moreney Iilectric 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 wero
developed, electrostatic condensers at 500 volts and eleetric
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 inte 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-
mereial service. Switeh-
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 1in
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
viee-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 Lilectric Company, which ecompany had acquired the
Stanley Manufacturing Company. Under Mr. Chesney’s
supervision the Pittsfield works in recent yearshave 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 Iellow of the Institute, and has taken an
sctive interest in its affairs. He gerved as manager from 1905 to
1908 and as vice-president from 1908 to 1910. Heis also a memn-
ber of the Society of Arts, Lonadon, of the American Society for
the Advancement of Science and of the Engincers Club of New
York. During the year 1920 he wad president of the Fngineering
Society of Western Massachusetts. e has always had a strong
civie interest, taking an active part in the life of his community.
Tle is chairman of the industrial committee of the crippled
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cbildrop’s home in Bittatielg, ano of the best CUpped indypy iy
whul‘lililuliuu sohaols for childeny iy Neow Eugland and s dj.
rector of the .\urinulhu-ul Bank and Brosideny of e Morris Plag
Buank of Pittsfield,

‘The Edison Medal way wwarded 1o Ny Chesney in 1921, 1oy
early davolupuwu&s in :dl«m'nulinubeurmm transimissioy

A. ILE, E. Directors? Mm'ting

The regular meeting of (he Board of Dirgetors of the Anicrioan
Institute of Electrion) Engineers way held ut, Tastitute hoad-
qQuartors, Ney York, op Friday, May 21, 1996

There were present : Pregident M. ] Pupin, New York; Vige-
J'resid(-mts“urold B. Smit-h, \Vorcesuar, Mass. ; Arthur G Picree,
f‘levelund. Ohio; Maunagers H. M, Hobart, b‘clmnuctudy. N. Y.:
G. L. Knight, Brooklyy, N. National Secretury ¥ I
B utchinson, New York.

A minute was adopted in memory of )¢ late Carl Hering,
Past President of the Instityte.

Reports wore presented of meetings of the Board of Examiners
held Aprj) 26 and May 17, 1926, and the actions taken at those
meetings were approved. Upop the reCommendation of the
Board of Examiners, the following actions were taken wupon
pending applications: 93 Students weére ordered enrolled; 164
applieants were elected to the grade of Associate: 18 applicants
were elected (o the grade of Member; 1 applicant wag elected to
the grade of Fellow; 3 applicants were transferred the grade of
Fellow; 18 applieants were transferred (o t)o grade of Member,

"The Bouard ratified the approval by the Finance Committee.
foe payment, of monthly bills amey nting to $2] ,343.99.

“The Nationa) Secretary reported 1330 members delinquent iy
the payment of dues for the fiseal yeay ending Aprj| 30, 1926;
and the Boayd directed that the usua) efforts be continued to
colleet thege dues, through the Secretary’s office and by hringing
the list to the attention of the Section officers concerne.

The annual réport of the Board of Directors for the fiscal yeur
emding April 30, 1926, ag pPrepared in the National Secrelary's
office was Presented and acecepted for Presentation at he annual
business meeting of the Institute to be held during the evening
of the same day. The annual report of the National Treasurer

ordered filod for reference by the committees of the next
administration.

The following new hy-law was adopted, in order to ineor-
Porate in the Institute by-laws the action taken by the Boar
of Directors on April 9, 1926, in adopting the policy of providing
for the affiliation with the Institute of engineering student
organizations in colleges in whijch It is not feasible to establis)
Student Braneches of the Institute because of the limited numbey
of students:

“Sec. 59A. An establishe() student engineering society
ina university or technical school of recognized standing may,
upon application of its officers and a member of the Instityte
connected with the school, and the approval of the Boar of

irectors, hecome associated with the Institute. Members of

such associated student engineering society may have thg same
brivileges ag enrolled  Students of the Institute and will he
governed by t)e same requirements.’

Upon the recommendation of the Committee on Student
Branches, the Board approved for printing and distribution in
pamphlet form, “Suggested By-laws for Student Branches.”

The Standards Committee submitted for the Board's ap-
proval, a revision of Section 7 of the A. 1. E. E. Standards
(Alternators, Synehronous Motors and Syncehronous Machines
in General), and the Board vote to approve the recommencde(]
revision.

An invitation to nominate a candidate for the 1926 Kelvin

LATED ACTIVITIEN

Jouraal A, 1. ¥ [

Medal wus sbéeopted and pof reed o the jin siddésngt with powe
President, Pupin stated thg he would onfer with ihe Prosiden
of the other Foinder Roeiotivs before wetbng in the matler

In acogrdance with N Hon 37 of e canstitution, s Board
considersd (hy appointinent, of 4 Nuational K tary for (.
administradiy e veur lwg‘lmnng Aupust I, 1 ind Natlona|
Nocretary ¥ | Hutehinsony wus reappoinged

Other mattors of IMNPOPLENGs wer, imey anged reflerengy (g w hilel
may be found ip this and fuy e 1550eR of the Jo, 1N AL

Board of Direetors? Report for (e Year
inding \pril 30, 192¢

The annuga| report of the Board of Dircetors of the A rican
Institute of Klestricy) Kngineors Wis  presented b the aniug)
business meeting of the Institute held In New York Friday sver,.
ing, May 2]

This 'Opory consists of 5 brief summury of ¢, prineipy|
activities of (he Instituge during the yYear, including i, Lraety
of various reports submitiag by offisers and eommiy Lees, covering
their respective branehes of work.  ‘I'hg more buportant matpers
referred to in (he report have been, or wij) be, covered in mueh
more detailed fory in the Jo KNAL, and therefore the report
will not be published iy full he rein; hut any member of the
Institute muay obtain g pamphlet ¢opy upon application 1o the
National Secretary,

The growth in Instityte membership during the year is ingj.
cated in the following tabulation :

T [-.l.unorrwy~ Fc“ow ;_\le;nbur Associgte _'l'ol.ﬂl

hYj embership o |

April 30, 1925 4 507 2,436 14,282 17.319
Additions

Transferred 33 178 ’

New Membes Quali-

fied 97 ! 1.97¢ (

Reinstateq 8 | 15

Total 4 635 2,719 16,303
Deduetions: | | |

Died 7 16 | 71

Resigned 2 | 36 333

Transferroq | 18 | 193

Dropped ! 26 [ 800
.\lvml)ership. f | [

April 30, 1926 | 4 625 2,623 14,900 18,158

Net increase in Memberslu‘p during (e vear 839

Tha activity of the Sections ang Branches during the vear
and the growth inthe number of these organizations, algo in the
number of meetings hel( by them and in the aggregule attend-
ance, are shown iy t)e following statement:

For Fiseal Year Ending

May 1 Muay |1 May | May |
1919 1921 { 1923 1926
| ,
BECTION |
Number of Sections 34 42 44 51
Number of Section megt- ,
ings held 217 303 | 341 405
Total Attendance | 25,837 37.823 46,472 58.959
BRA NCHES {
Number of Branehes 61 65 | 68 86
Number of Braoeh megt.| |
ings held 156 443 | 03 | 7 {
26.803 | 3597

Attendance 6,44 21.629

The Finanee Commitlree's report, together with the general
halance sheet an detaile finaneia) statements of the publie
accountants wio audited the Institute’s books, is included in the
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. Report of Committee of Tellers on Election

of Officers

To the President,
American Institute of Electrical Engineers
DeAr Sik:

This committee has eavefully canvassed the ballots cast for
officers for the year 1926-1927. The result is as follows:
Total number of hallot envelopes received. ... .. :
Rejected on account of bearing no identifying name on

outer envelope, according to Art. V1, Sec. 34 of the

Constitution. ........ - . R
Rejected on aceount of voter being in arrears for dues

for vear ending May 1, 1926, as provided in the

Constitution and By-Laws. . - .99
Rejected on aceount of ballot not being enclosed in

inner envelope, or being improperly marked, or on

account of inner envelope or ballot bearing an identi-

{ving name, according to Art. V1, Sec. 34, of the

Constitution. ...~ - 111
Rejected on account of having reached the Secretary’s

office after NMay 1, according to Art. V I, Sec. 34, of

the Constitution. . o114 267

4811

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 —_ 159
No. 5 Greal Lakes
B. G. Jamieson. .
Blank . 142
No. 7 South West
A. E. Bettis. ..
Blank g 182
No. 9 North West
H. H. Schootfield. 4371
Blank . . 173
For MANAGERS

F.J. Chesterman......... 4441
Blank ... .- . 103
H. C. Don Carlos. .. . i o 4433
Blank R - 111
1. E. Moultrop........ . . 4439
Blank. .. . e £ e R 105
For TREASURER
George A. Hamilton...... 4407
Blank. .. ...ooeooreraons . 137

SercGlus P. GRACE, Chairman E. F. TERALL
E. S. HOLCOMBE E. F. WaTtsoxN
W. E. CooVER J. T. WELLS

Commillee of Tellers.
Date May 10, 1926.

Annual 1\—’I~eeting of A. S. T. M.

The Twenty-Ninth Annual Meeting of the American Society
for Testing Materials will be held at Chalfonte-Haddon Hall,
Atlantie City, N. J., June 21-25 inelusive. The program will
be diversified including the following sessions: Tuesday morning
Committee Meetings; afternoon, First Session, Wrought Iron,
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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, Iusulating 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 Nomeneclature.

Special, reduced rates Liave 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 naturve.

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, inelusive, with headquarters at the Essex and
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 de clopments 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.

Annual Meeting and New York Section
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 agcordance {herewith, President Pupin declared the
election of the following officers, whose terms will begin on
August 1, 1926:
PRESIDENT:
VICE-PRESIDENTS!

District No. 1

District No. 3

District No.

District No. 7

District No. 9
N ANAGERS!

Cummings C. Chesney, Pittsfield, Mass.

H. M. Hobart, Scheneetady, N. Y.

George L. Knight, Brooklyn, N. Y.

B. G. Jamieson, Chicago, Il

A. E. Bettis, Kansas City, Mo.

H. H. Schoolfield, Portland, Ore.

F. J. Chesterman, Pittsburgh, Pa.

H. C. Don Carlos, Toronto, Ont.

1. 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. MeConahey, Sharen, 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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ohildren’s hopme n Pittstield, one af the hest cquipped industrin)
rehubilitation sehools fop children In New England; and is (j
recior of the Agricultyra] Bank ang president of the Morgijy Flug
Bank of Pittsfiold

The Bdison Meodal was awarded to My Chesney 1y 1921, “'for
euply developments in uI‘tenmliuu-omn:m transmission,

\.LE E. Dirvectors® Meeting

The regular meeting of the Board of Di rectors of the American
Tnstitute of Eleetrionl Enginoers was held at Tnstipute head-
quarters, New York, on Friday, May 21, 1926

There wire present: President M. T. Pupin, New York; Vige-
Presidents Ilarold B. Smith, Worcester, Muss.; Arthur G Pierce,
Uleveland, Ohio; Managers 1. M. Tobart, Sehenectudy, N. vy
G. L. Xnight, Brooklyn, N. Y.; National Secretary p. T
Rutchinson, New York.

A minute was adopted in memory of the late Caurl Hering,
Past President of the Institute.

