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THE CHOICE 5
af %
LEADING !

MANUFACTURERS

For over four years Thordarson
transformers have predominated in
the receivers and power units of
leading radio manufacturers,

it ite

Such patronage is not an accident.
It stands as a positive proof of a
superiority of product. It demon-
strates the effectiveness of a policy
of service rendered to the n’th de-
gree by an efficient and smooth
© running organization.

We aré at present manufacturing
over twelve hundred different types
of transformers. Among our cus-
tomers are more than a hundred
radio manufacturers.

Thordarson engineers always stand
ready to help you with your trana-
former problems.

PROMPT DELIVERY
RIGHT PRICES

mmm . mmm-mﬁ AT

HORDARSON

2 ADIO
I | Jupreme in Musical Performance
G = TRANSFORMERS ;

THORDARSON ELECTRIC MANUFACTURING CO.

y Transformer sbecialists since 1.
WORLD’S OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS

Chicago, U.S.A.




Reliability
Even where particularly exacting conditions require

capacitors of proven reliability, the usual choice is
Faradon.

This fact has held true for more than twenty years—
convincing evidence of the regard held for Faradon
Capacitors by leading electrical and radio engineers.

Our staff is always ready to assist in solving your
special requirements not covered by the more than
200 types of Faradon Capacitors ready for prompt
delivery.

WIRELESS SPECIALTY APPARATUS CO.

JAMAICA PLAIN, BOSTON, MASS., US.A.
Established 1907

aradon

Electrostatic Condensers
for All Purposes
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New
Bulletins

Roller-Smith has recently issued two new
Bulletins.

No. K-160 covering Types GSA, HTA and ISA
portable, alternating current ammeters, milli-
ammeters, voltmetcrs, volt—ammeters, wattmeters,

frequency meters, power factor meters and trans.
formers.

No. K-400 cover-
ing Types TD and
FD, 314" and 4”
panel type, direct
current ammeters,
milliammeters,
voltmeters, miili-
voltmeters and
volt-ammeters.

Copies of these Bulle-
tins will gladly be sent
to anyone on request.

“Over thirty years’ experience is back of Roller-Smith”

PiElectviccﬂMeasuving_and Protective Apparatus
Main Office: Works:

2134 Woolworth Bldg. Bethlehem,

New York Pennsylvania

Offices in principal cities in U. S. A. and Canada.
Representatives in Australia, Cuba, and Japan

When writing to aduvertisers mention of the PROCEEDINGS will he mutually helpful.
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N EITHER great men nor great
products require a long story about their virtues. Their
very manner of existence and daily accomplishments
tell all that the onlooker needs for appreciation and en-
dorsement. Certain automobiles, for example, have
won such confidence that no high-pressure selling is re-
quired. Their makers know that all the world would
own them. And so with Kolster Radio. Such faith-
fulness in tone quality, such extraordinary selectivity
and such distinguished appearance have created,
by their presence in thousands of homes in every
State in the Union, a powerful structure of confidence
within the public mind. Glowing praise is irrelevant
when this exists. Itis enough to hear on all sides the

quiet remark, “Kolster is a fine set.”

KOLSTER RADIO CORPORATION,
NEWARK, NEW JERSEY

¢c) 1928, Kolster Radio Corporation

When writing to advertisers mention of ihe PROCREDINGs will be mutually helfful.
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Robeits

Used by Leaders Because They
are the Leaders in their Field!_,......

Resistors, Powerohms and Grid Suppressors are used by such organiza-
tions as the Western Electric Company, General Electric Company,
Westinghouse, and Bell Laboratories, the U. S. Government and by
the foremost experimental laboratories in this country. With many
forms of resistances from which to choose, it should be highly signifi-
cant that the most important radio and electrical laboratories and
manufacturers have standardized on Durhams. The reasons are plain.
First—there is a Durham resistance unit for every practical need up to
100 volts. Second—the Metallized principle has proved its utter superi-
ority over many years. Third—Durham accuracy and uniformity can
be relied upon regardless of the type of resistance or the purpose for
which it is used. Each succeeding year sees more manufacturers,
laboratories, dealers, jobbers and professional radio men using Dur-
hams (such leadership must be deserved). Descriptive literature on the
entire Durham line gladly sent upon request.

JHETALLZED

RESISTORS & POWEROHMS

International Resistance Company, 2006 Chestnut Street, Philadelphia, Pa.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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WHOLESALE RADIO
HEADQUARTERS

Oﬂicial Distributors
for Leading Radio
Products |

= »ﬁ@ the world’s largest dis-
i \3ll tributors, jobbers and
oy At wholesalers of a varied
line of radio products, the
W. C. Braun Co. offers to
manufacturers, dealers and custom
set builders, a most useful and
necessary service.

For the dealer and custom set builder we furnish a quick, easy, convenient and
economical means of securing any merchandise desired on instant notice by letter,
wire or in person. To be able tc secure such service, all under one roof, without
going to the trouble of buying from a dozen or a hundred different sources, cer-
tainly is a service that is well worth while to the manufacturer as well as to the
Radio Trade.

Selections—V ariety—Service

The list of well-known radio lines represented by us includes practically all the
famous names in the radio industry. Besides carrying large selections of varied
lines of products of leading parts, equipment and accessory manufacturers, we dis-
tribute well-known lines of radio sets and co-operate with our dealers in adver-
tising, window and store displays and in furnishing proper sales aids to insure
successful business. In. the small-town field as well as. in larger radio centers, Braun
service means much to the dealer and professional radio man.

Headquarters for Custom Set Builders
We are headquarters for the parts of the country’s leading parts manufacturers’

products, used in the ‘sading circuits. Parts and supplies for any published radio
circuit, whether short wave or broadcast, .are immediately available from our stock

Manufacturers desiring a distributing outlet furnishing world-wide service, are in-
vited to take up their problems with us. Dealers, custom set builders and engineers
will find here an organization keyed to fill their needs promptly and efficiently and
a request on their letterhead will bring a copy of the Braun’s Radio Buyers’ Guide
—the bible of the radio industry.

W. C. BRAUN COMPANY

Pioneers in Radio
600 W. Randolph St.

CHICAGO
ILLINOIS

When writing to advertisers mention of the PROCEEDINGs will be mutually helpful.
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CONDENSERS

Universal Precision Instruments Which Are Adapt-
able To Any Circuit and Can Be Mounted For All
Sorts of Drives and Ganged In Any Number.

Let the USL
Engineers co-
operate with
you in solving
your condenser
problems. We
are always glad
to quote on
special
specifications.

Universal
Compact Type
UXB Brass

Condenser

(Note Remov-
able Shaft)

Type UXB Three Gang Condenser

This fine job, which is small and compact is especially suited for

shielded work.

They can he had in either

The popular type

UXB Condensers are used.
.D05MF or .00035MF Capacities.

UNITED SCIENTIFIC LABORATORIES, INC.
115-C Fourth Avenue, New York City

BRANCH
OFFICES

Cincinnati

Los Angeles
Philadelphia
San Francisco
Canadian Offices
London, Ontario

NITEDSCIEN AR

BRANCH
OFFICES
St. Louis
Chicago
Boston
Minneapolis

When writing to advertisers mention of the PROCEEDINGs will be mutually helpful.
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~ Current Surge —

-« WithMetal Filament
with Arcturus Carbon Flament

. 4

10 - Z:O

<+ Zime 11 Second's

| _ z

Arcturus Tubes Immune To Line Surge

NVESTIGATION establishes that
the majority of A-C tubes are de-

stroyed by current surges set up as
the voltage is applied. The exteat of
these surges is illustrated in the ac-
companying graph.

The probable life of a tube can only
be determined by an intermittent life
test in which the tube is turned on
and off every hour or so, simulating
normal operating conditions. A
steady burning over a period of

time is worthless. It is no indica-
tion of the performance of the tube
under actual service (internrittent)
eonditions.

Undersuch testsArcturusA-CTubes,
regardless of heater voltage, indicate
an average life wellin excess of 2,000
hours—u fact of interest to the engi-
neer and of paramount importance to
his ultimate judge, the broadcast lis-
tener! Arcturus Radio Co., 255 Sher-
man Avenue, Newark, New Jersey.

Engineering Facts Have A Utility
Significance To The Ultimate Listeners

ARCTURUS

A-C LoNnG LIFE TUDBES

When writing to advertisers mention of the ProCEEDINGS will be mutwally helpful.



MANUFACTURING COMPANY

" spect—must take advantage of each progres-
sive step in the industry. Scovill places at your
disposal a department of research and experimentation
that has contributed items of unquestioned value to
the modern radio. In addition, when you place orders
with Scovill, you get the services of a modern efficient
organization where scientific control of manufacture,
quality of metal and careful workmanship are of para-
nmount importance.

Scovill means SERVICE to all who require parts or finished
products of metal. Great factories equipped with the last word
in laboratories, and modern machinery manned by skilled work-
men, are at your disposal. Phone the nearest Scavill office.

SCOVILL

Waterbury, Connecticut
NeEw York - CHicaco - BostoN - SaN FRrancisco

DETROIT - PHILADELPHIA - Los ANGELES - ATLANTA
PROVIDENCE - CLEVELAND - CINCINNATI

Member, Copper and Brass Research Association

When writing to advertisers mention of the PROCEEDINGs will be mutually helpful.
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Progress n

the radio art is
measured by the
development of
RCA Radiotrons.

RADIO CORPORATION OF AMERICA NEW YORK CHICAGO SAN FRANCISCO

RCA Radiotron

MADE BY MAKERS OF THE RADIOLA

Y U O VvV VUrUVYYV vV VYV

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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SUGGESTIONS FOR CONTRIBUTORS TO THE
PROCEEDINGS

Preparation of Paper

Form—Manuscripts may be submitted by member and non-member contributors from any
country. To be acceptable for publication manuscripts should be in English, in final
form for publication, and accompanied by a summary of from 100 to 300 words. Papers
should be typed double space with consecutive numbering of pages. Footnote references
should be consecutively numbered, and should appear at the foot of their respective pages.
Each reference should contain author’s name, title of article, name of journal, volume;
page, month, and year. Generally, the sequence of presentation should be as follows:
statement of problem; review of the subject in which the scope, object, and conclusions
of previous investigations in the same feld are covered; main body describing the ap-
paratus, experiments, theoretical work, and results used in reaching the conclusions;
conclusions and their relation to present theory. and practice; bibliography. The above
pertains to the usual type of paper. To whatever type a contribution may belong, a close
conformity to the spirit of these suggestions is recommended.

Illustrations—Use only jet black ink on white paper or tracing cloth. Cross-section paper
used for graphs should not have more than four lines per inch. If finer ruled paper is
used, the major division lines should be drawn in with black ink, omitting the finer di-
visions. In the latter case, only blue-lined paper can be accepted. Photographs must
be very distinct, and must be printed on glossy white paper. Blueprinted illustrations of
any kind cannot be used. -All lettering should be 3/w in. high for an 8 x 10 in. figure.
Legends for figures should be tabulated on a separate sheet, not lettered on the illustrations.

Mathematies—Fractions should be indicated by a slanting line. Use standard symbols.
Decimals not preceded by whole numbers should be preceded by zero, as 0.016. Equations
may be written in ink with subseript numbers, radicals, etc., in the desired proportions.