Reports were presented of meetings of the Board of Examiners
held April 26 ang May 17, 1926, and the actions taken at those
meetings were approved. Upon the Focommendation of the
Board of Examiners, the following actions were taken upon
pending applieations: 93 Students were ordered enrolled; 164
applicants were elected to the grade of Associate; I8 applieants
were elected to the grade of Member; | applieant was elected to
the 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 Committes,
for payment, of monthly bijlls amounting to $21,343.99.

“The National Secretary reported 1330 members delinguent in
the payment of dues for the fiseal year ending April 30, 1926;
and the Board directed that the usual efforts he continued to
coilect these dues, through the Secretary’s office and by bringing
the list to the attention of the Section officers concerned.

‘The annual report of the Board of Directors for the fiseal year
ending April 30, 1926, as prepared in the National Secretary’s
oltice was presented and accepted for presentation at the annual
business meeting of the Institute to be held during the evening
of the same day. The annual report of the National Treasurer
was presented, accepted, and ordered filed.

The annual reports of various standing eommittees (exclusive
of the technical committees, whose reports will be presented at
the Annual Convention in June), abstracts of which were in-
corporated in the Board of Directors’ report, were received an(
ordered filed for reference hy the committees of the next
administration.

The following new by-law was adopted, in order to ineor-
Porate in the Institute by-laws the action taken by the Board
of Direetors on April 9, 1926, in adopting the policy of providing
for the affiliation with the Institute of engineering student
organizations in colleges in which it is not feasible to establigl
Student Branehes of the Institute because of the limited number
of students:

“SEc. 539A. An established student engineering society
in a university or technieal school of recognized standing may,
upon applieation of its officers and a member of the Institute
connected with the sehool. and the approval of the Board of
Directors, become associated with the Institute. Members of
such assoeiated student engineering society may have the same
privileges as enrolled Students of the Institute and wil) be
governed by the same requirements.”’

Upon the recommendation of the Committee on Student
Branches, the Board approved for printing and distribution in
pamphlet form, “Suggested By-laws for Student Branches.”

The Standards Committee submitted for the Board’s ap-
proval, a revision of Section 7 of the A. I. E. L. Standards
(Alternators, Synehronous Motors and Synehronous Machines
in General), and the Board voted to approve the recommended
revision.

An invitation to nominate a candidate for the 192G Kelvin

dournpl A I ¥ [5

Medal was noceptod and refarred 1o the President with power
President Pupin styted that he woeuld eonter with the presidens
of the other Founder Souloties before neting jn the matler

T wosordance with Seetion 37 of the sonstitution the Boasd
considered the wppoitntment of n Natlonal Seers tary for (e
administrative venr beginning August |, 1924, and Nutionul
Beorotary ¥. L. Hutehinson wus reappoin Lid

Other muttors of IMPortanoe were diseusmsd roference 1o whish
muy be found in this apd future lssuus of the Jou s Al

Board of Director Report for the Year
Ending April 30, 1926

The annuul report of the Bourd of Direstors of the Ameripyn
Institute of Blectrical Engincers wax presented at the annuul
business meeting of the Institute held in New York ¥riduy even-
ing, Muy 2|

This report eonsists of a brief summary of the principa)
activities of the Institute during the year, including abstrueis
of various repor s submitted by officers and committess, covering
their respective bray nehes of work, The more important, muatters
referred to in the report have been, or will be, sovered in much
more detailed form iy the JouxnaL, and therefore the ro port
will not he publislied jn ful) herein; but any member of the
Institute may obtain a pamphlet copy upon upplication to the
National Secretary.

The growth in Institute membership during the yeur is 1di-
cated in the following tabulation:

Honorary | Felloy Member \ssociale | Tory)
|

I\Jemberslu’p on !
April 30, 1925 4 597 2,436 14.282 17.319

{

Additions: { I
Transferred 33 | 178

New Members Quali- |

fied a7 | 1.976
Reingstate| | 8 | 45 |
Total 4 635 2,719 16,303
Deductions '

Died . 7 16 71 !
Resigned 2 36 333
Transferved | 18 | 193
Dropped 1 26 800
Membership, [ | [

April 30, 1926 | 4 625 2,621 14.906 18,158

Net increase in Membership during the year R3Y

The activity of the Sections an Branches during the year
and the growth in the number of these organizations, also in the
number of meetings held by them and in the aggregate attend-
ance, are shown in the following statement:

For Fiseal Year Ending

May | May 1 May 1 May |
1919 192 | 1923 II 1926
SECTION
Number of Sections 34 42 46 51
Number of Section meet- {
ings held 217 303 344 405
Total Attendance | 256.837 37.823 46.672 58 959
BRANCHES
Number of Branches 61 65 68 86
Number of Hraneh meet-
ings held . 156 443 503 | . 714
Attendance. . . G, 441 21,629 26,893 35.270

The Finance Committee’s report, together with the generul
balance sheet and detailed financia) statements of the publie
aceountants who audited the Institute's books, is included in the
report.
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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...........
Rejected on account of bearing no identifying name on

outer envelope, according to Art. VI, Sec. 34 of the

Constitution. . ... ..o 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. . ...ovovvreeeoeannrnieaenneanan 111
Rejected on account of having reached the Secretary’s

office after May 1, according to Art. VI, Seec. 34, of

the Constitution. . . 1 g

4811
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Leaving as valid ballots. ... .. . 4544
These valid ballots were counted, and the result is shown as
follows:

For PRESIDENT

C.C.CheSney. ... ...coveii i 4399
Blank......... 145
For VICE-PRESIDENTS

District
No. 1 North Eastern
H. M. Hobart. ... ... ... .............. 4397
Blank.. .. ... ... 147
No. 3 New York
. G. L. Knight...................... 4385
Blanl i o sac? 85 5 5. v 5 ke B Mol b il s o7 7o 159
No. 5 Great Lakes
B.G. Jamieson.. .. .. ... ... 4402
Blank . .. . o 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....................... 4441
Blamilt . ses oo . . e he st g ab o A s AT @ 103
H.C.DonCarlos........ ... ............. 4433
Blanile i 2 - oet s v s dos ® A 3 - ol bRC 8 b m 3 2 E 111
IO LSRN0 ULEEOD s e T (M =l LRI PAeE =i Bl 4439
Blank. . ... 105
For TREASURER
George A. Hamilton............ ... ........ 4407
Blank. ............ o 137

Respectfully stlbmitféa; .

Sergius P. Grace, Chairman E. F. THrALL
E. S. HoLcoMBE E. F. WaTtsoN
W. E. CoovERr J. T. WeLLs

Committee of Tellers.
Date May 10, 1926.

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,
Atlantie City, N. J., June 21-25 inclusive. The program will
he diversified including the following sessions: Tuesday morning
Committee Meetings; afternoon, First Session, Wrought Iron,

INSTITUTE AND RELATED ACTIVITIES

589

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 Produets 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 Illluminating 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 and
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.

Annual Meeting and New York Section
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 agcordance therewith, President Pupin declared the
election of the following officers, whose terms will begin on
August 1, 1926:
PRESIDENT:
Vice-PRESIDENTS:

District No.

District No.

District No.

District No.

District No.
MANAGERS:

Cummings C. Chesney, Pittsfield, Mass.

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. 1. 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,

© N O o~
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Suhououtndy, N.Y.: M. M. Fowler, Chieago, IN.; 11, A. Kidder,
New York; K. C. Stone, Pittsburgh, Py,

D, Pupin then called upon N, M. A. Kidder to preside
during the remainder of the meeting which was under the
auspices of the New York Section.

Chairman Kidder, after u fow preliminary remarks on the
value of modern methods of obtaining daty on circuit breaker
performance as compared with the early days when the cer-
tainty of performance of g breaker was an almost unknown
quantity, introduced the speaker of the evening, W, R. Wood-
ward, General Engineer, Waestinghouse Eleo. & Mig. « '0., Pitts-
burgh, Pa. In the presentation of his paper, “A High-Power
Laboratory for Testing Oil Circuit Breakers and Other Ap-
paratus,” Mr. Woodward outlined the ad vantages and disadvan-

ever increasing demand for larger and larger test sets, and the
effort whieh has been made to make the laboratory complete,
flexible, and safe, The paper was profusely illustrated with
lantern slides. Discussion of the paper was given by R. M.
Spurek, 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 whieh
bapers may be submitted to the Jury of award for the George
Montefiore Foundation Medal.

This prize is awarded every three years upon the basis of
international competition for the best original work in seientific
progress and progress in technieal application of electricity in
any of its branches. Popular works and simple compilations are
precluded. Papers submitted are subjeet to the following
general stipulations:

Only such papers as have heen prepared during the three
years preceding the meeting of the acting jury will be acceptable;
all must be either printed or typewritten, in both French and
English, and twelve copies sent free of postage to M. le secretaire-
archiviste de la Foundation George Montefiore, rue Saint-Gilles,
31 Liege, Belgium, by whom they will be acknowledged to the
author. A majority vote of four-fifths by the board of award
allows of one-third of the amount available being bestowed for
the presentation of a valuable discovery in the scientific field or
the statement of a new idea which may lead to Important
development in electrieal progression. Should the prize for
any year not be awarded or any portion of it remain undistrib-
uted this amount will be added to the award for the next
triennial period. Any paper upon which the jury decides will
be published in the Bulletin de I’Association des Ingenieurs
€lectriciens of 1'Institut électro-technique Montefiore, 25 re-
prints to be sent to the author free of charge but no f urther profit
to be derived by him from its reprinting. The award carries
with it a gratuity of 20,500 franes (about $600) to be distributed
at the diserimination of the Jury of award, which is comprised
of ten electrical engineers, all holding diplomas of the Institute
Electrotechnique 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-
cours de la Foundation George Montefiore, session de 1923-
1926” (Paper submitted for the competition of the George
Montefiore Foundation).

American Engineering Standards Committee

AN

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

Journal AL T, K. B

abbroviations has now been futrly launehed. “I'ho seetional
committee, swhich in  jts ropresentation ineludes thirty-ope
trude, technieal and seientifio hodies, held s organizition
meeting Jaounry 21, 1920, socicties taking the leading purt
in the work as sponsors being, the American Associgtion for tho
Advancement of Scienee, the Ameriean Lnstitute of |k ctirieal
Engineers, the American Society of Civil lingineers, the Ameri.
oun Bociety of Meehanical Engineers and the Bociety for th
Promotion of Engincering Edueation. The secretury of the
sectional commitiee, (Preston &, Millar, Electrieal Testing
Lahoratories, 80th Street and Bast Ind Avenue, New York
City) will he very glad to receive in cooperation any suggestions
whieh interested organizations may eare to make with regard
to symbols and abbreviations to be adopted in the various fields
of engineering and industry.  Completion of the entire work
will require the partieipation of many interests, it is the ecom-
mittee’s present plan to concentrate upon the fiolds in whieh
there is the greatest need of unifieation of standard , taking
up further work ag oppurtunity affords,

Carnegie Institute Summer Course

Excepting a few guest instructors and special lecturers, none
but members of the regular college teaching staff has been ap-
pointed to the faculty for the summer courses this year at the
Carnegie Institute of Technology, according te an announcement
from the Pittsburgh institution. The guest members of the
faculty, it is further announced, will he on duty at various periods
during the six weeks'’ courses for teachers from June 28 to August
G in the College of Fine Arts. For the eight weeks' courses from
June 4 to August 6 for undergraduates in the industrial and
engineering courses, only members of the regular college faculty
have hLeen engaged.

As a result of the increasing interest shown in the type of
technical instruetion featured at this institution. Carnegie
officials report plans to receive another large enrolment of
summer students for this year,
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EDWARD DEAN ADAMS GIVES GENEROUSLY TO RESEARCH

A gift of $100,000 has been made to the Engineering Founda-~
tion and the Engineering Societies Library by Edward Dean
Adams, as announced by W. L. Saunders President of the United
Engineering Society and Chairman of its endowment committee
at a meeting of the Foundation the evening of May 19th when
a dinner was held at the Union League, with Mr. Adams as guest
of lonor,

This generous gift of Mr. Adams’ brings research endowment
fund up to a total of $650,000, with Mry. Ambrose Swausey's
Initial endowment of $500.000 and the $50.000 received under the
will of the late Henry R. Towne.

The sum of $12,000 was contributed toward the support and
pPromulgation of g fundamental research in blast furnace slags,
now in progress at the University of Wisconsin under the direc-
tion of Richard S. AMeCaftery, member of the Institute of Mining
Engineers and Professor of Metallurgy at the University. The
investigation is being conduected with the understanding that
information establishe by the work done will be contributed to the
research data of the Engineering Foundation hefore the 20th of
each January, covering progress of the preceding calendar year;
any unused portion of the funds appropriated to revert to the
Foundation.

The Foundation also voted $5000 Year for two years,
to promote electrical insulation researeh on the specifie subject
of dielectrie absorption, through investigation to be conducted
at the Johns Hopkins Uniy ersity under the direction of John
B. Whitehead, Fellow of the American Institute of Eleectrical
Engineers 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:
Ezx officits:

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,
Milwaukee & St. Paul Railway.

H. deB. Parsons, New York; Consulting Engineer.

Ralph J. Reed, Los Angeles; Chief Engr., Union Oil
Company.

Nominces 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 (metallurgieal,
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 M echanical Engincers:

J. W. Lieb, New York; Viee-President & General Manager,
The New York Edison Company.

Wynne Meredith, San Francisco; member of firm, Sanderson
& Porter.

. A. Simmons, New York; President, Simmons-Boardman
Publishing Company.

Nominces 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.

£. 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.

. Hobart Porter, New York, of Sanderson & Porter, and
President, American Water Works & Eleetric Company.

Chicago;,

Robinson Fellowship—Ohio State University

At a recent meeting of the Robinson Fellowship Committee
it was voted to recommend Mr. Herbert L. Rawlins of Frederiek-
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 sue-
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
Transieni 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
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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 Iouse 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. Niehols, 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 1is
composed of five scientists appointed by the Secretary of Com-
merce and entrusted with the work of going over the poliey 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. Baneroft, 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 Eriesson, 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 Eriesson 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 Rrwin M. M itohell, 0/0 Sohmeltz, 48] 6th 8t., Brook-
lyn, N. Y.

23.—Robert . Russell, 1128 Warpen West, Detroit, Mich.

24.—Lieut. A. G. Soott, 68 West 10711 8t., Now York, N. v

25.— Kerniit Q. Seaman; P. 0. Box No. 68, Boulder, Colo.

26.—A. B. Smedley, ¢/0 Coover Iewitt )lec. Co., 1408 I#jyst
Nat'l. Bank Bldg., Cineinnati, Ohio.

27.—C. D. Smith, 857 St. Charles St., New Orleans, Ia.

28.—Will M. Striekler, 301 Detroit Life Bldg., Detroit, Micl..

29.—0. G. Utt, 4738 Oak 8t., Kansas City, Mo.

30.—Leo A. Van Etsen, 1100 Park Ave.,, New York, N. Y.

3l.—John D. W alker, 2686 Woodstock Ave., Swissvale, Pa.

32.—A. R. Williamson, 561 Delaware Ave., Norwood, Pa.

33.—C.A. Winder, Southern Equipment Co., San Antonio, Texas.

dJournnl A, 1. B, K.

Book Review
NEW II-\N[)I}()()KS OF THE BUREAU OF STANDARDS

Handbooks No. 6 and No 7, giving Sufoty Ttules for ihe In-
stallation und Maiotenanco of Lilectrical Bupply Stations and
Eleotrie Utilization Iiquipment, respectively, wre now on distri-
bution through the Burean of Standards, Washington. Price
10 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 Eloetrieal Sufety
Code, while No. 7 eonsists of Part [1] and the Grounding 1tules
of the fourth edition of the National lilectrieal Safoty Code.
Publication dates, February 5 and Mareh 12, 1926, respectively.
Address Superintendont of Documents, Government Printing
Oftice, Washington, D. C.

D oL ing
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Engineering Societies Library
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The library is a cooperalive activily of the American Institute of Electrical Engineers, the American Society of

Civil Engineers, the American Instilute of Mining and M

tcal Engineers. It ig administered for these Founder Societ

ies by the Unaited Engineering Socicty, as o public reference

allurgical En_gineers and the American Society of Mechan-

Library of engineering and the allied sciences, It contains 150,000 volumes and pamphlets and receives currently
most of the important periodicals in its field. 1t is housed in the Engineering Societies Building, 29 West Thirty-

ninth St., New York.

In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is
prepared to furnish lists of references to engineering subjects, copies or lranslations of articles, and similar assistance.

harges 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
America. 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 to
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may

understand clearly what s desired.

The Uibrary is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during

July and August when the hours are 9 a. m. lo 6 p. m.

BOOK NOTICES (MAY 1-30, 1926)

Unless otherwise specified, hooks in this list have been pre-
sented by the publishers. The Society does not assume responsi-
bility for any statements made; these are taken from the preface
or the text of the book.

All the books listed may be consulted in the Engineering
Societies Library.

CRYSTALLINE ForRM AND CHEMICAL CoONSTITUTION.

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 ecrys-
tallography, based upon a course of lectures delivered at
Cambridge University. The boolk Is intended primarily for
students of chemistry, physies or mineralogy, but an intro-
duetory chapter which summarizes the essential facts of pure
crystallography renders it available to readers unfamiliar with
the subject.

AUSGEWAHLTE METHODEN FUR SCHIEDSANALYSEN UND Kox-
TRADIKTRISCHES ARBEITEN BEI DER UNTERSUCHUNG VoON
ERrRzEN, METALLEN UND SONSTIGEN HUTTENPRODUKTEN . . . .

By Gesellschaft Deutscher Metallhutten-und Bergleute.
Berlin, The Society, 1926. (Mitteilungen, t. 2). 146 pp.,
9x6in., boards. $2.50.

A collection of methods for the chemical analysis of metals
and ores, recommended by the Chemieal Section of the Society of
German Metallurgists and Miners for unpire analyses. The
methods cover the examination of zine, zine 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 in
antimony and itsores. A chapter on proper methods of sampling
1sincluded.

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 switehes, cireuit-
breakers, rheostats and switch-boards of the commercial types in
use in France.

DicrioNary oF ArpLikp CHEMISTRY, V. 6.

By Sir Edward Thorpe. Revised & enlarged edition. Lond.
&N. Y., Longmans, Green & Co., 1926. 791 pp., illus., diagrs.,
9x6in., cloth. £20.00.

The death of Sir Edward Thorpe, in February, 1925, in-
terrupted the completion of the Dictionary, but publication is
now resumerd 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 on
substances of great industrial importance, prepared by compe-
tent authorities. Saponifieation, silver, soap, sodium and its
salts, starch, sugar, sulfur, sulfurie acid, synthetie drugs, tannins
and tantalum are thus treated, together with many others.
The new edition easily maintains the work in its rank as the
leading English encyclopedia of industrial chiemistry.
FuNpasMENTAL Concerrs oF Puysics 1n THE L1GHT oF MODERN

Discovery.

By Paul R. Heyl. Balt., Md., Williams & Wilkins Co., 1926.
112 pp., 7 x 5 in., cloth. $2.00.

.account of the evolution of our pbresent coneepts through
the eighteenth, nineteenth and twentieth centuries. Dr. Heyl
studies the antecedents of present views, tracing correlations,
analogies and similarities wherever they are found, and re-
garding the concepts in their philosophical aspeets. The hook
Is an 1nteresting, non-mathematical deseription, accompanied by
a list of references to more detailed works.

GUTERUMSCHLAG.

Die Guterumschlag-Verkehrswoche des V. D. I. in Duasseldorf
und 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 probhlems
of freight traffic was held in Dusseldorf and Cologne under the
1 i The papers
presented appeared in the V. D. L. Zeitschrift and are now
collected in the present volume.

While questions of railroad freight bandling are most ex-
tensively treated, there are papers on hoat traffie, harbor ma-
chinery, street and light railroads, motor-truck and airship
freight handling. Special attention is given to loading and un-
loading machinery and to the efficient utilization of equipment.
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HErTHA AYRTON; 8 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 are, which were published in book form in
1902. In 1599 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 hack poison gas.

Her biographer traces her career from early childhood to her
death in 1923.

INTRODUCTION TO INDUSTRIAL CHEMISTRY

By S. L. Levy. N. Y, MecGraw-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-
tieular branches of chemical industry. 'Inste_ad, 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 1s 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.

LOKOMOTIVVERSUCHE 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 ahsent from lahoratory 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.

MEerHODS OF MEASURING TEMPERATURE.

By Ezer Griffiths. ond edition. Lond., Charles Griffin &
Co.; Phila., J. B. Lippincott Co., 1926. 203 pp., illus., tables,
9x6in., cloth. 10s 6d.

Written for those concerned with the measurement of tem-
perature in seientific investigations or in industrial operations.
Attention is given- chiefly to the experimental basis of the
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methods in general use, the calibration of the instruments and
the precautions to he 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.

Powgr-FacTror WASTES.

By Charles R. Underhill. N. Y., MecGraw-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 texthooks on heat
and advanced treatises on pyvrometry, 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,
9x6in.,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.

ToroGRAPHICAL DRAWING NOTES.

By G. P. Schubert. 2nd edition. Houghton, Mich., Michi-
gan College of Mines, 1926. 82 pp., 11 drawings & diagrs.,
6 x9in., cloth. $1.65.

This textbook supplements the lectures and laboratory work
in a course on topographlcal drawing and traverse computations
given at the Michigan College of Mines. It treats various
methods of caleulating 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.

' Past Section and

Branch Meetings

SECTION MEETINGS

Boston

Modern Mcthods of Combustion Conlrol, by 15, G. Bailey, Bailey
Meter Co. Joint meeting with A. S. M. E. April 15.
Attendanece 150.

The Art of Making Good Conerele, by W. C. Voss, Portland
Cement Association; 1. S. Larned, Civil Engineer, and
J. G. Ahlers, Barney-Ahlers Construetion Corp. Joint
meeting. Aprill2l. Atlendance 228.

Chicago

Automatic Stations und Their lemole Supervision, by Chester
Lichtenborg, General [Nlectric Co. Joint meeting with
Western Society of Engineers. May 3. Attendance 200.

Cincinnati

M odernizing Industrial Control Apparatus, by (1. O. Wilms, Allen-
Bradley Company. April 8. Attendance &84,

Cleveland

Industrial Motor Bearings from o Maintenance Poinl of View,
hy H. G. Veit, National Malleable Castings Co.;

Large Synchronous Molors for Industrial Drives, by P. C. Jones,
Goodyear Tire and Rubber Co., and

Some Design Fealures of Induslrial Motors, by E. E. Dreese,
Lineoln Kleetric Co. April 22, Attendance 93.