Abbreviations—Write a.c. and d.c., ke, uf, wpf, emf, mh, ph, henries, abscissas, antennas.
Refer to figures as I'ig. 1, Figs. 3 and 4, and to equations as (3). Number equations on the
right, in parentheses.

Summary—The summary should contain a statement of major conclusions reached, since
summaries in many cases constitute the only source of information used in compiling
scientific reference indexes. Abstracts printed in other journals, especially foreign, in
most cases consist of summaries from published papers. The summary should explain
as adequately as possible the major conclusions to a non-specialist in the subject. The
summary should contain from 100 to 300 words, depending on the length of the paper.

Publication of Paper

Disposition—All manusecripts should be addressed to the Institute of Radio Engineers, 33 West
39th Street, New York City. They will be examined by the Committee on Meetings and
Papers and by the Editor. Authors are advised as promptly as possible of the action
taken, usually within one month.

Proofs—Galley proof is sent to the author. Only necessary corrections in typography should
be made. No new material is to be added. Corrected proofs should be returned promptly
to the Institute of Radio Engineers, 33 West 39th Street, New York City.

Reprints—With the notification of acceptance of paper for publication reprint order form is

sent to the author. Orders for reprints must be forwarded promptly as type is not held
after publication.
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Arthur Batcheller
MEMBER OF THE BoARD oF DiRECTION OF THE INSTITUTE, 1928

Arthur Batcheller was born at Wellesley, Massachusetts, in 1888. He
studied electrical engineering for three years at the Y.M.C.A. Polytechnic
School at Boston, Mass., and was instructor for four years in radio and
electricity at the evening sessions of the Boston School of Telegraphy.
Mr. Batcheller was assistant to the electrical engineer in charge of instal-
lation and maintenance of railroad electric signal system for the Boston,
Revere Beach, and Lynn Railroad for four years. From 1915 to 1916 he
was employed as chief electrician for the Eastern Steamship Corporation
at Boston, and from 1917 to 1919 he was U. S. Radio Inspector in charge
of the New England District. In 1919 he became associate partner and
founder of the Massachusetts Radio Telegraph School. Mr. Batcheller
accepted an appointment as Radio Inspector in charge of the Second Radio
District in 1920 with headquarters in New York. He has served as Super-
visor of Radio since that date.

In 1925 he was commissioned a Lieutenant Commander in the United
States Naval Service.

Mr. Batcheller is a member of the Committee on Conference to study
safety of life at sea to be held in London in 1929. He was elected to Associ-
ate membership in the Institute in 1914 and was transferred to the Mem-
ber grade in 1920.

Mr. Batcheller was appointed a member of the Board of Direction by
the Board for a one year term in January of 1928,
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CONTRIBUTORS TO THIS ISSUE

Bashenoff, Valerian I.: Born January 9, 1890 at Kostroma, U.S.8.R.
E. E. degree, Polytechnical High School, 1918; in charge of radio engineer-
ing, 1918-1920. Engineer in charge at State Radio Works, Moscow, 1920-
1921. Docent in radio engineering at Moscow Technical High School,
1921; associate professor of radio engineering at the Moscow Transport
Engineers Institute, 1924-1928. Charter Member (1918) and Secretary
(1919- ) of the Russian Society of Radio Engincers. Secretary of the
All-Russian Radio Association, 1921-1925. Since 1921 chief enginecr of
the radio department of the State Electrical Research Institute. Since
1927 technical editor of radio engineering section of the Technical Ency-
clopedia.. Member of the American Association for the Advancement of
Science; Member of the Institute of Radio Engineers, 1927.

Colwell, Robert C.: Born October 14, 1884 at Fredericton, N. B,
Canada. A. B. degree, Harvard University; A. M. degree, University of
New Brunswick; Ph. D. degree, Princeton University; professor of physics,
Geneva College, 1913-1923; assistant director of radio laboratory, West
Virginia University, 1918-1919; professor of physics, West Virginia Uni-
versity, 1924- . Member American Physical Society, Franklin Insti-
tute, American Mathematical Society. Associate member, Institute of
Radio Engineers, 1921.

Dellinger, J. H.: (See ProceEpings for May, 1928:)

Dickey, Edward T.: Born November 16, 1896 at Oxford, Penna.
B. S. degree, College of the City of New York, 1918. Amateur experi-
menter, 1908-1918. Marconi Wireless Telegraph Company of America
and Radio Corporation of America, 1918 to date. Chairman of the Sub-
committee on Receiving Sets of the Standardization Committee, I.R.E.,
and member of the Meetings and Papers Committee, 1928. Fellow in the
Radio Club of America; Junior member, Institute of Radio Engineers,
1915; Associate, 1917; Member, 1923.

Engel, Francis H.: Born July 19, 1899 at Washington, D. C. Edu-
cated at George Washington University, Washington, D. C. With
National Electrical Supply Company, 1917-1918; U. S. Naval Radio
Service, 1918-1919; radio laboratory, U. S. Bureau of Standards, 1919-
1923; Radio Corporation of America, 1923 to date. Associate member,
Institute of Radio Engineers, 1925; Member, 1928.

Harrison, J. R.: Born September 26, 1903 at Bosion, Massachusetts.
B. 8. degree, Tufts College, 1925; M. A. degree, Wesleyan University,
1927. Electrician, Boston and Maine Railroad, 1921-1925. Assistant in
physics, Wesleyan University, 1925-1927. Charles A. Coffin Fellow
(Charles A. Coffin Foundation established by the General Electric Com-
pany) at Wesleyan University, 1927- . Member, Optical Society of
America and American Physical Society; Associate member, Institute of
Radio Engineers, 1926.
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Schelleng, J. C.: Born November 11, 1892 at Freeport, Ill. A. B.
degree, Cornell University, 1915. Instructor in physics at Cornell, 1915-
1918. Since 1918 with the Western Electric Company and Bell Telephone
Laboratories working on radio transmitters and transmission. For past
few years in charge of studies on high power transmitters, transmitting
antennas, and radio transmission. Associate member, Institute of Radio
Engineers, 1923; Member, 1925; Fellow, 1928.

Terry, Earle M.: Born January 16, 1879 at Battle Creek, Michigan.
A. B. degree, University of Michigan, 1902; M. A. degree, University of
Wisconsin, 1904; Ph. D. degree, University of Wisconsin, 1910. Instruc-
tor, University of Wisconsin, 1904-1910; assistant professor, 1910-1917;
associate professor, 1917-1928; professor, 1928, in charge of teaching
engineering physics. Member of research staff, U. S. Naval Experimental
Station during World War. In charge radio station WHA, University of
Wisconsin. Previous research work in field of magnetism. President, local
chapter Sigma Xi. Fellow, American Physical Society; Associate member
of the Institute of Radio Engineers, 1919; Member, 1928.

Turner, H. M.: (See Proceepinags for June, 1928.)

Van Dyck, A. F.: Born May 20, 1891 at Stuyvesant Falls, New York.
Ph. B. degree, Sheffield Scientific School, Yale University, 1911. Amateur
experimenter and commercial operator at sea, 1907-1910. With National
Electric Signalling Company, Brant Rock, Mass., 1911-1912; Westing-
house Electric and Manufacturing Company, Research Dept., 1912-1914;
instructor in electrical engineering, Carnegie Institute of Technology,
1914-1917; expert radio aide, U. S. Navy, 1917-1919; Marconi Company,
General Electric Company, Radio Corporation of America, 1919 to date.
Charter Associate member of the Institute of Radio Engineers; Member,
1918; Fellow, 1925.



INSTITUTE NOTES AND RELATED ACTIVITIES

OcToBER MEETING OF THE BOARD OF DIRECTION

A meeting of the Board of Direction of the Institute was held
in the Institute offices at 4 p.M. on October 3rd, 1928. The follow-
ing were present: Alfred N. Goldsmith, President; L. E. Whitte-
more, Vice-President; Melville Eastham, Treasurer; Arthur
Batcheller, W. G. Cady, J. H. Dellinger, R. A. Heising, R. H.
Manson, R. H. Marriott, and John M. Clayton, Secretary.

Upon recommendation of the Committee on Admissions, the
following were transferred or elected to the higher grades of
membership in the Institute: transferred to the grade of Fellow:
Arthur E, Kennelly and C. W. Rice; elected to the grade of
Fellow: Captain S. C. Hooper and Lynde P. Wheeler; trans-
ferred to the grade of Member: Kenneth N. Cumming and Alfred
H. Hotopp; elected to the grade of Member: K. R. Smith and
H. J. Walls.

Sixty Associate members and six Junior members were elected.

1928 Morris LiEBMANN MEMORIAL PRIZE

Upon the recommendation of the Committee on Awards, the
Board of Direction decided that the 1928 Morris Liebmann
Memorial Prize is to be awarded to Professor Walter G. Cady, of
Wesleyan University, for his fundamental investigations in piezo-
electric phenomena and their application to radio technique.

The vote of the Committee on Awards and the Board was
unanimous save for Dr. Cady’s dissent in each case.

It was decided that the award is to be made at the November
7th meeting in New York City.

The Morris Liebmann Memorial Prize has been awarded in
past years as follows:

Leonard F. Fuller. .. ... 1919 H. H. Beverage. . .. .. 1923

R. A. Weagant.. ... .. .1920 John R. Carson. . . ... 1924

R. A. Heising. .. ... ... 1921 Frank Conrad...... ... .1925

C. 8. Franklin..........1922 Ralph Bown. .. ... ... 1926
A. Hoyt Taylor. . ... . .. 1927

Boarp oF EpiTors
To assist in the greatly increased work involved in the editing
of manuseripts received for publication in the PROCEEDINGS, a
Board of Editors of the ProcEEDINGS has been appointed with
membership as follows: Alfred N, Goldsmith, Chairman; Stuart

1446
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Ballantine, Ralph Batcher, W. G. Cady, Carl Dreher, and G. W.
Pickard.

The work of the Committee on Meetings and Papers has not
been altered through the appointment of the Board of Editors.
The Committee will continue to function as an Institute body
which secures papers for publication and passes upon their
suitability from a technical standpoint for publication in the
PROCEEDINGS.

1929 Yrar Book

The membership list in the 1929 Year Book will be dated as of
December 15th, 1928. No changes of address can be included in
the 1929 Year Book unless such changes are received by the
Institute not later than December 15th.

Members who have failed to return the address slips which
accompanied the ballots for 1929 officers and members of the
Board, mailed early in October, are urged to do so immediately.

It is expected that the 1929 Year Book will contain the
adopted report of the Committee on Standardization in addition
to the material published in former Year Books.

CHANGES OF ADDRESS

In future years it is planned that no “change of address” form
will be sent to the entire membership each year. The addresses
for the membership list of each Year Book will be kept up to date
continuously.

Members who change their business connections or business
title, even though there is no change in mailing address, are re-
quested to advise the Institute office when such changes are made
so that the Year Book catalog may correctly list both their
mailing and business addresses.

JFORTHCOMING PaPLRrs

The following is a list of papers on hand for probable publi-
cation in the ProcrepINGs. It is expected that these papers will
be published in early forthcoming issues:

Note on the Effect of Reflection by the Microphone in Sound
Measurements, by Stuart Ballantine.