Connecticut

Relalivity and the Einstein Theory, by W. B. Hall, Yale Univer-
sity.  April 29.  Attendance 65.

Denver

Operation of D-C. Molors on_Divecl and Alternating Curren
Simultaneously, by Edwin Heath, University of Colorado;

Some New Developments in High-Voltage Insulalors, by P. M.
Brown, University of Colorado; and
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The A pplication of Vacuum Lubes 1o Maguetic-Fiy, Measure
ments, by KA. Browne, | niversity of Colorado, April
16.  Attendanoe 70.

Kngine Cing tn Russia, by 8. M, l\.furshull,
April 22, Attendanoce 28,

Detroit-Ann Arbor

Power Jrom Mercury Vapor, by W L. R. Emmet, Gonera) lilec-
trio Co.  Illustrated by slides s motion piotuyre, Mareh
6. Attendance 200.

Tnspection trip to River Rouge Plant of the Ford Motor ( ‘'ony-
pany. April 3. Attendunce 5().

Iower Factor, What I It and Whay Can We Do About [¢, by . I..
Bmlgy, Sules Engmeen_'. Joint meeting with Detroif Kugi-
heering Society. April 23. Attendance 175.

Erie
Oil-Electric Locom(/lives,.by Herman Lemp, Consulting lingineer,
Ilustrated with slides.  Joint meeting with A, S M. E.
and A, (. 8. April 20. ttendance 2()).
Fort Wayne
The Consolidation of the Tl'(l(rliO(z Company with ihe Tusull Proper-
lies, by R. M. F!}estel, Indiana Service Corporation. Ilus-
trated with motioy, pictures. April 28, Attendance 54.
lndianupolis-Lafayette

The Development of Steam Generators and  Radiant Heat, by
L. AL Orrok. “Joint meeting with A. §. April 20,
Attendance 119,

Perine and Marshall

Ithaca

Finding and Filling Your Place I ndustry, by C. R. Dooley

Standard 0j] Company of New Jersey. "March 15, At-
tendance 200).
Lightning and Hi_r/h-Vollay( Phenomena, by F. w. Peek, Jr.,

General Electric Co. April 14. Attendance 7().

The Social and Economical Aspect of Niagara Falls Power, by
W. K. Bradbury. May 7. Attendance 130,

Kansas City

Light Radiations as Shown by the Speclroscope, by F. E, Johnson,
Kansas University Engineering Sehool;

Loop Feeders of the Kansas City Power and Light Company, by
W. 0. Edmonds, Kansas City Power and Light Co., and

Super Power Systems, by B. J. Denman, United Light and Power
Co. Mareh 31. Attendance 4%,

Lightning Protective Devices, by A. L. Atherton, Westinghouse
Electrie and Mfg. Co. The following officers were elected :
Chairman, R. L. Baldwin; Secretary, 8. N DeCamp.
April 30. Attendance 51.

Los Angeles

Astronomical Rescarch,

Hlustrated.

by Ferdinand

Modern Developments in
Mav

Ellerman, Mount Wilson Observatory.
4. Attendance 150.
Lynn
The Industrial Conditions of the Nation, by D. 8. Kimball, Cor-
nell University, and
The Activities of Lynn, by Hon. Ralph 8. Bauer, Mayor. Mareh
20. Attendance 184,
Mexico
Maximum-Demand Meters, by Solis Payan. May ¢, At-
tendance 18.
Milwaukee
The Mechanical Engineer in the Large I'ndustries Today, by 0. A.
Anderson, Armour and Company. March 17, Attend-

ance 70.

The Tremendous Responsibilities W hich Confront (he Eng;'neer,
by Roy Wright, Viee-President, A.S. M E April 21,

Attendance 60.
Minnesota
Transmission of Piclures over Wire, by R. D. Parker, American
Telephone and Telegraph Co. April 26.  Attendance 150.
Nebraska
Tasks Ahead in Engineering Education, by O. J. Ferguson, Uni-
versity of Nebraska. April 9.  Attendance 35.
Niagara Frontier
Automatic Train Control, by W, H. Reichard, General Railway
Signal Company. The following officers were electeq:
Chairman, H. B. Alverson; Secretary—'l‘reasurer, Al W,
Underhill, Jr. April 30.  Attendance 42.
Philadelphia )
Progress, by L. F. Deming, General Electrie Co.
with slides. April 12. Attendance 105.

Nlustrated
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Pieesburgh
Peek, Jy Hlustenicd wig), slides und
Moton pietyre, The olestion of the following ofieepy Wit
announced: Chaivimun, W, (-, Cioodwin Seeretury, D, M.
Simons, May 11, Attendance 3485,
Pitestield
Annual Dinner, held af the Hotel Wandell,
C. C. Choesney, Prosidont-Iloct of the A | g 16 MM
Hobart, Viea Prosident-iglect 1, District No L Harold B
Smith, Vieo-PPresident, i Distriet No. | [2. | - Iihy, Chuir.
man of the Pittsficld Section, and 1. J, J. Walsh of Brool
lyn, Eutertuinment was furnished by the Radio
Four Quartet, the Kilowatt Orchestry an orchestra oomn-
nosed of electrieal engineers, an( Hurold 8. May's dance
orchestra.  I'he program was hroadeast, through WGy
Maureh 30 Attendance 30,
Inspection trip to the Schenvetady Works of the Generyl Kleetri
Conpany. April 19, Attendance 350,
Portland

The Influence of Line Voltage wpoy, [ nduction- M otgr Character-
wstics, by C. H. Bjorquist and 1. E. Rhoads:

The Effect of Thyee- Phase Transformer Connections on | niduced
Harmonies, by |). 0. Bergey, K. | Kearns and . \v
Leihy, and

The Characteristics of Distribution Transformers at High Ovper-
loads, by |, (. Mueler, (. R. Mclean, B. E. Plowman,
0. W. Hurd and W. W. Bonar, These papers were pre-
sented by senior students of the Oregon Agricultura) ¢ ollege.
A demonstration of first-aid methods was also given by
members of the Pacific Telephone ang Telegraph (.
April 9, Attendance 135,

Providence

Fundamental Considerations of Power Limits of Transmission
Systems, by R. L. Doherty, General Klectrie Co.  Joint
meeting with A. § M. E. and Providenee Enginu.ring
Society. April &, Attendanee 35

Most Itecent Radi, /)('wlnluwnls, hy E. L. Bowles, Massachusetts
Institute of ’I‘evhnology. The following officers were
olected : Chairman, k. E. Nelson; Vice-(‘hairman, F. N\.
Tompkins, and Seer: tary-Treasurer, F. W. Smith.  Apri]

Lightuing, by ¥ W

The Tmulwm-, were

20. Attendance 6O.
San Francisco
/llauufuclurc, Treatment ang Testing of Special Alloy Steels,
by G. A, Richardson, Joint meeting with A. S, M. E,

A. S CUE. and Chemical Societ y.
250.
En{/ineerz'_ug Education— 1 istory and Prospects, by H. H,.
Henline, Stanfor University. April 23. Attendance 8().
St. Louis
The Position of Capital in the Electrical Industry, by W. A. Lay-

xlnzz‘l)n, Wagner Electrie Corp.  September 16.  Attendance

April 14. Attendance

Lightning, by E. E. F, Creighton, Genera) Islectrie Co. October
23.  Attendance 275.
The Klydonograph qnq Its A pplication, by J. H. Cox, Westing-

h(O)lSe Eleetrie anq Mfg. Co. Novemher 18. Attendanece
102.

En{/i/m('riug Research, by B. L. Newlkirl,
December 16, Attendance 200,
Long-Distance Cable Communi(‘alion, hy H. H. Nance, American
'll‘ezlephone and Telegraph (o, January 20, Attendance

62.

General Electrie ( o.

Dance. Joint withA.S. M. E. February 17.  Atte ndance 205.

Development of Electric Power Generation and Distribution, by
Col. Peter Junkersf’eid, MeClellan and Junkersfel(. Mareh
17.  Attendance 180.

Automatic Stations, by C. A. Butcher,
Ifg. Co. April 21. Attendance 60,

Schenectady

The Relation between Technical and Business Training, by J. G,
(‘ull;m, Harvard College of Business Adminisiration.
April 16. Attendance 350.

Seattle

Cost Anqlg/sis of Engineering ’roblems, by E. . Champreux, The
Pacifie Telephone and Telegraph Co. The following officers
were elected: Chairman, C. | Mong; SecrelaryJI‘reasurer,
C. R. Wallace. April 21, Attendance 81.

) Sharon

Steel- Ml Eleclriﬁcalion, by G. E. Stoltz, Westinghouse Eleetric

& Mfg. (. May 4. Attendance 10].

Westinghouse Elee. &
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Spokane

Awtomalic Train-Conirol Equipment, by R. C. Charlton, Oregon-
April 23.  At-

Washington Railroad and Navigation Co.
tendance 40.
Saskatchewan .

Annual Meeting. The following officers were elected: Chair-
man, S. R. Parker; Secretary-Treasurer, W. P. Brattle.
April 15.

Springfield

Awtomatic and Supervisory Controlled Substation, by R..J. Wens-
lev, Westinghouse klee. & Mig. 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 oﬁi‘cer‘s
were eleeted: Chairman, M. B. Hastings, Secretary, | U O
Ambuhl. May 7. Attendance 63.

Utah

Loud-Speaker Horns, by J. V. lLaird;

Eleetro-Chemical Reduction of Metals, by 8. M. Young;

A Praposed Railway Electrification, by C. E. Hoffman;

Characteristics of Vacuum Tubes, by 1. 8. Pierson; and

Aulomatic 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 Transportation, by H. M.
Llovd, British Columbia Eleetrie Railway Co., Ltd. Apri
6. Attendance 26.

Washington

Developments in  Motor-Vehicle Hecadlighting, by Lieut-Col.
R. E. Carlson, Bureau of Standards. The following officers
wera elected: Chairman, C. A. Robinson: Vice-Chairman,
M. G. Lloyd: Secretary-Treasurer, D. S§. Wegg. May 11
Attendance 38.

Worcester

Electrical Reproduction of Musie, 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: Viee-Chairman, W. L. Garlington;
Secretary-Treasurer, 1. L. Knox. April 21. Attendance 22.
The Application of the X-Ray o Industry, by Dr. Fred Allison.
May 5. Attendance 52.
University of Arizona
Power-Distribution Practise, by B. L. Jones;
Mine Lighting, by 8. A. Sinelair, and

Underground Power [nstallation, by W. T. Wishart. April 10.
Attendance 18.
University of Arkansas
Engincering English, by Dr. Jones. November 3. Attend-

ance 32.
Natural-Period Vibration of Machinery, by Prof. Theorle, and

Equipment of a Modern Power Plani, by E. Reynolds. Novem-
ber 17.  Attendance 28.

Pouwer Distribution, by A. S. O'Bar;
Benefits of Engincering Organization, by B. A. Avery, and

Production of Casing-Head Gas, by E. T. Martin. December 1.
Attendance 28.

Carrier Waves in Telephony, by R. A. Austin, and

Economy in Modern Steam Locomotives, by F. H. Smith.
ary 19. Attendance 20.

Gas-Engine Electric Ratlways as Used in England, by Frank
Lane, and :

Engineering Exhibit al Arkansas State Fair, by J. F. Toohey.
February 2. Attendance 25. ’ :

Imnproved Methods of Combustion, by Prof. Strate.
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; Secretarv-Treasurer, W. H. Mann.
May 4. Attendance 15.

Janu-

April 7.

INSTITUTE AND RELATED ACTIVITIES

597

Armour Institute of Technology
Smoker. April 14, Attendance 71. )
Business Meeting. The foilowing officers were elected: Chair-
man, M. T. Goetz; Secretary, C. W. Schramm; Treasurer,
C. W. Burcky. DMay 6.
Brooklyn Polytechnic Institute
Motion pietures, entitled respectively “Revelations by X-Ray,”
“Rndurance Tests of Induection Motors,” a.pd “*Manufae-
ture of Okonite Cables,” were shown. April 14. Attend-
ance 4.
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
lnspection trip to P. T. & T. Co. January 29. Attendance 30.

Inspection trip to G. & E. Co. Broadcasting Station KGO.
February 9. Attendanece 45.

Inspection trip to P. T. & T. Co. Mareh 17.
Business Meeting. April 14.  Attendance 31.

Case School of Applied Science
The \p‘)hralion of Carbon Products to Industry, by P. D. Man-
beck, National Carbon Co., Ine.  April 27.  Attendance 38.
Catholic University of America

Radio, by B. J. Kroegrer. [llustrated with slides.
Attendance 21.

Attendance 25.

April 22.

University of Colorado
Opcration of & Series Motor with A-C. and D-C. Simultaneously,
by Edwin Heath:
High-Voltage Insulators, by P. M.
alides.
The Measurement of Magnetic Fluz by the Use of the Vacuum Tube,
bv Kenneth Brown. April 16. Attendance 50.
University of Florida
Construction and Operation of Gas-Electric Busses, by F. P. Dean,
and
Early Decelopment of Steam Engine, by G. C. Robertson.
26. Attendance 15.
Georgia School of Technology
Business Meeting. The following officers were elected: Presi-
dent, W. M. MeGraw: Secretary-Treasurer, F. L. Kaestle.
April 20. Attendance 45.
State University of lowa
The Selenium Cell and 1is Uses, by A. J. Plath. and

The Cathode-Ray Oscillograph, by R. B. Prunty.
Attendance 34.

Wind Power, by Theo. Van Law;
Alomic-Hydragen Arc Welding, by R. C. Van Ness, and
Insulating Materials Used in Transformers, by R. H. Perry.

Brown. IUustrated with

April

April 14,

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.
Lvons. January 12. Attendance 83.

Synchronous Machinery and Equipment, by E. 8. Henningsen,
General Eleetric 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. April27. Attend-
ance 55.
Lafayette College
Talks were given by C. L. Craven and P. O. Farnham. Mlarch

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. April28. Attendance 21.

Lehigh University

Some Problems of the Electrical Industry, by L. W. W. Morrow,
Managing Editor, Electrical World, and
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Organization and Operation o o« Publie Utility, by Chas. Zug,
r., student. Muarol |1 Atbendanee 19.

I?.ecen‘d Developments in Llectric Traction, by J. D. Alrioh, Genery!
Lleotrie Co. A motion picture, entitled “Electrification of
the Mexioan Railroad,"” was shown. April 15, Attend-
ance 66,

Lewis Institute
Uercyry-Arc Rectifiers ¢n Substations, by R. B.
April 30, Attendance 18,

Mnssuchuso.tls Institute of 'l‘echnolog,{y
The Outlook Jor the Electrical Fngineer Now in College, by Dr.

Wickenden, Society for the Promotion of Eugineering
Education. April 23. A ttendance 22.
Universlty of Michigan
A ﬁlm_, showing the Okonite method of manufacturing insulated
Wires and eables, was shown. April 26.  Attendance 30.
School of Enginooring of Milwaukee

Standing ll'{'aues at Ultra-Radio Frequencies, by Ben Chromy.
\ motion bicture, entitled “White Coal,” was shown.
April 20.  Attendance 41. '

Inspection trip to the Nash Motors Corporation. April 28.
Attendance 40.

Motion pietures, entitled “The Audion” ang “The Go-Getter,"”
were shown, May 11. Attendance 25.
Universi ty of Minnesota
The Application of Synchronous Machines, by C. W. Place
eneral Electrie Co. Mareh 9. Attendance 75.
Montana State College
Diesel-Electric Drive for Dredges, by B. W. Crowell, and

Lighting-Generator Research, by R. K. Frazier. April 8. At-
tendance 159, ‘

The Graduate Engineer and His Relation (o the Industries, by
Ir. Caples, The Anaconda, Copper Mining Co. April 12,
Attendance 172,
Modernized Dipping and Baking, by 8. Thompson, and
Electric Refrigeration, by H. F. Dehler. May 6. Attendance 147.

University of Nevada
Business Meeting. The following officers were elected: Presi-
dent, George Fairbrother; Seereta,ry-’I‘reasurer, Cornelius
Fort. April 26, Attendance 20, 1
College of the City of New York

Inspection trip to Interhorough Power Plant,. Mareh 30.
Attendance 23.

Electric Waye Filters, by A. Granich, Bell Telephone La‘boratory.
Iustrated with slides.  April 22. Attendanece 4],

Business Meeting. May 6. Attendance 13.

New York University

Business Meeting. Oectober 15. Attendance 21.

Opportunities Jor the Electrical Engineering Graduate, by Dr. 1,. L.
Arnold. " OQetober 29. Attendance 28

Business Meeting. November 13. Attendance 32.

Distortion in Radio Receiving Sets and Loud Speakers,
Senauke. December 11.  Attendance 19.

Turbo-Alternators, by J. Hemingson, General Electric (o,
January 15, Attendance 42,

Business Meeting. April 20.  Attendance 21.

Distortion Causes in Audio-Frequency Amplifiers, by Alexander
Senauke, Popular Science Radio Laboratory. April 22.
Attendance 27,

University of North Carolina

The Automatic Telephone, by J. C. Fred, student.
Attendance 31,

A-C. Measurements with the Electron Tube, by J. D. Finklea.
Mareh 8. Attendance 26,

The Power Possibilities of Muscle Shoals, by H. C. Klingenschmitt.
April 1.  Attendance 28.

Interesting Phases of the Electrical

Taieds MeManis, General Electric Co.
slides.

April 26.  Attendance 54.

University of North Dakota
Electrification of the Virginia Railroad, by Leonard Dagen;
The Electrical Stethophone, by Thore Hawk, and

The Life of Michael Faraday, by H. W. Augustadt. April 19,
Attendance 17.

The Use of
Freston,

by A.

February 25.

Engineering Profession, by
Illustrated with

INSTITUTE AND RELATREID Ac TIVITIRS

Journal A. T, K. %,

Northeastern Unlversity
Inspestion trip to the Binplex Wire and Cable Company.  April
Attoendanee 4).

Dangers of Blectrical Shocks, by A. %, KeuneUy, Nurvard Uni-

versity. April 29. Attendance 64
Ohio Northern Universicy

Business Moeeoting. Octobor 14, Attendunce 47.

Protective Apparatus, 1)y M. Roth. November 19. Attend-
ance 22,

Business Meeting. January 20, Attendance 23.

The Application of Klectrie Power (o Auziliary Dyives in ( ‘entral
Stations, by Prof. | IS. Campbel). April (4, Attendance 20,

The A pplication of the Compound-lnte_rea! Formula to the Various
Sciences, by I’rof. Whitted. April 28, Attondance 21

Ohio State University

A motion Dioture, entitled W izardy of Wireless,” was shown,
April 30. Attendance 112.

Opportunities Jor Eugineers in Public-Utility Work, by & 1
Stone, Duquesne Power and Light Co. “Joint meeting with
A.S. M. E. May 7. Attendance 52
Oklahoma Adricultural and Mechanical Collede

Business Meseting. October 21. Attendance 6.

The Telephone Business, by Mr. Boone. Four reels of motion
pietures were showr,. April 21. Attendance (8.

University of Oklahoma

How To Lose Your First Job, by F. G. Tappan.
Attendance 23.

Oregon State Adricultural College

The Influence of Line Voltage upon Induction-Motor Character-
wsties, by C. H. Bjorquist and H. k. Rhoads;

The Effect of Three-Phase Transformer Connections on Induced
Harmonics, by D. 0. Bergey, E. E. Kearns and . .
Leihy, and

The Characteristics of Distribution Transformers at High Over-
loads, by F. C. Mueller, C. R. MeLean, B. . Plowman,
0. W. Hurd and W, W. Bonar, Mlustrated with slides.
April 9, Attendance 56.

Pennsylvania State College

Electric Locomotives, by O. K. Harlan. Mustrated with slides.
Joint meeting with A. S. M. E. Mareh 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.  Apri] 28 Alttend-
ance 45.

April 15,

University of Pennsylvania

After Collcge, What?, by C. K. West, General Eleetric Co., and
C Wellerjean, Westinghouse Electric and Mfg. Co.
February 23, Attendance 62.

Business Meeting. April 14, Attendance 45.

University of Pittsburgh

Crystal Control of Radio Frequencies, by F. C. Hartman, student,
and

Ezperiences ai National Tube Co.,
Mareh 5. Attendance 24.

The Liberty Bridge, by V. R. Covell, Bureau of Bridges of Alle-
ghany County. "Mareh 12, Attendance 24.

George Westinghouse, by D. G. Nesbit, student, and

Railroad~Signal Conlrol, by Chas. Caveny, student. Mareh 19,

ttendance 28.

Opportunities with The Duquesne Light Co., by W. p. Young.
Mareh 26. Attendance 28.

Homestead Steel Company, Ly A. 8. Brown.
ance 25,

I'ndustrial Engineering, by L. P. Alford.
anee 26.

Talks by H. J. A Cramer and E.
23. Attendance 26.

Talks by E. H. Powell and .J. J. Pleiffer, students. April 30.
Attendance 26.

hy G. M. Jarrett, student.

April 9. Attend-
April 16. Attend-
E. Muerer, students. April

Purdue Universi ty

The World of Paper, by P. Y. Tumey, General Electrie (o,
Ilustrated with slides and motion pictures.

Switchboards, by C. C. Adams, General Electrie Co. April 13.
Attendanee 100.
Westinglouse—The Institution, by Prof. L. D. Rowell. April

Attendance 35,

——— e




June 1926

Rensselaer Polytechnic Institute
M oderndl nduction Furnaces, by J. A. Seede, General Electric Co.,
an

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 Pif 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.
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Swarthmore College
Business Meeting. April 15. Attendance 30.
Syracuse University

A motion picture, entitled ‘‘Power,”’ was shown.
Attendance 19.

Automatic Railway Substations, by W. H. H. Wilkinson.
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. April10. 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.

April 12.

April

Engineering Societies Employment Service

Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperating

with the Western Society of Engineers.

i 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.
63 West Jackson Blv'de., Room 1736, Chicago, Ill., A. K. Krauser, Manager.
67 Post St., San Francisco, Calif., N. D. Cook, Manager.
MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated excepl upon

requests received after an interval of one month.
period. of

Names and records will remain in the active files of the bureau for a
three months and are remewable 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 16th 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 rale of $3 per quarter, or 810 per annum, payable in advance. Posi-
tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly.