The Design of Transformers for Audio-Frequency Amplifiers
with Preassigned Characteristics, by Glenn Koehler.

A Fine Adjustment Frequency Control for R. F. Oscillators,
by G. F. Lampkin.

A Bridge Circuit for Measuring the Inductance of Coils While
Passing Direct Current, by V. D. Landon.
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Detection Characteristics of Three-Element Vacuum Tubes,
by F. E. Terman.

A Note on the Directional Observations of Grinders in Japan,
by E. Yokoyama and T. Nakai.

STANDARD FREQUENCY TRANSMISSIONS BY THE
BUREAU OF STANDARDS

The Bureau of Standards’ Standard Frequency Transmissions
for the months of November, 1928 to March, 1929 inclusive are
given as follows:

Standard Frequency Schedule of Frequencies in Kilocycles

Eastern Stand. Time Nov.20 Dec. 20 Jan. 21 Feb. 20 March 20

10:00-10:08 p.m. 1500 4000 125 550 1500
10:12-10:20 p.M. 1700 4200 150 600 1700
10:24-10:32 p.M. 2250 4400 200 650 2250
10:36-10:44 p.M. 2750 4700 250 800 2750
10:48-10:56 .M. 2850 5000 300 1000 2850.
11:00-11:08 p.m. 3200 5500 375 1200 3200
11:12-11:20 p.m. 3500 5700 450 1400 3500
11:24-11:32 p.M. 4000 6000 550 1500 4000

Members are referred to page 1300 of the October, 1928 issue
for more detailed information regarding these signals from the
Bureau’s Station WWYV at Washington, D. C.

Information on how to receive and utilize the signals is given
in Bureau of Standards’ letter circular No. 171, which may be
obtained by applying to the Bureau of Standards, Washington,
D. C.

Institute Meetings

ATLANTA SECTION

A meeting of the Atlanta Section was held in the Chamber of
Commerce Building, Atlanta, on September 13th at 8 p.m. Walter
Van Nostrand, chairman of the Section, presided. The meeting
was addressed by Irving Wolff, of the Radio Corporation of
America, on the subject of “Sound Measurements and Loud
Speaker Characteristics,” which included a brief description of
the method used in measuring loud speaker response, comparing
the Rayleigh Disk and Condenser Microphone as sound detec-
tors. A number of loud speaker sound pressure response curves
were shown and interpreted in terms of pleasantness of reproduc-
tion as determined by low and high frequency cut-off, smoothness
of response and tone balance. The speaker also discussed tube
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overloading and the effect of loud speaker response on its ap-
parent accentuation and diminution. The effect of room absorp-
tion characteristics, room resonances, position of loud speaker in
the room, and position of listener with respect to the loud speaker
were discussed. Numerous lantern slides showing diagrams and
loud speaker response curves were shown.

Twenty-five members of the Section attended the meeting.

CANADIAN SECTION

The Canadian Section held a meeting on September 14th in
the auditorium of T. Eaton Company. A. M. Patience presided.
J. L. McCoy, of the Westinghouse Electric and Manufacturing
Company of East Pittsburgh, Pa., presented a paper on “The
Televox.”

Messrs. Patience, Pipe, Soucy, and others participated in the
discussion which followed.

One hundred and fifty members of the Section and their guests
attended the meeting.

CLEVELAND SECTION

The October meeting of the Cleveland Section was held on
the 10th of the month in the Case School of Applied Science.
John R. Martin, chairman of the Section, presided.

The paper of the evening was presented by R. H. Ranger, of
the Radio Corporation of America, the subject being “Recent
Developments in Photo Radio.”

The paper included a demonstration of telephoto and radio
photograph transmission as well as numerous lantern slides.

Three hundred and thirty-five members of the Section and
guests attended the meeting.

The next meeting of the Cleveland Section will be held on
Friday, November 23rd, in the Case School of Applied Science.
Dayton C. Miller will present a paper, “Analysis of Musical
Sounds,” and John R. Martin will present a paper on “Experi-
mental Analysis of Loud Speaker Input and Output.”

CONNECTICUT VALLEY SECTION

On September 13th in the Hotel Garde at Hartford, Conn,,
the meeting of the Connecticut Valley Section was addressed by
Edward T. Dickey and Francis H. Engel. K. 8. Van Dyke, vice-
chairman of the Section, presided. Mr. Dickey’s paper was
“Quantitative Measurements Used in Testing Broadcast Re-
ceiving Sets,” and Mr. Engel’s, “Vacuum-Tube Production
Tests.”
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Both papers are published elsewhere in this issue of the
Proceepings. Following the presentation of the papers a gen-
eral discussion took place. Twenty-five members of the Section
attended the meeting.

Los ANGELES SEcTION

A meeting of the Los Angeles Section was held on September
17th in the Elite Cafe, South Flower Street, Los Angeles. D. C.
Wallace, chairman of the Section, presided.

L. Elden Smith read a paper on “The Problems and Methods
of Television Transmission,” which was followed by a paper by
R. P. Parrish on “The Problems and Methods of Television Re-
ception.”

Preceding the meeting an informal dinner was held.

Forty-seven members and guests attended the meeting.

NEwW ORLEANS SECTION

The first formal meeting of the newly organized New Orleans
Section was held on September 15th at New Orleans.

Dr. Wolff presented a paper, “Sound Measurements and Loud
Speaker Characteristics.” Messrs. Andres, DuTreil, Lehde, and
Gardberg took part in the discussion which followed the paper.
Officers of the Section were elected as follows: Pendleton Ii.
Lehde, chairman; L. J. N. DuTreil, vice-chairman, and Anton A.
Schiele, secretary-treasurer.

On October 8th a meeting of the New Orleans Section was
held in New Orleans. Chairman Pendleton E. Lehde presided.

Two papers were presented; the first by Mr. Lehde was
entitled “The Underlying Principles of the Vitaphone and Movie-
tone.” The second paper was by Anton A. Schiele on “The Basic
Principles of Radio Television.” The following members partici-
pated in the discussion which followed: J. M. Roberts, J. M.
Shaw, C. Schneider, D. S. Elliott.

NEw York MEETING

A meeting was held in New York City on October 3rd in the
Engineering Societies Building, 33 West 39th Street. Alfred N.
Goldsmith, President of the Institute, presided.

A paper was read by J. R. Harrison, of Wesleyan University,
on “Piezo-Electric Oscillator Circuits with Four-Electrode Tubes.”
Messrs. Goldsmith, Harrison, Cady, and Hund participated in
the discussion which followed.

The paper is printed elsewhere in this issue of the Pro-
CEEDINGS.
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Three hundred and twenty-five members of the Institute
attended this meeting.

On December 5th a New York meeting will be held in the
Engineering Societies Building, 33 West 39th Street. H. H. Bev-
erage and H. O. Petersen will present a paper “Recent Short
Wave Developments.”

PHILADELPHIA SECTION

The Philadelphia Section held a meeting in the Franklin
Institute on October 10th. J. C. Van Horn, chairman of the
Section, presided. Austin Bailey, of the American Telephone and
Telegraph Company, read a paper, “The Receiving System for
Long Wave Transatlantic Radio Telephony.”

A genera] discussion on the part of the thirty members of
the Section present followed the presentation of the paper.

This paper is published in this issue of the PROCEEDINGS.

SEATTLE SECTION

On August 28th a noonday luncheon for members of the
Seattle Section was held. F. M. Ryan, of the Bell Telephone
Laboratories, presented a paper, “Recent Developments in
Radio Broadeasting.” Thirty members of the Section and guests
attended the luncheon and participated in the discussion of
Mr. Ryan’s remarks.

On September 19th a luncheon was held with W. IX. Bert as
the guest. Mr. Bert outlined the recent broadcasting frequency
assignments. ITis remarks were supplemented by a general dis-
cussion on this and allied subjects.

A meeting of the Seattle Section was held in the Navy Yard
at Puget Sound, Washington, on September 29th. Lieutenant
Haas, radio officer of the USS Lezington, presented a paper on
“Radio Communication Applied to Naval Aviation.” The
address given outlined the communication organization of the
Navy and covered in detail the various types of equipment and
systems used. A description of the method of operation and re-
sults obtained from the fathometer, radio compass, submarine
telegraph, and range finder in addition to some of the radio tele-
graph systems was given.

Messrs. Austin, Deardorff, Renfro, and others discussed the
paper. Preceding the presentation of the paper the fifty members
of the Section present inspected the USS Lezington under the
direction of Lieutenant Haas.
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Oliver C. Smith, secretary-treasurer of the Seattle Section,
has been transferred to Spokane, Washington. Abner R. Wilson,
of Seattle, has been appointed secretary-treasurer to succeed
Mr. Smith.

WASHINGTON SECTION

On October 11th in the Continental Hotel, North Capitol
Street, Washington, D. C., a meeting of the Washington Section
was addressed by Austin Bailey, of the American Telephone and
Telegraph Company, on “The Receiving System for Long Wave
Transatlantic Radio Telephony.” F. P. Guthrie, chairman of the
Section, presided.

Preceding the meeting forty-nine members and guests at-
tended an informal dinner. The attendance at the meeting was
seventy-two.

In the discussion which followed the paper the following
took part: Messrs. A. H. Taylor, A. Hund, H. G. Dorsey, G. D.
Robinson, G. Howard, F. P. Guthrie, and E. B. Dallin.

On November 8th a meeting of the Washington Section will
be held in the Continental Hotel at which time Warren B. Bur-
gess, of the Naval Research Laboratory, will present a talk on
“The Radio Compass in Theory and Practice.”

Committee Work

CoMMITTEE ON CONSTITUTION AND LAWS

The Committee on Constitution and Laws held a meeting in
the offices of the Institute on October 2nd. R. H. Marriott,
chairman; G. W. Pickard, and H. E. Hallborg were present.

The Committee is continuing the work in connection with
the revision of the Institute’s Constitution and By-Laws.

COMMITTEE ON STANDARDIZATION

A meeting of the Committee on Standardization was held in
the offices of the Institute on October 2nd, 1928. The following
members were present: L. E. Whittemore, Chairman; M. C.
Batsel, W. G. Cady, J. H. Dellinger, E. T. Dickey, W. E. Holland,
C. B. Jolliffe, R. H. Manson, E. L. Nelson, A. F. Rose, W. J.
Ruble, and H. M. Turner.

The Committee began the consideration of the material trans-
mitted to the members with the letter calling this meeting. Ac-
tion was taken on all definitions contained in sections 1 to 5,
inclusive, of the preliminary draft report and on the section on
electron tube nomenclature.
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Copies of material submitted by the Subcommittee on Bibliog-
raphy and the Subcommittee on the Use of the Transmission
Unit in Radio were distributed. The general plan being follawed
by these two subcommittees was approved.

It was agreed that the Subcommittee on the Use of the Trans-
mission Unit in Radio should become known as the Subcommittee
on Radio Transmission, and ‘that there should be added to the
matters which it has under consideration such questions as the
following:

Definitions of terms appearing in the section on “Antennas.”

Measurement of radiation and specification of service area of
broadecasting stations.