VOLUNTARY

ONTRIBUTIONS.—Members obtaining positions

through the medium of this service are

invited to cooperate with the Societies in the financing of t he work by nominal contributions made within thirty days after

placement, on the basis of $10 for all positions paying a salary of 82000 or less per annum;

810 plus one per cent of all

amounts in excess of $2000 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 13 hoped, be sufficient not only to maintain, but to increase and extend the service.

REPLIES TO ANNOUNCEMENTS.—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.
Sfilled will not be forwarded.

Replies received by the bureau after the positions to which they refer have been

POSITIONS OPEN

ELECTRICAL SWITCH DESIGNER, for
automatic control of direct- and alternating-
current motors. Opportunity. Apply by letter

estimating desirable.

training, experience
recent photograph.

Opportunity.
letter with complete details of age, education,
and salary
Location, Middle Atlantic.

MEN AVAILABLE
1925 GRADUATE ELECTRICAL ENGI-
NEER, Georgia Tech., age 24, sales and business
experience. Desires position with possibilities for

Apply by

desired with

stating tcchnical training, experience, age and,
required salary. Location, New York City.
R-9039.

;ELEOTR[CAL ENGINEER GRADUATES,
two, with several years' experience, for distribu-
tion department of large public utility. Op-
portunity to cnter commercial sales department.
Experience in overhead distribution layout and

R-9727-C.

INSTRUCTOR, clectrical 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 iletter, stating education. experience,
age, salary expected, and other details. Location,
New York City. R-90068.

advancement with public utility or electrical

contracting company. Location, preferably
Florida or Georgia. C-2004.
PLANT ENGINEER, MECHANICAL

SUPERINTENDENT OR MASTER ME-
CHANIC, mechanical enginocer, 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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XLEIN, FERNAND A., Engiaver, Publje Sorvico
Bleotric & Qas Qo., 80 Puric Pluco, Newark,

KOTHARE, MAY ADES BAPUXL, Ollet gl
neer, lroach Klpotrje Supply & l)avolopuwnb
Corp., Ltd., Broach, Indin.

KOovaLSKYy, JOSBEPH FRANIK. Electrical Bn-
glneor, Control Kungg. Dope., Westinghouse
KElec. & My, Co., HKasg Plotsburgh; res.,
Swissvale, 1y,

KOVEDIAEFP, BORIS E.,
Los Angeles, Oalir.

KUPRERLE, ARTHUR TROMMER, TInstru-
ment Roepalyr Man, Meter Laboratory, Union
Gas & Electric Co., 1107 Plum Sg.. Cinejn-
nati, Ohjo.

LAMANTIA. JOACHIM C., Student, Brooklyn
Polytechnic Institute, Brooklyn; res., New
York,N. Y,

LAPPIN, JOHN L., Electrical Draftsman, Gen-
oral 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, EDWA RD RALPH, Sales Engineer,
Weston Electrical Instrument Corp., 50
Church 8t., New York, N. Y.; res., Bayonne,
N.J.

MARKOVITS, JOSEPH ARPAD, Draftsman,
Woestinghouse 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.

1018 V. 73rd St.

McCULLOCH, HAROLD, Asst. Electrical
Engineer, Hydro-Electric Dept., Hobart,
Tasmania.

McGINNIS, NEIL W.. Chief Electrician, Para-
fine Co.’s, Inc., Vernon & Santa Fe Aves.,
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.

*McKEON, 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., J ackson, Mich.

NERGES, FRANK ANTHONY, Electrician,
U.S8.N.,U. 8. 8.0wlNo.2,N.O.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, IKomagome, Hongo, Tokyo,
Japan.

O'SHEA, M. VINCENT, Jr., 529 N. Pinckney
St., Madison, Wis.

OVERFIELD, G. BRYAN, Sales Engineer,
Burke Electric Co., 12th & Cranberry Sts.,
Erie, Pa.

INSTITUTE AND RELATED ACTIVITLES

*PANTON, HARRY A Eungineer, nBufralo
Cioneral Bleetrle Oo., Klectrie Bldy,, Buffalo,
I\!- Y

PABAY!OTI GEORGE N., Propristor 1i00k-
News & Novelgy Co., 852 Ponn 8., lteading,
Pa

PATEL, DAHYABF A BAKORBITAC, Itpsenrch
Work, ladlan Biectrical  Problems, e/o
HBrown Bover] & Co., Badon, S8witzerland

PETERSEN, MENRY N.. Load Dispatcher,
Grent Western Power Co. of Cualifornin
3720 Park Blvd., Oukland, Callf

PETERSON, JOUN WEYNOLD. Radio 1ntor-
ference Inspertor, Westorn Union Tealegraph
Co., 49 Geury S8t., Ban Francisco, Calif

PETTIT, ZACHARY 7. Uunderground Klectricul
Engineer, Los Angelos Gus & Klectrical Corp.,
810 8. Flower St., Los Angsles; res., San
Gabriel, Calif.

PHELPS, MERRICK W.,  Dist.
Pittsburgh Transformer Co., 601
Bldg., Buiralo, N, Y.

PHILIPSON, RALPH E.. Designer, Electric
Bond & Share ( 0., 65 Broadway, New York,
N.Y.

*PYLE, ALBER'T JOCELYN, Instructor, Elec.
Engg., Moore School of E. E., Univ. of
Penna., Philadelphia, Pa.

RAGG, FRED C., Electrical Engineer, Textlie
Dyeing Co. of America, Paterson, N. J.
RANSIORD, HERBERT EARL, Sales Engi-
neer, Henry N. Muller Co., 812 Westinghouse

Bidg. 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, JOIN WILLIAM, Instrument
Maker, Leeds & Northrup Co., 4901 Stenton
Ave., Philadelphia, Pa.

RODGERS, KARL F., Member, Technical
Staff, 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 Lahoratories, 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, Commonwealth
Edison Co., 72 w. Adams St., Chicago;
res., Cicero, Ill.

SCHOLZ, CHARLES BRADFORD,
Engineer, Interstate Utilities Co.,
Hutton 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.

Manager,
Electric

Plant
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TEINKAMP, WALTER Dissributor, X-Ruy
& Klectro Medjral Kaulpment, 26 Alpxander
By, Itochoster, N. ¥

TEVENS, EDWARD JAMIZS, Ju., Tnspsetor,
Gurney Blovator Co., [nc., 300 8th Ave
Now York, N. Y.: ros Beslle vt J

BTINSON MATCOLM TOSEPIL Kellof Opery.
Lor & Power Director, Montviile Power
Statlon. Uneasville, ros., Norwieh, Copn

BTUBBSY, WALTER W Eloetrical Ropalrman
Champion Couted Puper Co Namliton
Ohlo

BZAPPANYOSR ALESANDER Draftsman
Engy. Dept., Westinghouss £)ec. & M1y, o,
8haron, Py

THOMAS, RALPH EDWIN, Commerejal ¥n
gineor, Westinghouse Elec. & Mrg Co,,

1535 6uh 8t., Detrolt, Mich

THOMPSON, WILLYAM SCOTT, Pield ¥n-
wineer, Michigan 13ol| Telephone Co., 1365
Cass Ave., Detroit, Mich

TRACEY, FRANK 5. Manager & Treasurer,
Lockport & Nuwfune Pr. & Water Supply
€o0., 16 State St.. Middleport, N. Y.

TRACY, GORDON FREDERICK, Instractor,
Elec. Engg. Dept, University of Wisconsin,
Madison, Wis.

TRAINOR, JOHN FItAN« 18, Eleetrical In-
spector, Underwriters Laboratories, 40 ¢ ‘en
tral St., Boston; res., Fall River, Mass.

TURNER, WILLIAM FISHER, Employment
Interviewer, Brooklyn Edison Co., Inc.,
360 Pearl St., Brooklyn, N. Y.

WAGNER, VIRGIL CESBAIRE, Electrical Esti-
mator, Fischbach & Moore, Inc., 222 K, 42nd
8t., New York: for mail, Astoria, N, Y.

WASHBURN, JOIIN C. B. Right-of-Way Dept.,
Narrangansett Electric Lighting Co., Provi-
denco; res., East Greenwich, R. I.

WATLING, ROBERT GROVER, Engineer,
Plant Dept., Southern California Telephone
Co., 433 5. 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, JOHUN ANDREW, Electrical De-
signer, Philadelphia Electric Co.. 1035 Chest-
nut St., Philadelphia, Pa.

*WISSMANN, JOSEPH THEODORE, Receiv-
ing Engineer, Radio Corp. of America, River-
head, N. Y.

WOMER, CLAUDE EMORY, Supt. of Equip-
ment, Shamokin-NM¢t. 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.,
512 Planter's Bldg., St. Louis, Mo.

Total 161

*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

FLESHIEM, ROBERT STEPHENSON, Asst.
Manager, Elec. Dept., Allis-Chalmers Mfg.
Co., Milwaukee, Wis.

AMAHOOD, EDWIN TERRELL, Valuation
Engineer, Southwestern Bell Telephone Co.,
569 Boatman's Bank Bldg., St. Louis, Mo.

MEMBER REELECTED MAY 21,

SIMPSON, FRANK, Treasurer, The Collier-
Simpson Co., 500 East 102nd St., Cleveland,
Ohio.

MEMBERS ELECTED MAY 21, 1926

ALLEN, THOMAS SJIMMONS, 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, WILLIAM, Asst. Engineer, Dept.
of Development, Georgia Railway & Power
Co., Atlanta, Ga.

BURRI, JOSEPH JOHN, Supt. of Distribution,
Staten Island Edison Corp., Staten Island,
N 4=

CASTER, JOHN HERBERT, Dist. Engineer,
Hydro-Electric Power Commission of Ontario,
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., Springfleld, Mass.

McLEAYN, JAMES SINCLAIR, Construction
Supt., The J. G. White Enzineering 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 YE

THOMSON, OSCAR ROLAND, Asst. Supt.,
C. 0. 8., Hydro-Electric Power Commissjon
of Ontario, Belleville, Ont., Can.

TRETJAK, GREGORY TIMOTHY, Teacher,
Elec. Engg. Dept., Electrotechnical Institute,
Pessotchnaya 5, log. 6, Leningrad, Russia.

UPP, JOHN W., Ju., Electrical Engineer, Ohio
Brass Co., Mansfield, Ohio.

WILLISON, JOHN WRIGHT, Supt., Yorkshire
Klectric Pr. Co., 36 Park Place, Leeds,
Yorkshire, Eng.

FELLOW ELECTED MAY 21, 1926
KLOSS, MAX, Prof. of Elec. Engg., Technische

Jiochschule, Charlottenburg; for mail, Berlin-
Nikolassce, Germany.

TRANSFERRED TO GRADE OF FELLOW
MAY 21, 1926

DWIGHT, HERBERT BRISTOL,
Massachusetts  Institute of
Cambridge. Mass.

HEINZE, CARL A., Electrical Engineer in
charge of Distribution, Departinent of Water
& Power, City of Los Angeles, Los Angeles,

Professor,
Technology,

Callf.
OEHLER, ALFRED G. Editor — Ruailway
Electrical  Engineer, Electrical Bditor —

Raitway Age, New York, N. Y.

TRANSFERRED TO GRADE OF MEMBER
MAY 21, 1926

ANDERSON, EDWARD T, Electrical Engineer,
Board of Water & Electric Light Commission-
org, Lansing, Mich,

BACKUS, CYRUS
U. H.

D.,
Patent Office,

Principal Examiner,
Washington, D. C,

1926

INSTITUTE AND RELATED ACTIVITIES

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 We

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, WILLTAM G. H., Radio Editor and En-
gineer, International News Scrvice, New
York, N. Y.

GIBSON, E. 8., 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 8., Manager, Switchboard
Section Westinghouse Elec. & Mfg. Co.,
East Pittshurgh, Pa.

WHIPPLE, CLYDE C., Asst. Professor of Elec-
trical Engineering, Polytechnic Tustitute,
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 bhe 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
Advisory Engineer, Louisville, Ky.

STRENG, LEWIS S., Vice-President in chdrge of
Operation, Louisville Gas & Electric Co.,
Louisville, Ky.

and

To Grade of Member
AMES, NORMAN B., Assistant Professor of
Elcetrical Enginecring, George Washington
University, Washington, D. C.

BAILEY, RAYMOND, Chief Electrical De-
signer. Philadelphia Electric Co., Philadel-
phia, Pa.

CELIS, ATILIO, Manager-Engineer, Han Juan
Offlee of International General Electric Co.,
Inc., 8an Juan, P. R.

CHADWICK, RALPH H. Section
Transformer KEngineering Dept.,
Electric Co., Fort Wayne, Ind.

OLEARY, LEO H., Electrical Engineer, Standavd
Knglnecring Co., Washington, D, C.

EDISON, OSKAR E., Associato Professor of
Eleetrical  Engincerlng, University of
Nebraska, Lincoln, Nob,

TEDER, JOSEPH B. Electrical Engineer,
Chas. Cory & Son, Inc., New York, N. Y.

GARRISON, DWIGHT, Supt., Telephone Dept.,
Atlantic Refining Co., Philadeiphia, Pa.

Head,
Genoral
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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,
Tnternational 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 bheen 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 t0 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. g

Allen, J. G., Duquesne Light Co., Pittshburgh, Pa.

Ames, A. W., Lighting Dept., City of Seattle,
Seattle, Wash.

Auten, L. D, Cleveland Railway Co., Cleveland,
Ohio

Ballantine, R. A., Penn Electrical Engineering Co..
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, T'. 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. 1

Bergholtz, H., General Electric Co., Schenectady,
N.Y.

Binder, G. A., Ohio Brass Co., Chicago, 111,

Blake, T. J., Public Service Co. of Colorado,
Denver, Colo.

Bodge, H. H., (Member), Fall River Electric
Light Co., Fall River, Mass.

Borgeson, 5. ., Western Electric Co.,
Hawthorne Sta., Chicago, Tll.

Bornholz, . J., (Member), Shanghai Municipal
Council, Shanghai, China. (TFor mail, San
Ifrancisco, Calif.)

Bothwell, I'. A., General Electric Co., Hchenec-
tady, N. Y.

Boyere, E. I&., (Member), Electrical Specialist,
Erie, Pa.

Brackett, N. W., Puget Sound Power & Light Co.,
Seatile, Wash.

Bralthwaite, W. 8., lidison Klec. Illuminating Co.,
Boston, Mass. (Applicant for re-elaction.)

HBrennon, L. A., General Klectric Co., Erlo, Pa,

Bristow, . N., H. B. Squires Co., Sontlle, Wash.

Brown, J. ., Trl-State Collogo, Angola, Ind.

Brown, L., City of Heattle, Lighting Dept.,
Hoattle, Wash.

Inc.,
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Buchanan, K, C., The Pacifle Tol. & Tel. Co.,
Portland, Oyo, (Applicant for re-olection.)

Burckett, D. M., Geueat Northern Rallway,
Seattle, Wash.

Burrow, p., Supt. of Power Plant, Dryden, Wash.

Bustillo, I, §, Mexican Light & Power Co.,
Mexico D. I, Mox.

Butler, w,. C., The Pacific e, & Tel, Co.,
Seattle, Wash.

Butow, 1. w. C., Paclfic Coast Steel Co., 8. San
Francisco, Calir,

Butt, 1, H., Westinghouse Rlec. & Mfg. Co.,
East Plttsburgh. Pa.

Campbell, . L., Toronto Hydro-Electrie System,
Toronto, Ont., Can.

Carrick, J. F. C., General Electric Co., Niagara
Falls, N. Y.

Carter, T. B. Cumberland Tel. & Tel. Co.,
Louisville, Ky. (Applicant for re-election.)

Chambers, H. D., Puget Sound Power & Light
Co., Seattle, Wash,

Christianson, [. C., Puget Sound Power & Light
Co., Tacoma, Wash.

Cirella, L. E., Simplex Wire & Cable Co., Cam-
bridge, Mass.

Cooper, R. F., Miller Rubber Co., Akron, Ohio

Crago, 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, 111

de Vries, B. D., Dugquesne 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. 8. 8. Arizona, San Francisco,
Calif.

Duevel, C. O., Jr., Consumers Central Heating
Co., Tacoma, Wash.

Dufty, L., Puget Sound Power & Light Co.,
Seattle, Wash.

Eveland, G. H., Feather River Power Co., San
Franeisco, Calif. :

Fagan,H.J., 1555 Walton Ave., Bronx, New York,
N

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., Pittshurgh,
Pa.

Giangrande, D, M., The New Yark Edlson Co.,
New York, N. Y.

Glbney, 1, |, Lighting Dopt., Clty of Seattle,
Seattle, Wash,
Gibson, Ir, C., Edison
Soattle, Wash,

Gillls, M. D., General Electric Co., Krie, Pa.

Gilson, W, J., Oanadian & General Finunce Co.,
Toronto, Ont., Can.

Goyne, T. 8., Goyne Steam Pump Co., Ashland,
Pa.

Graul, I%. A, Duquesne Light Co., Pittaburgh, Pa.

Graves, J. M,, (Member), Duquesne Light Co.,
Pittsburgh, Pa.

Hall, I.E., Roller-Smith Co., Betlilehem, Pa.

Hansen, T. A, Puget Sound Power & Light Co.,
Seattle, Wash

Harkins, p, S., Bell Telephone Co. of Pa., Phila-~
delphia, Pa,.

Harrell, F. | Reliance Electric & Engineering
Co., Cleveland, Ohio

Hartle, W. G., General Electric Co. Schenectady,
N. Y.

Haskens, A. J., Union S8witch & Signal Co.,
Swissvale, Pa.

Helander, W, N., Puget Sound Power & Light
Co., Olympia, Wash,.

Hicks, L. v, (Member), W estinghouse Elec. &
Mfg. Co., East Pittsburgh, Pa.

Hillock, J. F., Duquesne Light Co., Pittsburgh,
Pa.

Hite, J. W., Relianco Electric & Engineering Co.,
Cleveland, Ohio

Hoehn, E. H., Union Electric Light & Power Co.,
St. Louis, Mo.

Storago Battory Co.,

- Hults, The Ohio Public Service Co., Warren, Ohio

Hurlburt w. O., 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. v

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., Pittshurgh,
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. & NMfg. 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, Ine., New
York, 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,
INFYa:

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.

Journul A. ], B. 5.

McNichall, J, 1.
Depew, N. Y.

Means, .. ., Goeneral IKleetrle Oo. Schenoctady,
N WY s

Merritt, D. F., Famous Playor
Hotlywood, Calif

Merry, I. 8., Toronto Hydro-Ijectric Systom
Toronto, Ont., Can

Metealf, J. 1., Day & Zimmermann, In , Phila-
deiphia, I’a.

Monroe, I, J., Westinghouse Ilec. & Mftyg, Co.,
Philadelphia, Pa.

Moore, I1. A., (Member), U. 8, Smolting, Refining
& Mining Co., Logan, Utah

Moore, 8. A, Holeproof Hoslory Co., Milwaulkee,
Wis.

Mueller, W, H., Paciflc 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., Schenee-
tady, N. Y.

Offrutt, H. V., Asst. Vice-Pres., Firkt National
Bank; Kentucky Title ¢ ‘0., 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 Electrie ¢ ‘0., Schienectady,
N.Y.

Pfeifer, w. A. (Member), Tri-State - ‘ollege,
Angola, Ind.

Phipps, P, Toronto Hydro-Electric
Toronto, Ont., Can.

Pixton, W. G. General Electric Co., Schenectady,
N.Y.

Piza, J. G., General Electric Co., Schenectady,
N. Y.

Quallins, G. A, 237 W. 70th 8t., New York, N. Y.

Rasmussen, D, Duquesne Light Co., Pittshurgh,
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., Pittshurgh, 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., Bethichem Steel Co., Bethle-
hem, Pa.

Schlegel. R. D., Potomac Electric Power Co.,
Washington, D. C.

Schifreen, (. S., Philadelphia
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., Beechhottom 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.

Gould Storage Tattery Oo,,

Lasky ©o.,

System,

Electric Co.,

i —

|jll

i
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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., Pittshurgh, 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.,
Qakland, 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. 8., Prudential Insurance Co.,
Newark, N. J.

Willits, R. F., Public Service Electric & Gas Co.,
Camden, N. J.

Woodhouse, G. E., Hydro-Electric Power Com-"

mission, Toronto, Ont., Can.
(Applicant for re-election.)

Wright, R. B., Puget Sound Power & Light Co.,
Seattle, Wasi.

Yoder, N. W., Leeds & Northrup Co., Phila-
delphia, Pa.

INSTITUTE AND RELATED ACTIVITIES

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 lowa

Copeland, Luther W., Georgia
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, Bepjamin 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 1llinois

Heath, Elroy E., Northeastern Univ.

Heer, Fred A., Jr., Iowa State College

School of
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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., Stovens 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 Coliege
Matthews, Alfred C., Jr., Ohio Northern Univ.
MeDonald, 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 AL 1. K. F. | 925-1926

PRESIDENT
(Terma expires July 41, 1v26)
M. I PUPIN

- JUNIOR PAST PRESIDEN TS
(Term ¢2pires July 31, 1020) (Term cxpires July 31, 1027)
HARRIS ). RYAN

FARLEY 0SGOOD
) VICBnPRES_lDENTS
:{Te;n(\;!‘elmm July 38, 1020) (Terma expire July 31, 1927
A DB SMITH (District No. 1) P. M DOWNING (District No. 8§
EDWARD BENNETT (Distriet No. 5) HERBERT S SANDS (District N 6)
{OR NHARISBERGER (DistrieNs.0) Wk MITCHPLL (Dictsios Mo v}
RTHUR (. PIERCE (District No, 2)
W. p. DOBSON {District No. 10)

) MANAGERS
(Terms expire July 31, 1028) (Terms expire July 31, 1028)
H. M. HOBART B. EAD
ERNEST LUNN 1'0th BBR\X\};@?EH "
G. L. KNIGHT B. B. MERRIAM

(Terms expire July 31, 1027) (Terms expire July 31, 1029)
W. M. McCONAHEY - M. FOWLER
W. K. VANDERP()EL }L{{ A KIDDIY“:R
H. P, CHARLESWORTH E. C. STONE

NATIONAL TREASURER NATIONAL SECRETARY
(Terms expire July 31, 1926)
GEORGE A, HAMILTON F. L. HUTCHINSON

HONORARY SECRETARY GENERAL COUNSEL

RALPH W. popPE PARKER & AARON
30 Broad Strect, New York
—_——
PAST-PRESIDENTS—IBs4-1926

*Norvin GREEN, 1884-5.6. *SAMUEL SHELDON, 1906-7.
*FRANKLIN L. Pore, 1886-7. *Henry G. Srorr, 1907-8.
*T. CoMMERFORD MarTIN, 1887.8. Louis A. PerGuson, 1008.9.
Epwarn WesTon, 1888.9. Lewis B. STiLLwELL, 1909.10
ELimnu THowmsoN, 1889-90, DuGaLn C. JAacksoN, 1910-11
*WitLiam A, ANTHONY, 1890-91. GaNo Dunx, 1911.12.
*ALEXANDER GRrAHAM Berr, 1891-2.  Rarpu D. MEersnon, 191213
PRANK JuLian SPRAGUE, 1802.3. C. 0. MAILLoUX, 1913-14.
*EpwiIn"J. HousTton, 1893-4.5, PauL M. LincoLN, 1914-15,
*Louis Duncan, 1895-6-7, {IOHN J. Carty, 101516,
*FRrRANCIS Bacon CrockER, 1897.8. - W. Buck, 1916.17.