Constancy of frequency of transmitting stations.

Specification and measurement of harmonic radiation from
transmitting stations.

Specification and measurement of transmission-frequency
characteristic-fidelity of transmission.

Specification and measurement of modulation.

It was agreed that further meetings of the committee should
be held at approximately two-week intervals, in order to com-
plete the consideration of material which is ready for action.

COMMITTEE ON ADMISSIONS
At the meeting of the Committee on Admissions, held in the
offices of the Institute on October 10th, R. A. Heising, Chairman;
F. H. Kroger, and E. R. Shute were present.
The Comunittee acted upon ten applications for transfer or
election to the higher grades of membership in the Institute.

COMMITTEE ON INSTITCTE AWARDS
The Board of Direction of the Institute has appointed a stand-
ing Committee on Awards with membership as follows: J. V. L.
Hogan, Chairman; L. W. Austin, Ralph Bown, W. G. Cady, and
A. Hoyt Taylor.
This Committee is to make appropriate recommendation to
the Board of Direction for awards of the Institute Medal of
Honor and the Morris Liebmann Memorial Prize.

Personal Mention

R. M. Owen, of the Radio Corporation of America, has been
transferred to Dallas, Texas.

Elmer L. Brown has recently become service engineer of the
California-Victor Distributing Company, of San Francisco.
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A. Norwood Fenton has recently become associated with the
Sound Department of Metro-Goldwyn-Mayer Studio at Culver
City, Cal.

John Q. Gaubert has left the Ward Leonard Electric Company
to be in charge of production of the International Resistance
Company, of Philadelphia.

J. Warren Horton, until recently associated with the Bell
Telephone Laboratories as research engineer, is now connected
with the General Radio Company, of Cambridge, Mass.

J. Warren Wright, recently associated with the Naval Re-
search Laboratory, has been transferred to the Design Section
Radio Division, Bureau of Engineering, Navy Department,
Washington. '

Edwin W. Lovejoy, for a number of years in the service of
the Department of Commerce at San Franciscc as radio inspec-
tor, has been promoted to the position of U. S. Supervisor of
Radio at Seattle, Washington.

Oliver C. Smith, of the Pacific Telephone and Telegraph
Company, has been transferred to Spokane, Washington as
District Transmission Engineer. Mr. Smith has served for some
time as Secretary of the San Francisco Section.

Joseph H. Phillips, Jr. has gone to London, England to be-
come technical advisor and consulting engineer to British Photo-
tone, Ltd. Mr. Phillips was formerly associated with the Fox
Case Corporation of New York City.
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PIEZO-ELECTRIC OSCILLATOR CIRCUITS WITH FOUR-
ELECTRODE TUBES*
By
J. R. HarrisoN
(Charles A. Coffin Fellow, Wesleyan University, Middletown, Connecticut)

Summary—Two new piezo-oscillator circuits using the screen-grid
tube are described. One circust uses feedback through the crystal, which has
two pairs of electrodes with connections to the anode, control grid,and filament
of the tube. In the other circuit the two electrodes of the crystal are connected
between the anode and control grid. The new circuits are unusually stable
and at low frequencies give greater power output than the three-electrode tube
circuits. They are particularly useful at those low frequencies for which
flexural vibrations are employed. When oscillating at flexural vibration fre-
quencies crystals show a tendency to creep lengthwise until a posttion is reached
which gives maximum power output. If the crystal is displaced from this
posttion it will return to it again.

HE first piezo-electric oscillator circuit was that described
by Cady.! In this circuit the quartz plate has a mounting
consisting of two pairs of metallic electrodes, AC and BD
(Fig. 1). One pair of electrodes BD are connected to the input
and the other pair AC to the output of the vacuum-tube cir-

A
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Fig. 1—Well-Known Type of Piezo-Oscillator Circuit Using
Feedback through the Crystal.

cuit. The electrodes C and D are both connected to the filament

of the vacuum tube, and they are sometimes replaced by a single

large electrode covering the whole side of the crystal. The oscil-

lations are sustained in this eircuit by the energy feedback

through the vibrating crystal. This circuit has never had wide

application because it cannot be used for crystal oscillations at
* Original Manuscript Received by the Institute, August 1, 1928.

Presented at New York Institute Meeting, Octoker 3, 1928.
t'W. G. Cady, Proc. L. R. E,, 10, 111; April, 1922.
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the high-frequency modes, that is, the vibrations at the frequency
determined by the thickness of the plate.

The writer has found that this Cady type of crystal oscillator
may be directly applied to the screen-grid type of vacuum tube.?
This new circuit which is represented in Fig. 2 possesses several
marked advantages over the Pierce type of crystal oscillator now
commonly used. Here, as in the Cady circuit, the crystal mount-
ing consists of four electrodes 4, B, C, and D. The elcctrodes C
and D are connected to the filament of the tube, and the elec-
trodes A and B are connected to the plate and control grid re-
spectively. The screen grid 8 is given a positive potential bias

w4

Fig. 2—Piezo-Oscillator with Screen—Grld Tube Similar in Operation to
the Circuit of Fig. 1.
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equal to about one-third of the plate potential. The plate-
potential supply is conveniently used for this purpose. The plate
elements C, L as usual are tuned approximately to the crystal
frequency. The chief advantages of this circuit over the Pierce
type of oscillator arc more constant frequency, greater stability,
and, at the lower radio frequencies, greater power output. This
circuit may also be used to advantage at the high-frequency
modes of the crystal, a performance which as noted previously
was not possible with the original Cady oscillator circuit.

Power TEsTs

Power tests have been made of the piezo-electric oscillator
as illustrated in Fig. 2. A 714-watt shielded-grid tube was used

2 For the theory and application of the screen-grid, four-electrode
tube see the following:

A. W. Hull, and N. H. Williams, Phys. Rev., 27, 432; 1926.

A. W. Hull, Phys. Rev., 27, 439; 1926.

J. C. Warner, Proc. I. R. E,, 16, 424; April, 1928.
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with a plate potential of 425 volts and a filament potential of
714 volts. This tube had a rated maximum plate potential of
500 volts, but only 425 volts were used in order to allow compari-
son under identical conditions with the three-electrode type of
7l4-watt tube, the maximum plate potential of which is of this
latter value.

It has been found that at any given frequency the radio-
frequency power output is a maximum at a particular shield-grid
potential. Hence in each individual case the shield-grid potential
should be adjusted to the optimal value. If this potential is
made either too large or too small the power output will be di-
minished. This shield-grid potential is not very critical, but it is
always preferable to make it smaller than the optimal value
rather than larger, since the circuit is then more stable.

Tests were made using a quartz plate 30X 10X 1 millimeters
at the transverse effect frequency 92 ke (3300 meters). The power
output was 0.55 watts. This same crystal in a Plerce circuit with
a UX-210 tube gives a power output of but 0.20 watts. The power
output at the lower radio frequencies is always comparatively
small, but the tests indicate the relative merits of the twa cir-
cuits. The optimal shield-grid potential in the above test was
200 volts.

Using the same crystal at the flexural vibration frequency?® of
50 ke (6000 meters) with the shield-grid tube, the power output
was 1.1 watts. The Pierce circuit under identical conditions but
with the UX-210 tube gives 0.50 watts power output. The
optimal shield-grid potential at this frequency was 225 volts.

In these tests the control grid of the shield-grid tube was given
a negative bias by connecting to the negative filament lead
through a three-megohm resistor B (Fig. 2). The power output
could be considerably increased by substituting a choke coil and
bias battery in series for the resistor 2. Since this practice of
using a choke coil has been found to cause undesirable fluctua-
tions in frequency with three-electrode tube circuits® it was not
adopted in the final tests cited here. At higher frequencies the
power output of the four-electrode tube quartz-oscillator circuit
Is about the same as that from the Pierce oscillator at the same
frequency. This would be expected since the voltage amplifi-

#J. R. Harrison, Proc. I. R. E,, 15,.1040; December, 1927.
1 R. C. Hitcheock, Eleciric Journal, 24, 430; 1927.
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cation of the four-element tube diminishes as the frequency
increases. Hull® has found the voltage amplification of certain
tubes of this type to be 200 at 50 ke and only 7 at 10,000 ke.

STABILITY

It is well-known that in the case of any piezo-electric oscil-
lator any slight damping of the erystal such as the application
of pressure from the finger will cause an abrupt termination of
oscillations. TFurthermore oscillations will not be resumed on
removing the cause of the damping until the circuit has been
retuned. The screen-grid erystal-oscillator circuit of Fig. 2 is
much more stable, for when the circuit has once been tuned for
maximum power output, oscillations may be obtained at any
time without retuning the circuit elements. For any given fre-
quency a fixed condenser of the proper value could then be con-
veniently used in this circuit. Osc lations will of course terminate
in this circuit when the crystal is sufficiently damped, but they
will immediately be resumed when the cause of the damping is
removed. The advantages of such characteristics do not need
further elaboration here. In order to obtain this high degree of
stability fairly good erystals must be used. In many cases erys-
tals which would not oscillate in the three-electrode tube circuit
will function in this circuit, but not with the same degree of
stability.

In connection with these stability tests an interesting trans-
lational movement was noted at the flexural vibration frequency.
The rotational movements of piezo-electric quartz plates in high-
frequency fields have been described by Meissner® and certain
translational movements were observed by Hirschhorn.” The
phenomena here described were observed with a piezo-electric
oscillator, whereas Hirschhorn’s experiments were with a piezo-
electric resonator. If a shield-grid crystal oscillator (Fig. 2) is
tuned to maximum power output the tendency of the crystal to
emerge from its mounting is observed. But if while oscillating
the crystal is partly withdrawn from the mounting and then re-
leased it will immediately return to the original position. Some-

5 A. W. Hull, Phys. Rev., 27, 439; 1926.

® A, Meissner, Zeit. f. Tech. Physik, 12, 585: 1926. Zeit. f. Hochfreq.,
29, 20; 1927. Proc. I. R. E,, 16, 281; April, 1927.

7 8. J. Hirschbhorn, Zeit. f. Physik, 44, 223; 1927.
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times when the crystal is being withdrawn from the mounting the
damping is sufficient to kill oscillations, but if the plate has not
been withdrawn too far it will again start oscillating and return
to the former position.

If the circuit is not quite tuned to maximum power output the
crystal has been found to have a tendency to slide out of the
mounting. As the crystal recedes from the mounting the power
output increases and the motion ceases when the power output
becomes a maximum. As before the limit of emergence, until the

Fig. 3—Quartz Crystal in Flexural Vibration Mounting.
The crystal is at the left, projecting from the mounting to show the
sled used to investigate the nature of translational movements.

circuit stops oscillating, seems to be about one-half the total sur-
face of the plate. Itis a curious fact, however, that the maximum
power output is the same with one-half of the crystal emerging
as i1t was in the previous ease when the circuit was initially tuned
to maximum power with the erystal wholly between the elec-
trodes. If now the crystal is forced back between the electrodes
the power output will diminish and the crystal will slide out
again to the position of maximum power when the restoring
force is removed. The crystal is indifferent to the direction of
emergence from the mounting; slight inclinations from the hori-
zontal of the crystal mounting seem to be the sole determinant
of this direction. In any case, for a given circuit condition the
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distance traveled in either direction was found to be approxi-
mately the same. The oscillating crystal seems to have a ten-
dency to tune the circuit to maximum power output by its motion
as described above. The emergence of the crystal from the
mounting diminishes the capacity of the system since a dielectric
of air is then replacing the quartz dielectric in the erystal mount-
ing. This means also that the circuit is operating at a different
point on the characteristic curve of the erystal. A photograph
of one of the crystals with flexural vibration mounting as used
in these tests is shown in Fig. 3.

The same translational movements of the crystal are still
observed when it is enclosed in a vacuum chamber which would
indicate that the effects are probably not due to air blasts as
described by Meissner.® If the movements are not due to air

]
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Fig. 4—Quartz Crystal Standing on Sled (cross-hatched) Which Prevented
the Creeping of the Crystal When Oscillating.

blasts the only probable explanation would be that the crystal
creeps on its base when vibrating, or possibly an electrostatic
effect in the dielectric.

To determine the cause a very light fiber sled A B (Fig. 4) was
constructed to fit the crystal. The ends of the sled were made
projecting as shown in the same figure so the crystal could not
creep off. The crystal is also shown on the sled and in the
mounting by Fig. 3. If the motion was due to a creeping effect
of the vibrating crystal against its mounting the sled will now
arrest the motion. If the motion was due to a dielectric phe-
nomenon it should still take place with the sled, provided the
weight added was negligible and the frictional effects were still
small. Care was taken to reduce the friction between the sled
and the base of the crystal mounting to a minimum by careful
polishing and lubrication. No tendency of the erystal to move
was noted when the sled was used although crystal oscillations
were obtained just as before. Evidently, then, the motion is
due to the vibration of the crystal against its support with a re-
sulting creeping tendency.

8 A. Meissner, loc. cit.
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P1ezo-ELEcTRIC OSCILLATOR WITHE Two-ELECTRODE MOUKTING

Another new piezo-electric oscillator circuit is illustrated in
Fig. 5. Here the crystal has a two-electrode mounting and is
connected between the control grid and plate of the vacuum tube.
This circuit is more stable than the crystal-oscillator circuits
now commonly used, and at the lower radio frequencies gives a
greater power output. Asin the previous circuit a gridleak R is
connected from the filament to the control grid, but for greater
power output this is replaced by a choke coil and grid-bias bat-
tery. The plate circuit LC is tuned approximately to crystal
frequency. The shield grid S as in the previous case is given a
positive potential equal to about one-third the plate potential.
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Fig. 5—Piezo-Oscillator with Screen-Grid Tube Similar in Operation

to the Pierce Circuit.
The crystal is connected between the control grid and anode.

Also, as before, the shield-grid potential should be adjusted to
the optimal value for maximum power output.

The four-electrode tube is here used as a shield-grid amplifier.
The crystal does, however, annul the effects of shielding to a
certain extent by introducing a capacity from the control grid
to the plate of the vacuum tube.

This circuit (Fig. 5) is analogous to the piezo-electric oscil-
lator using a three-electrode tube first described by Pierce.?
This is the circuit in which the erystal is connected from grid to
plate and is illustrated in Fig. 6. Oscillations are sustained in
this circuit by energy feedback through the grid to filament
inter-electrode capacity of the vacuum tube. It is well-known

¥ G. W. Pierce, Proc. Amer. Acad., 59, 81; 1923



1462 Harrison: Piezo-Electric Oscillator Circuits

that this circuit is analogous to the Colpitts oscillator circuit
with the crystal acting the part of an inductive reactance.

From the practical point of view, the new circuit here de-
seribed (Fig. 5) is more convenient than the circuit of Fig. 2,
since the crystal mounting has but two electrodes like those now
commonly used. The circuit possesses the disadvantage, how-
ever, that it is not as constant in frequency with variations in
circuit constants as the circuit of Fig. 2.

The shielded-grid, four-electrode vacuum tube will not func-
tion as a piezo-electric oscillator with the crystal connected from
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Fig. 6—Pierce Type of Piezo-Oscillator with Crystal Connected
between Grid and Anode.
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control grid to filament. This is not possible, since in that type
of circuit oscillations are sustained by energy feedback through
the control grid to plate inter-electrode capacity and in the shield-
grid tube this capacity is so small that the feedback is negligible.

The circuit can be made to oscillate with the crystal con-
nected from the control grid to filament if the shield grid and
plate are connected together and used commonly as the anode of
the system. There is no advantage in doing this, however, since
we then have what is effectively a three-electrode tube oscillator
as commonly employed.

Hut's Prezo-ELecTrIc OscIiLLATOR CIRCUIT

A. W. Hull'® has recently described still another piezo-
electric oscillator using the four-electrode tube. Hull was the
first to describe a piezo-electric oscillator circult using the four-

10 A W, Hull, British Patent No. 266, 690; March, 1927.
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electrode tube. This circuit, which is illustrated in Fig. 7,
uses the four-electrode valve as a space-charge-grid tube. The
crystal @ 1s connected from the filament to the grid nearest the
plate (now the control grid). The inner grid G (nearest the fila-
ment) now becomes the space-charge grid and is given a positive
potential from the plate supply battery B. In Hull’s patent the
tuned circuit LC (Fig. 7) is replaced by an inductance L having a
natural frequency at least twice that of the crystal used. This
circuit is then coupled to a four-electrode tube (shield-grid)
amplifier with a tuned output circuit. Hull claims extreme con-
stancy of frequency for this circuit—“With a proper choice of
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Fig. 7—Hull’s Piezo-Oscillator Circuit Using the Four-Electrode Tube
As A Space-Charge-Grid Device.

circuit constants and the temperature of the piezo-electric
element maintained constant, the generator remains constant
to less than one part in a million.” The power output of this type
of circuit as shown in Fig. 7 does not compare with that obtained
from the new circuits here described with the four-electrode
tubes now available.

Twin OscILLATION FREQUENCIES

Experiments show that ecrystals will oscillate at two fre-
quencies quite close together for each mode of vibration in the
four-electrode vacuum-tube circuit of Fig. 2. This only happens,
however, when the two pairs of crystal electrodes AC and BD
are close together. Under certain conditions, then, oscillations
are obtained at two different points on the same resonance curve
of the crystal. When the two pairs of crystal electrodes are not
close together only one oscillation frequency is found for each
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mode of crystal vibration as with the familiar three-electrode
tube circuits.

Normally crystal oscillations are sustained in a circuit of
this type by energy feedback through the vibrating crystal it-
self. This was found by experiment to be the lower of the two
oscillation frequencies obtained, and the one which always re-
mained when the pairs of crystal electrodes were moved far
apart.

The higher of the two oscillation frequencies obtained was
found by frequency measurements to be the same that is ob-
tained from the crystal when it is connected simply between the
control grid and the plate as in Fig. 3. In other words, this is the
case where the crystal acts as an inductive reactance like the
inductance in a Colpitts oscillator circuit. The measurements
above referred to were simply frequency measurements of the
two oscillation points of the circuit of Fig. 2 and the single oscil-
lation point of the circuit of Fig. 3. For all of the three frequency
measurements the same crystal was used on the same mode of
vibration. The method of measurement was to obtain an audio-
frequency beat note between the piezo-electric oscillator in
question and another piezo-electric oscillator of nearly the same
frequency. The beat note was amplified on a two-stage, audio-
frequency amplifier and measured from the readings on a sonome-
ter driven by a telephone receiver connected to the output of the
amplifier.’? For accurate determinations of frequency from the
sonometer, reference is made to Allan’s correetions to the well-
known formula due to Brook Taylor.!

If the electrical connections to one pair of metallic electrodes
such as AC (Fig. 2) are reversed, oscillations will still be main-
tained on the fundamental mode of vibration. Cady found with
the three-electrode, vacuum-tube, piezo-electric oscillator of
Fig. 1 that the connections to a pair of electrodes should be re-
versed in this way to obtain oscillations on the first harmonic
of the transverse effect.’® He did not, however, obtain oscilla-
tions on the fundamental with the reversed connection. The
circuit now under consideration (Fig. 2) has with the reversed

1 C, B. Jolliffe and G. Hazen, Bureau of Standards Scientific Papers,
21, 179; 1926.

12 G, E. Allan, Phil. Mag., 4, 1324; 1927.

13 W. G. Cady, Proc. I. R. E, 10, 111; April, 1922,
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connection one oscillation frequency for the transverse funda-
mental and two oscillation frequencies close together for its
first harmonic. The reversed connection then suppresses the
lower oscillation frequency of the transverse fundamental. This
would be expected since the proper phase relationship for sus-
taining oscillations by feedback through the crystal is not ob-
tained with the reversed connection.

Tests were then made to determine whether the lower of the
two oscillation frequencies obtained is due to feedback through
the crystal. A long crystal of 10.3X2.0X0.1 centimeters was
secured which was fitted to a crystal mounting having two pairs
of electrodes. The electrodes were adjustable so that the dis-
tance between the pairs of electrodes AC and BD (Iig. 2) could
be varied so that they might be very close together or at the op-
posite ends of the crystal. When the pairs of erystal electrodes
are separated by about one-half centimeter or more, oscillations
are obtained only at the lower frequency corresponding to each
mode of vibration. Also, when the electrodes are thus separated
and the connections to one pair reversed, no oscillations are ob-
tained at frequencies corresponding to the fundamental modes
of the transverse and longitudinal effects. Oscillations are always
obtained, however, with normal connections as in Fig. 2 at the
lower oscillation frequency for the transverse and longitudinal
fundamentals even though the pairs of electrodes are separated
by 6 to 8 centimeters. This seems to indicate conclusively that
the oscillations are sustained by feedback through the crystal.

FLEXURAL VIBRATIONS

Recently a method has been described for exciting very much
lower frequencies than hitherto obtained from quartz plates with
flexural vibrations in the length-breadth plane.* Considerable

¥ J. R. Harrison, Proc. I. R. E., 15, 1040; December, 1927. Author’s
note: More recently other investigators have described similar methods
for obtaining still other flexural vibrations in various planes of the quartz
plate. The investigations cover both the “Curie cut” and the “30-degree
cut” quartz plates. A method of exciting torsional vibrations is also
given. In all these cases, however, the crystal response is so feeble that
it is only detected by the luminous glow surrounding the plates when they
are vibrating in a partially evacuated chamber. For details see the
following references:

E. Giebe and A. Scheibe, Zeit. f. Instrumentkunde, 47, 269; 1927.
Zeit. f. Hochfrequenztechn., 30, 32; 1927. Zeit. f. Physik, 46, 607; 1928.
Elektr. Nachr.-Techn., 2, 65; 1928.
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difficulty has been encountered, however, in making crystals
oscillate at flexural vibration frequencies with a three-electrode
- tube circuit as commonly used. It was found necessary to use a
pickup or sensitizing coil in series with the crystal in the grid

S

Fig. 8—Connections to the Flexural Vibration Mounting When Using the
Screen-Grid Tube with Feedback through the Crystal.

circuit to obtain sufficient feedback to sustain oscillations. The
only other alternative offered at that time was to connect the
crystal to a three-stage, resistance-coupled amplifier using the
method of feedback through the erystal. The energy feedback
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Fig. 9—Connections to Flexural Vibration Mounting When Using
Screen-Grid Tube with Feedback through the Tube.

was then sufficient to sustain oscillations without the pickup
coil.