- E. KenneLLY, 1898-1900. E. W Rice, JRr., 1917.18.
* CARL Hering, 1900-1. COMFORT A, Apams, 1918-19,
*CHARLES P. STEINMETZ, 1901-2. CALVERT TownLey, 1919-20,

HARLES F. Scort, 1902-3. 3 BERRESFOKD, 1920.21
Bion J. ARNOLD, 1903-4. WiLLiam McCreLLAN, 1921-22,
Joun W. Ligg, 1904-5. Frank B. TrwerT, 1922.23.
*SCHUYLER SKkAATS WHEELER, 1905.6. Harris J. Rvyan, 1923.24.

FaRLEY OsGoon, 1924.25.

—_—

LOCAL HONORARY SECRETARIES

T. 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. 8. 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. Pawell, Canterbury College, Christchurch, New Zealand.
Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. )
w. Elsdon-Dew, P. 0. Box 4563, Jo‘hannesburg, Transvaal, Africa,

*Deceased.

A.1.E. E Committees

GENERAL STANDING COMMITTEES

EXECUTIVE COMMITTEE
M. L. Pupin. Chairman, 1 W. 72nd St., New York
Parley Osgood. Vice-Chairman )
- P. Charlesworth, G. A. Hamilton,
H. W. Eales

G. L. Knight,
W. K. Vanderpoel.

FINANCE COMMITTEE

G. L. Knight, Chairman, Pear]l & Wi]lou%\hby Sts., Brooklyn, N. Y
B L. F. Morehouse ". K. Vanderpoei

MEETINGS AND PAPERS COMMITTEE

B. Mever, Chairmian, 80 Park Place, Newark, N. J.
H. Hubert, Secretary, 33 W. 39th St., New York .
W. Berresford, H. W. Eales, C. E. Skinner
E. P. Creighton, J. E. Macdonald, Harold B. Smith.

L. W W. Morrow X . .
Chairman of Committee on Coordination of Institute Activities, ex-officio.
Chairmen of technical committees, ex-officio.

PUBLICATION COMMITTEE

. F. Morehouse, Chairman, 195 Broadway, New York
If;. L. H:{cehic:xl;:n, ' Donald McNicol, J. H. Morecroft.
. Meyer,
COMMITTEE ON COORDINATION OF INSTITUTE ACTIVITIES

i . 31 Nassau Street, New York, N. Y.
F?rl%{?jgﬁ?:s'og? sirman. 3 AR W. 1. Slichter,
G. L. Knight, L. F. Morehouse, Harold B. Smith.
BOARD OF EXAMINERS

i i . Polytechnic Institute of Brook] n, Brooklyn, N. Y.
i 5 Hausmaan, Cha]rmaﬁaroc;dyégog;vin, Ts. W. M. McConahey,

E.
E.
A.
E.

. B rase,
it,’ V. lhaes, N. L. Pollard,
P o, P V. Magalhae W. I Slichter,

INSTITUTE AND RELATED ACTIVITIR

Joyranl A, 1. K B

BECTIONS COMMITTRBE

Warcester Polytechnie Ingtitute. W
H“;?dlll:hsu?:"h Chﬂlrmng’ [g‘o ouwenhoven Herbert 8. Bag,

Magnusson,
Chsirmen of Sections, ¢s-0fcio

COMMITTEE ON STUDENY HRANCYHRES

. E. Magnusson, Chgirmman, University of Waghingtan Heattle, Wash,
C, Prancis Charles P, Beott W. H. Timbia

« Prancis Hardjng, lh‘.rold B st
Studeny Branch Counselors, cx

MEMBERSHIP COMMITTER

ter, Mnu.

J. L. Woodress, Chairman, 1806 Pine Street, 8t. Louis, Mo

R. B. Bonney :

~ E. B. Dorting L. 8. O'Roark

é. hld( Ié;l};;r:,;, Mateer, George 1. Qutnan,

H, C. Don Carlos 8. H. Mortensen, A. B. Soderholm,
Chairmen of Seetion membership committees, ex-0ficio

HEADQUARTERS COMMITTER

H. A. Kiddar, Chairman, 00 W 56t Btreet, New York
L. Hutchinson, G. L. Knight,

LAW COMMITTEER
W. 1. Slichter Chairman, Columbia University, New York
H. H. Barnes, Jr., L. P. Morehouse, Charles A, Terry.
R. P. 8chuchardt,

PUBLIC POLICY COMMITTER
(‘Eano Dunn, Chairman, 13 Exchange Place, New York .
A. W. Berresford, F. B. Jewett, Willigm McClellan,
H. W, Buck, John W. Lieb, Harris J. Ryan,
STANDARDS COMMITTEE
Executive Committee

H. 8. Osborne, Chairman, 195 Broadway, New York

H. E. Parrer. Secretary. 33 W. 391h Street, New York

W. A. Del Mar A. M. MacCutcheon, C H. Sharp

H. B. Gear, Pranklin Meyer, C E. Skinger,

C. R. Harte, D. Newbury, W. 1. Slichter

H. M. Hobart, Harold Pender, R. H. Tapscott,

H. A. Kidder P. L. Rhodes. H. R. Woodrow,
L. T. Robinson,

Ex-officio
Chairmen of Working Committees . .
Chairmen of A. 1. E. E. delegations on other standardizing bodies.
EDISON MEDAL COMMITTEE

Appointed by the President for term of five years.
(Terms expire July 31, 1926)

B. A. Behrend, Tohn H. Finney, C. S. Rufiner.
(Terms expire July 31, 1927)
Gano Duan, Chairman, P. A. Sche er, W. R. Whitney.

(Terms expire July 31, 1928)
n,

C. C. Chesney, Robert A. Millika M. I. Pupin.
(Terms expire July 31, 1920)

N. A. Carle, W. C. L. Eglin, John W. Lieb.
(Terms expire July 31, 193M

George Gibhs, Ralph D. Mershon.

Elected by the Board of Directors from its own membership for term of two years.
(Tern}s expire July 31, 1926)
Harrig Ryan, Harold B. Smith.
(Terms expire July 31, 1927)
Farley Osgood. A. G. Pierce.
Ex-Officio
M. I. Pupin, President, ) George A. Hamilton, National Treasurer,
F. L. Hutchinson, National Secretary

COMMITTEE ON CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT

Tohn W. Lien, Chairman, 124 E. 15th Street, New York
C. A. Adams, . Faccioli, L. P. Morehouse,
A. H. Babcock, R. D. Mershon, C. E. Skinqer.

COMMITTEE ON AWARD OF INSTITUTE PRIZES

E. B. Meyer, Chairman, 80 Park Place, Newark, N. J.
L. F. Morehouse, Percy H. Thomas.

COMMITTEE ON AWARD OF COLUMBIA UNIVERSITY SCHOLARSHIPS

W. L. Slickter, Chairmag, Columbia University, New York
Francis Blossom, H arpenter.

amuel Insull,

L. PR Morehouse,
W. P. Dobson,

COMMITTEE ON SAFETY CODES

Paul Spencer, Chairman, 1401 Arch St., Philadelphia, Pa.
A. Barron, H. B. ar, R. W.E, Moore,

Philander Betts, P. J. Howe, Farley Osgood

W. I. Canada, L. C. Lisley, eorge O%inan,
R. N. Conwell, 1. G. Lloyd. Joseph Sachs,

J. V. B. Duer, Ernest Lunn, H. }{ Sargent,

I. C. Forsyth Wills Macl:nch]an, W. H. Sawyer,
R. C. Fryer, . C. Martin, M. L. Sindeband,
D. H. Gage, J. E. Moore, H. S arren.

SPECIAL COMMITTEES

) LICENSING OF ENGINEERS
Frangxs Blossom, Chairman, Sanderson & Porter, 52 Wijliam Street, New York
H. W. Buck, Gano Dunn, E. W. Rice, Jr.
L. E. Imlay,

TECHNICAL ACTIVITIES

A. G. Pierce. Chairman, 1239 G di i i
H. P. Charlesworth, H M uﬁgbfrr{,Bu“dmg' ij.eg.]av'\"%'n?ﬂga.

H. A. Kidder, |




June 1926 INSTITUTE

TECHNICAL COMMITTEES
COMMUNICATION

H. P. Charl th, Chairman, 195 Broadway, New York

R L. Baear‘: Ny - "-D. H. Gage, v Lieut. Comm. B. B. Ralston,

0. B. Blackwe;l S. P. Grace, F. A. Ravmond,

L. W. Chubb P. J. Howe, Chester W. Rice,

Charles E Davies, F Kroger, J. K. Roosevelt,

H. W. Drake, N. M. Lash, H. A. Shepard,

Major P. W. "Evans, Rav H. Manson, John F. Skirrow,

R. {) Evans, R. D. Parker. E. B. Tuttle,

E. H. Everit, H. S Phelps, E. A Wolff,

L. F. Fuller, C. A. Wright.

EDUCATION

Harold Pender, Chairman, Umversxty of Pennsylvania, Philadelphia, Pa.

C. A. Adams, C. E. Eveleth, Ha: ro 1d B. Smith,
Bion J. Arnold, D. Jackson R Sorensen,
Edward Bennett, F. B. Jewett, B. W hitehead,
Gano Dunn, Farley Osgood, ‘W R. Whitney,
W. C. L. Eglin, 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., Schenectad\' Nea Yo
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. Newbhury,
B. L. Barns. Harold Goodwin, Jr., N. L. Pollard,
B. A. Behrend, J. L. Hull, R. F. Schuchardt,
A. C. Bunker, Vi Karapetoﬂ', C. E. Skinner,
James Burke, A. H. Kehoe, Al Still,

alter M. Dann, A. E. Kennelly, R. B. Williamson.

ELECTROCHEMISTRY AND ELECTROMETALLURGY

G. W. Vinal, Chairman, Bureau of Standards, Washington, D. C.
Lawrence Addlcks A. J. Fitzgerald, Carl G. Schluederberg

Arthur N. Anderson, W F. Hendry, Magnus Unger,

T. C. Atchison, Walter E. Holland J. B. Whitehead,
Farley G. Clark, F. A, Lidbury, } il Woo_dbndge
Safford K. Colby, Wm. A. Moore, L. McK. Yardley.

ELECTROPHYSICS
J. H. Morecroft, Chairman, Columbia University, New York
V. Bush, A. E. Kennelly, Harold Pender,
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