The use of a pickup coil in series with the erystal is a serious
disadvantage since if the coupling is made too close the large
induced voltages may puncture the crystal or set up parasitic
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oscillations independent of it. The inconvenience of the three-
stage amplifier scheme is only too apparent and the power output
is comparatively small.

The four-electrode tube, crystal-oscillator circuits are used to
considerable advantage at low frequencies. With the four-
electrode tubes now available, crystals oscillate at the flexural
mode without a pickup coil. Either of the new circuits here
described can be used. The four-electrode tube circuits can be
used to equal advantage at the higher modes of flexural vibration.

The screen-grid- tube oscillator circuit utilizing feedback
through the crystal is illustrated in Fig. 8 as applied to a crystal
for flexural vibrations. The circuit is exactly the same as that
shown in Tig. 2 except for the crystal mountings and the con-
nections thereto. Tig. 9 illustrates the application of the circuit
of Fig. 5 to a crystal with a flexural vibration mounting. In
this type of ecircuit, as was explained before, oscillations are
sustained by feedback through the vacuum tube.

Finally, the author wishes to thank Professor W. G. Cady
for his encouragement and many helpful suggestions during the
progress of this work. Thanks are also due to Professor K. S.
Van Dyke for suggestions.

Discussions

August Hundf: We have just listened to a most interesting
contribution to this subject. No doubt with the advent of the
two-grid tube everyone working with the piezo-crystal must have
recognized in such devices a means forbetterstabilizationthanthat
found in the ordinary tube eircuits. I was glad that Mr. Harrison
brought out in his paper tonight a point which I distinctly
missed in the preprint of his paper. The point to which I have
reference has to do with his statement, “these circuits are more
stable.” In tonight’s presentation the speaker has told us very
clearly that by “stable” he means that the oscillations start more
easily, or when stopped by some means come back more easily.
He, therefore, makes a distinction between stability of this type
and stability with respect to frequency. Usually we think of a
stabilized crystal circuit as one the frequency of which is very econ-
stant. It may therefore be advisable in the final publication of
the paper to bring this point out clearly in order to avoid any
misunderstanding on the part of the reader.

t Radio Division, Bureau of Standards, Washington, D. C.
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I do not agree that the circuit is stable with respect to fre-
quency when it gives more power. I doubt that very much;
I think it is the opposite. Any circuit that has very much back
feed is apt to run away—to swing very much from side to side,
but when its amplitude of vibration is very, very small, it is
more apt to stay right on the correct frequency.

Another thing which has occurred to me which was not
brought out in the paper is this: Mr. Harrison realized that when
we use a shield-grid tube in the real sense of a shield-grid tube
(with proper shielding voltage), we cannot connect the crystal
between the filament and the grid and expect oscillations because
the capacity—call it effective capacity—between the control
grid and the plate may be only one per cent of the physical
capacity which it would have without the plate shielded; but
1t will oscillate. All we have to do is to use the circuit as he had
it. The paper described a circuit in which the crystal is connected
between the grid and the plate, using the crystal capacity as a
bridge to feed back. We can also connect the crystal between
the control grid and the filament and use a very small condenser
between the control grid and the plate. I think this is a better
circuit than the one described in which the crystal is between the
control grid and the plate, because we can use a very small air
condenser of good construction and produce very stable oscil-
lations. With this circuit you can produce all three oscilla-
tions very easily. In the Sound Laboratory of the Bureau I
have used this circuit for some two years with much success.

J. R. Harrison: I had supposed that the context would
make clear what I meant by stability—a circuit which starts
oscillating very readily without retuning.

With regard to making a screen-grid tube oscillate with the
crystal connected between control grid and anode, I would say
that the interlectrode capacity of the tube which is always present
in parallel with the crystal is now very much smaller than if a
three-electrode tube had been used. The tube is not of course
then used in its complete sense as a screen-grid tube, but we are
still benefited but its screening action because of the very small
capacity shunted across the crystal.

I have succeeded in making a four-electrode tube oscillate
with a piezo-electric erystal connected between the control and
filament. This cannot be done, however, with a four-electrode
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tube used as a screen-grid tube. If the screen-grid tube is used
in this way it is necessary to introduce a capacity between control
grid and anode as Dr. Hund has done, or to make the screen-grid
potential very small. Both methods then producee the same re-
sult, i.e., a reduction of the screening action of the valve.

August Hund: Then you have no screen-grid tube any more.

J. R. Harrison: But it is doing just the same thing you did
only in a slightly different way.

August Hund: I do not think it is the same because it is an
easy matter to connect a small fixed condenser externally, whereas
the interelectrode capacity (effective interelectrode capacity) does
not seem very constant. Changes in the filament emission, po-
tential variations on all electrodes, ete., no doubt make the eapa-
city rather indefinite. I regard the external capacity metheod as
being decidedly better.

J. R. Harrison: In the Cady type of piezo oscillator which
uses mechanically tuned feedback through the crystal (Fig. 2)
the pairs of crystal electrodes may be 8 or 10 centimeters apart
and oscillations will still be maintained. The capacity introduced
across the control grid and anode of the sereen-grid tube is then
very small. It would seem that this is the only method of apply-
ing the crystal to the screen-grid tube which does not apprecia-
bly reduce the screening action.

August Hund: There is another question that occurs to me.
The paper brings out that one should adjust the screen-grid
potential to an optimum-—call it an energy optimum. Does that
potential which you apply still keep the screen-grid tube screened,
or have you changed it so much that you have a case of a feed-
back, and you get more energy on account of this?

J. R. Harrison: I feel quite sure it is still being used as a
screen-grid tube when using the circuit of Fig. 2. The screen-grid
potential is not very critical, but there is a definite optimum value
for maximum power output. Under these conditions the screen-
grid current is very small, usually less than one-tenth of the
anode current, thereby indicating that the tube is virtually per-
forming as a screen-grid tube.

W. G. Cadyf: Regarding the two frequencies very close to-
gether which Mr. Harrison has described, at either one of which
the circuit may be made to oscillate, a word may be said. You

T Department of Physies, Wesleyan University, Middletown, Conn.
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will recall that they occur only with a quartz plate having two
pairs of electrodes, one pair being connected between filament
and grid, and the other between filament and anode. The tran-
sition from one frequency to the other comes when the two pairs
of electrodes are at a certain critical distance apart. What I
wish to point out is that these two frequencies are not due to two
different modes of vibration of the crystal, but that they simply
represent two different operating points on the resonance curve
relating amplitude of vibration to frequency. The point on the
curve at which any crystal operates depends on circuit conditions.
We have one set of circuit conditions when the electrodes are
far apart, so that feedback is due solely to the mechaniecal vibra-
tions of the quartz. On gradually moving the electrodes more
closely together, the effective grid-anode capacity begins to be
a] preciable and increases until quite abruptly feedback begins
tc take place electrostatically instead of mechanically. This is
the change in circuit conditions, I think, that accounts for the
change in frequency.

It is hardly necessary to add that this is quite a different
phenomenon from the abrupt “jumps” in frequency that are
sometimes so troublesome with crystal-controlled oscillators of
the ordinary type. Such jumps are due to temperature changes
and other causes, and represent, usually, a shift from one mode
of vibration to another. They are only found, of course, when
there happen to be two or more possible modes of vibration of
nearly the same frequency.

Alfred N. Goldsmitht: It is indeed most fortunate that just
when extremely accurate frequency control is becoming so neces-
sary to radio, the instrumentalities for it should become avail-
able. It may be that this is putting the cart before the horse and
explaining how remarkable it is that great rivers always flow
past large cities. Perhaps the modern desire and need and ap-
plication of constant frequency is the result of the crystal oscil-
lator and similar high precision frequency control devices.

t Chief Broadcast Engineer, Radio Corporation of America, New
York City.
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NOTE ON THE DETERMINATION OF THE IONIZATION
IN THE UPPER ATMOSPHERE*

By

J. C. SCHELLENG
(Bell Telephone Laboratories, New Yark City)

Summary—The paper describes « method of estimating the distribution
of tonization in the upper atmosphere. [t is based upon measurements on
several frequencies of the effective height as determined by interference or echo
experiments. The latter two types of experiment are shown fo give identical
results.

NUMBER of ingenious radio experiments havé been
A devised and carried out by which estimates of the distri-
bution of ionization in the upper atmosphere have been
obtained. Most of these lead to an effective height which is
arrived at by assuming regular reflection. Plausible assumptions
are sometimes invoked to permit the calculation of corrections
which take account of the faet that the density of ionization
varies continuously. These caleulations usually involve the
method of trial and error, and while some of them may possibly
lead to fairly accurate results, a more direct method is desirable.
One of the purposes of the present note is to discuss a different
method which may possess certain advantages. As a preliminary
we will discuss certain relationships between some of the different
methods which have been used.

In one class of experiments the time required for a pulse to
travel by the overhead path to the receiver is measured. While
in Breit’s experiment this is done directly by time measurements
we must also include in this class experiments such as those of
Bown, Martin, and Potter; Appleton and Barnett; and Heising,
in which by means of a slow shift of frequency, the number of
“fringes,” i.e., maxima of field intensities, is counted, either by
observing a meter or by recording with an oscillograph. That
this type of measurement gives the time required for a pulse to
travel between the stations (group time) is not obvious, The
mistake is sometimes made of assuming that the total number of
wavelengths in the path can be obtained in this way. Thus
Pedersen! states that this type of measurement gives values of

* Original Manuseript Received by the Institute, August 27, 1928,

1 “Propagation of Radio Waves,” p. 229.
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the height of the apex of the path which are too small, a state-
ment which would be correct if the measurement gave the total
number of wavelengths. As a matter of fact this type of measure-
ment in general gives heights which are too great, as in the case
of echo experiments.

This can be shown as follows. The experiment gives directly
the quantity dN/df, where N is the total number of wavelengths
(N3) in the upper path minus the total number (N;) in the
direct path. In the case of reflection at a sharp surface of dis-
continuity we would have N =D/A=fD/c where D is the differ-
ence of the distances of D, and D, and ¢ is the velocity in vacuo.
In this case

dN D dN
—=-—andD=¢c—- @
df ¢ df
The results of experiments have been interpreted in this way?,
the effective height, %, of the apex of the path being calculated
by simple triangulation.
Now in general, regardless of the path followed,

N=N2"N1=f(Tp2— pl) (2)
in which T, refers to the phase time, or the time required for a

crest of the wave to travel between stations along the path
indicated by the subseript.

Therefore
D= Cﬂ =g <d(pr2) = d(prl)> (3)
af af af
But AUT) is the group time.

Hence the height is the same as would be measured at the time
by an echo experiment which would measure this time lag directly.
It should be noted that this conclusion does not involve any
assumptions as to the mechanism of transmission. It is true in
general regardless of the paths of the two waves.

One conclusion to be drawn is that we should be able to
compare the results of these two methods.

Breit has shown that in the case of waves for which the effect
of collisions and the effect of the earth’s magnetic field may be
neglected, this triangulation, in the case of pulse experiments,

? The authors referred to fully appreciated that the results give only
apparent heights.
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also gives the correct earth angle. At lower frequencies these
assumptions are not strictly true. In the range of short waves
they are correct to the extent that we can depend on the assump-
tion that ionization is not a function of the horizontal eoordi-
nates.’

Hence the several methods for measuring the height by
determining the pulse time, the earth angle, and shift of inter-
ference fringes, lead substantially to the same result for short
waves. None of them give the total number of waves in the path.

The method to be deseribed requires a means for obtaining the
total number of waves in the path. This might be done experi-
mentally in the following difficult manner. Starting at a very
low value, the frequency would gradually be increased. At a
receiver located one or two hundred kilometers away the fringes
would be counted. That these fringes exist has been found by
Hollingworth at 20 ke, by Bown, Martin, and Potter at 610 ke,
by Appleton and Barnett at 750 ke, and by Heising at about 5000
ke. Each fringe would represent the gain of one wave in the over-
head path as compared with the number, also increasing, in the
direct path. This number, integrated from zero frequency to the
frequency in which we are interested, would give the difference in
wave numbers for the two paths. Practically, we would have to
start within the radio range, so that an estimate of these quanti-
ties at the lower frequency would have to be made. This, in
itself a small correction, could be calculated with sufficient
accuracy to make the final error very small providing that the
upper frequency limit is large compared to the lower. Thus if -
these limits were respectively 5000 and 20 ke the error would be
a very small fraction of a per cent.

Having obtained the wave number we would use the construc-
tion suggested by Pedersen,* shown in Fig. 1. According to his
calculations, the wave number in the path APQ is equal to
AQ/\, where A, is the wavelength in vacuo. This is not strictly
true, but the error is small providing that the initial earth angle
is less than 60 deg. from the horizontal. This therefore furnishes
a method of determining the height of the apex of the path.

However, this experimental procedure is prohibitive and un-
necessary. As shown above,

3 Tt also assumes the validity of the method of rays. This method
should be subjected to a more critical examination than any it has yet

received.
4 “Propagation of Radio Waves,” p. 176.
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d
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As pointed out above, the integrand can be obtained from dif-
ferent types of experiments. Having determined AQ— AF the
solution for F@Q is obvious.

PATH #2
Q
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Fig. 1

We know that the group time at the lower frequencies is less
than for the high. This method corrects the large apparent
heights of the higher frequencies by means of the small apparent
heights of the lower frequencies.

The next step is the calculation of the iomzation on the basis
of the earth angles calculated from the original data. Owing to
complications due to the earth’s magnetic field this can be
done with confidence for the short waves only.

A further refinement in the estimate could be made by re-
calculating the number of waves in the path on the basis of the
computed distribution of ionization. This would furnish a second
approximation to the estimate for the height, the magnitude of
the error being dependent on the earth angle and being small
under the conditions already stated.

Data are not available for carrying out this calculation with
confidence. It is of interest, however, to try the method with
data which are based on actual experiment, but which are neces-
sarily assumed to hold under somewhat different conditions from
those which actually existed during the experiments.
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In Fig. 2 the apparent night-time heights from the experi-
ments mentioned are plotted on a kilocycle scale. The four points
correspond to the results of Hollingworth, Bown, Martin and Pot-
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ter; Appleton and Barnett; and Heising. It is rather interest-
ing that these fall on a straight line, the equation of which is

H =80+40.0440 f (6)

The exactness is accidental, however, since in the absence of
knowledge regarding the time of year for some of these experi-
ments we have averaged Hollingworth’s summer and winter
results. There is a very large part of the spectrum in which there
are no data. The point for 5000 ke is the mean of widely different
observed values.

Assuming for the sake of illustration that the base line (2d)
had been 150 km in all these experiments, the difference in the
group times along the two paths would have been

5

; (VH +d?—d)
Hence by (5),
AQ—AF—--I-f/o[\/f]2+d2 dldf (7
fodo

Substituting (6) in (7) and carrying out the indicated apera-
tions, the height FQ of the apex of the actual path ean be cal-
culated. This is shown in Fig. 2, which indicates that at the
highest frequency shown the actual height for the conditions
assumed would have been 192 km instead of 300. Owing to the
relatively high angles implicitly assumed, the calculated figures
are somewhat too low.

Fig. 3 gives the electrons per cubic centimeter calculated on
the assumption that collisions and the earth’s magnetic field
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do not greatly affect the results. These assumptions are satis-
factory at frequencies higher than two or three megacycles but
at lower frequencies the earth’s magnetic field will produce errors.

We wish to emphasize that these calculations are given as
an example of a method. While the estimate cannot have much
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weight on account of the meagerness of the data, the results
nevertheless do look plausible, and are probably more accurate
than the original data.

CoNcLusIoN

The similarity between interference experiments and pulse
experiments is pointed out. A method for obtaining the number
of waves in the trajectory of the overhead wave is described. It
1s then possible to calculate the height of the apex of the path.
From ray theory the number of electrons per cubic centimeter
can then be calculated for certain conditions. By combining
the results of different experimenters and making certain assump-
tions regarding the numerical quantities, the distribution is
calculated, primarily as an example of the method. The results
indicate an approximate increase in proportion to the second
power of the height above 80 km, reaching a value of 3X10° at
about 200 km. This is for night-time transmission.

The results indicate that a fruitful line of study will be to
carry out echo or fringe experiments at several frequencies from
1000 to 10,000 kilocycles, the base line being made sufficiently
large to avoid initial ray angles greater than 60 deg. from the
horizontal. Such experiments should enable us to calculate the
number of wavelengths in the path and hence the distribution
of ionization. An experiment of this kind is now in preparation.
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ANALYSIS OF BROADCASTING STATION ALLOCATION*

By

J. H. DELLINGER
(Chief Engineer, Federal Radio Commission, Washington, D. CJ)

HE new allocation of broadcasting stations announced by

the Federal Radio Commission on September 11, 1928

was prepared in accordance with the allocation plan set
forth in the Commission’s General Order No. 40, of September 7,
1928. Both the plan and the allocation itself were drawn in com-
pliance with the requirements of the 1928 Amendment to the
Radio Act as to equalization of broadcasting facilities between
the zones and states. The allocation was, furthermore, made in
compliance with the Commission’s decision that no existing
stations should be abolished at the time of its inception. It is
believed to provide the greatest aggregate of radio service to the
country possible under the two conditions just mentioned. Its
principal features are: (a) it provides a definite, invariant basis
of station assignments for each zone and locality, (b) it can be
improved wherever interference is found to exist in actual opera-
tion, through the reduction of power or the elimination or
particular stations, without disturbing the station allocatien as
a whole, (c) it eliminates heterodyne interference on 80 per cent
of the listener’s dial, (d) it recognizes the essentially different
requirements of local, regional, and distant service.

Proper provision for the differing requirements of the listeners
in large rural areas, cities, and intermediate areas made the pre-
paration of this allocation a difficult task. It would have been
very easy to allocate all existing stations, and many mare, if
only local service or the effects a few miles from the station had
been considered. As soon as consideration was given to service
more than a few miles from a station, serious difficulty arose,
since heterodyne interference extends to many times the distance
from a station to which actual program service extends. Opera-
tion of two or more stations on a channel (i.e., on one frequency
or wavelength) results in an area of destructive interference
very much greater than the area in which program service is pro-
vided unless the stations are of low power and widely spaced

* Original Manuscript Received by the Institute, September 15, 1928.
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geographically. It is only when a station has exclusive use of its
channel that program service free from interference can be
furnished at great distances. But since there are only 90 chan-
nels available for broadcasting in the United States, there could
not possibly be more than 90 simultaneously operating stations
giving service at great distances.

The only reasonable solution of this dilemma is that which
the Commission has adopted, the setting aside of a certain num-
ber of channels (40) for distant or rural service, each with only
one station assignment,! and the use of the remaining channels
for service at more moderate distances with several station
assignments on each channel, all with limited power and located
systematically at proper distances apart to minimize inter-
ference.

The channels used for the latter type of station assignments
are subdivided into “regional service” channels, which are kept
substantially free from heterodyne interference by restricting
power to 1000 watts and keeping the stations on a given channel
in general 1000 miles or more apart, and several other types of
channels on which heterodyne interference is permitted but
which give satisfactory local service.

Besides the channels designated as “local service” there are
two classes of “limited service” channels on which heterodyne
interference is permitted. On five of these channels, 1000-watt
stations are permitted, and on four of them 5-kilowatt stations.
These will not give distant service and are in that sense “limited”,
but will give better local service than the stations on the “local
service” channels because of their higher power. In some dis-
cussions the 1000-watt limited service channels are lumped
with regional service channels, because there is not a very sharp
difference between them; a heavily loaded regional service chan-
nel would be indistinguishable from a 1000-watt limited service
channel.

There has been no specific designation of a name for the class
of channels intended to give distant or rural service. They have
been called variously “rural service,” “distant service,” “cleared,”
“high-power,” “heterodyne-free,” and “exclusive” channels.
Stations on these channels may be authorized to use power up
to 25 kilowatts, and, experimentally, up to 50 kilowatts.*

! The expression “station assignment,” or “full-time assignment,” in-

dicates full-time operation 24 hours a day by a station, or a group of
stations sharing time.
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The allocation is in harmony with good engineering principles.
In the separate provision for high-power exclusive channels and
restricted-power local channels, and in the geographical spacings
of stations on the same and adjacent frequencies, and in other
vital respects, the allocation is in accord with “A Statement on
Engineering Principles” presented to the Commission on March
30, 1927, by the Committee on Radio Broadcasting of the
American Engineering Council. It is also in essential accord with
the recommendations of the radio engineers in the April 6, 1928
conference, except that only 40 high-power exclusive channels
are provided instead of 50.

SUMMARY OF ALLOCATION Pran

The allocation plan is set forth in detail in General Order
No. 40. Its principal features are indicated in the following table.
The available numbers of station assignments have not in all
cases been utilized in all the zones, in the allocation which the
Commission has announced.

| High-_

Power, | Regional, | Limited Service Local
Skw | 500- s i -
| and up | 1000 w I 5 kw l 1000 w | 100 w Total
Number of Channels [ 40 \ 35 | 4 \ 5 l 6 90
Station Assignments per chan- I |
ne l 2 21 23 5 25 —
Number Station Assignments; |
inU. S, . 90 10 25 ‘ 150 15
Number Station Assignments| |
in each zone . | 8 18 2 5 | 30 63
1

The allocation is based on night-time transmission conditions.
Besides the classes of stations shown in the table, there are a
number of supplementary stations added on some channels.
These include a number of “daytime service” stations and
“limited time” stations. The latter are allowed to operate during
the day and also during certain time (after late evening in the
East by western stations) temporarily not used by the stations
entitled to the channel. The “day-time service” stations are
allowed to operate only during non-interfering hours. They are
required to shut down at sunset. This shall be taken to be sunset
at the daytime service station unless it is the farthest east of the
stations on the channel, in which case sunset at the next station
west on the same channel. The time of sunset varies-from about
4:30 in December to 7:30 in June, local sun time.

2 Approximate Average.
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TuE L1sTENER’S DIAL

The choice of particular frequencies for the several classes of
stations was influenced in considerable measure by the present
frequencies of stations. Thus, one reason that the high-power
channels are begun at 640 kilocycles rather than at 550 kilocycles
1s because the public is accustomed to hearing some of the regional
service stations at this end of the spectrum. This principle has
permitted reducing as much as possible the average shift of fre-
quency which the stations must make.

The placing of several blocks of regional and local service
channels in different parts of the dial has the advantage that it
permits the licensing of more stations in certain places (e.g.,
Boston and Los Angeles) than would be possible (because of inter-
channel interference) if the channels of each class of station were
all bunched in a single group.

The high-power channels, however, are consolidated into a
single block in the spectrum (except for Canadian exclusive and
Canadian shared channels and the group of regional channels
880 to 950 kes), so that the listeners on these heterodyne-free
channels will be as free as possible from inter-channel inter-
ference from nearby stations of other classes.

The choice of channel locations is expected to have the effect
of making programs as available at the high-frequency end of
"the listener’s dial as at the low-frequency end. Thus the entire
dial becomes useful, for listeners everywhere in the United States.

In the following list, the numbers in parentheses after certain
frequencies indicate the zone to which that frequency is assigned.

550
560 Limited Service 1000
570

610 Regional Service

640 (5)
650 (3)

Rural Service (i.e., high power)
680 (5)
690 Canada
700 (2)
710 (1)
720 (4)

730 Canada

* Rural Service (i.e., high power)



740 (3)
750 (2)
760 (1)
770 (4)

780

790 (5)
800 (3)

830 (5)
840

850 (3
860 (1)
870 (4)

880
890
900

910

960

970 (5)
980 (2)
990 (1)
1000 (4)

1010
1020 (2)
1030

1040 (3)
1050 (5)
1060 (1)
1070 (2)
1080 (3)
1090 (4)
1100 (1)
1110 (2)

1120

1130 (5)
1140 (3)
1150 (1)
1160 54)
1170 (2)
1180 (4)
1190 (3)

!

!
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Rural Service (i.e., high power)

Regional Service (shared with Canada)

Rural Service (i.e., high power)

Canada

Rural Service (i.e., high power)

Regional Service

Canada

Regional Service

Canada

Rural Service (i‘e., high power)

Regional Service {(shared with Canada)
Rural Service (i.e., high power)

Canada

Rural Service (i.e., high power)

Regional Service (shared with Canada)

Rural Seryice (i.e., high power)

Local Service

Regional Service

Local Service

Regional Service

Local Service
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1380

iigg ] Regional Service

1410

1420 Local Service

1430 Regional Service

}iég } Limited Service 1000 w
1460

{igg ] Limited Service 5 kw
1490

1500 Local Service

EqQuaLizaTion

The table given above under “Summary of Allocation Plan”
shows how the frequencies are equalized between the zones.
Fach zone receives exactly one-fifth of the station assignments.
In some zones there are a few vacancies in the station assign-
ments which will be available until future stations are constructed
In the localities where those station assignments can be used.
The allocation of frequencies and of station assignments to the
individual states is closely proportional to population, as the
law requires; this correspondence, of course, cannot be exact be-
cause the inequalities of state populations lead to many fractional
quotas.

The aggregate power assigned to the stations is nearly equal
for the five zones and is closely proportional to the populations
of the states within each zone, For the future, moreover, the
potential power of stations is exactly equalized between the zones,
since by General Orders 40 and 42 the same upper limit of power
is prescribed for all stations of each class.

The number of licenses is equalized only approximately, as
follows: Zone No. 1, 108; Zone No. 2, 106; Zone No. 3, 115;
Zone No. 4, 155; Zone No. 5, 132. The total number of licenses,
or stations, is 616, an average per zone of 123. The principal
disparity is an excess of 32 over the average, in the Fourth Zone
(the Middle West). These departures from equality are inherent
in the Commission’s fundamental decision that mo existing
stations should be abolished at the time of the inception of the
new allocation.

The equalization of time “on the air” is indicated essentially
by the distribution of “station assignments,” which is equal as
between the zones, and reasonably proportional to population as
between the states. The equalization of time is somewhat
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altered, however, by the addition of “daytime service” stations
on some of the channels.

CoNcLUsION

The channels are carefully cleared of inter-channel inter-
ference in every part of the dial. This clearing is particularly
well effected in Zones 3, 4, and 5. Zones 1 and 2 being smaller,
the geographical spacings are somewhat less than in the other
zones, and interference may in a few cases be perceptible on
winter nights.

It is believed that heterodyne interference is substantially
eliminated except on the 9 limited service channels and the 6
local service channels. If such interference should develcpon
any of the 75 heterodyne-free channels, the Commission may
reduce it by decreasing a station’s power or eliminating one or
more stations.

The principal features of the allocation, such as the assign-
ment of amounts of power and of particular frequencies to
particular localities, can not in general be altered, because of the
interdependence of the frequency and distance separations
throughout the entire set-up. However, the selection of stations
in a given locality to be put in a particular power class, the selec-
tion of stations in a locality to be assigned to the specific fre-
quencies allotted to the locality, and the relative amounts of
time divisions by groups or stations, are all features which can
be changed at any time as the Commission sees fit without
affecting the soundness of the set-up in any way. Thus the Com-
mission will have a quick and definite way of determining what
its action should be on all broadeast license applications.

STATE QUOTAS OF BROADCASTING ASSIGNMENTS

General Orders Nos. 40, 41, and 42, of the Federal Radio
Commission, published in the Radio Service Bulletin for August
31, 1928, outline the basis for a general reallocation of the broad-
casting stations of the United States.

In effect, the Commission’s orders recognize three prineipal
classes of stations and specify the broadcasting channels which
shall be used by each class. The existing stations are then as-
signed to channels in aceordance with this plan, time divisions
being required where necessary, in order to minimize interference
and to make the apportionment of full-time assignments as re-
quired by the law.
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The full-time assighments may be classified as follows:

1. Stations to which full use of a clear channel is
granted (5 kilowatts or more in power).

2. Stations which are assigned to a channel for
simultaneous operation with one or two (or in
some cases three or four) other stations. (On
most of these channels, the power authorized
for use by a given station is 500 or 1000 watts; in
certain cases, power is limited to 250 watts, and
on certain “limited service” channels power up
to 5000 watts is permitted.)

3. Stations which are assigned to a channel jointly
with about 25 other stations scattered through-
out the country (up to 100 watts in power).

In addition, a number of other stations are authorized to
operate during the daytime or at such other times (such as
early evening or late at night) as will not cause interference with
the operation of the station or stations which are assigned for
the primary use of these channels.

An equal number of assignments of stations in each of the
five zones, as far as possible, is required by the law. The Commis-
sion has made equal as among the zones, the number of assign-
ments of each class. The proportionate number of full-time
assignments of each class to be made to each state was determined
from the ratio of the state population to the total population
of the zone. The state quotas of full-time assignments of each
of the three classes, based on a statement issued by the Commis-
sion, are given in the following table:

State Quotaa of Full-time
“Assignments”
1 2 3
Percentage of “Rural” “Regional” “Local”
Total National Service Service Chiefly
Facilities 5-kw and chiefly 50-w and
Due State above 500-1000-w 100-w
FIrsT ZONB
Maine 0.6 0.24 0.7 0.9
New Hampshire 0.3 0.12 0.4 0.5
Vermont 0.3 0.12 0.3 0.4
Massachusetts 3.1 1.24 3.9 4.7
Connecticut 1.2 0.48 1.5 1.8
Rhode Island 0.5 0.20 0.7 0.8
New York 8.4 3.36 10.6 12.7
New Jersey 2.8 1.12 3.5 4.2
Delaware 0.2 0.08 Q.2 0.3
Maryland 1.2 0.48 1.5 1.8
Dist. of Columbia 0.4 0.16 0.5 0.6
Porto Rico 0.9 0.36 1.2 1.4
Virgin Islands 0.02 — — —
20. per cent 8. 25. 30
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State Quotas of Full-time
“Assignments’’
1 2 3
Percentage of “Rural’” “Regional” “Locad”
Total National Service Service Chiefly
Facilities 5-kw and Chiefly 50-w and
Due State above 500-1000-w 100-w
SECOND ZONE
Pennsylvania 7.0 2.80 8.8 10.5
Virginia 1.8 0.72 2.3 2.7
West Virginia 1.2 0.48 1.5 1.8
Ohio 4.9 1.96 6.1 7.3
Michigan 3.3 1.32 4.1 4.9
Kentucky 1.8 0.72 2.3 2.7
20. per cent 8. 25. 30
THIRD ZONE
North Carolina 2.1 0.84 2.6 3.1
South Carolina 1.3 0.52 1.7 2.0
Georgia 2.3 0.92 2.9 3.4
Florida 1.0 0.40 1.3 1.5
Alabama 1.8 0.72 2.3 2.7
Tennessee 1.8 0.72 2.2 2.7
Maississippi 1.3 0.52 1.6 1.9
Arkansas 1.4 0.56 1.7 2.1
Louisiana 1.4 0.56 1.8 2.1
Texas 3.9 1.56 4.9 5.9
Oklahoma 1.7 0.68 2.2 2.6
20. per cent 8. 25. 30.
FoUrRTH ZONE
Indiana 2.4 0.96 3.0 3.6
Tllinois 5.5 2.20 7.0 8.3
Wisconsin 2.2 0.88 2.8 3.8
North Dakota 0.5 0.20 0.6 0.7
Minnesota 2.0 0.80 2.5 3.0
South Dakota 0.5 0.20 0.7 0.8
Iowa 1.8 0.72 2.3 2.7
Nebraska 1.1 0.44 1.3 1.6
Kansas 1.4 0.56 1.7 . 2.0
Missouri 2.6 1.08 3.3 4.0
20. per cent 8. 25. 30.
FirTH ZONE
Montana 1.0 0.40 1.2 1.5
Idaho 1.0 0.40 1.2 1.4
Wyoming 0.4 0.16 0.5 0.7
Colorado ™ 2.0 0.80 2.4 2.9
New Mexico 0.7 0.28 0.9 1.0
Arizona 0.8 0.32 1.0 1.2
Utah i) 0.9 0.36 1.2 1.4
Nevada ™ 0.1 0.04 0.2 0.2
Washington | 2.8 1.14 3.5 4.2
Qregon 1.6 0.64 2.0 2.4
California 8.2 3.28 10.2 12.1
Ter. of Hawaii 0.5 — — —_
Alaska 0.1 — s -
8. 25. 30.

20. per cent
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THE DEPENDENCE OF THE FREQUENCY OF
QUARTZ PIEZO-ELECTRIC OSCILLATORS
UPON CIRCUIT CONSTANTS*

By

EarLe M. TErrY
(Professor of Physies, University of Wisconsin, Madison, Wisconsin)

Summary—7The mathemalical theory for the quartz piezo-electric stabil-
ized, vacuum-tube-driven osctllator is given for the following cases: tuned
plate circut, inductance-loaded and resistance-loaded triode with the crystal
between grid and plate, and also between grid and filament for each case. The
condition for oscillations and the exact expression for the frequencies, damping
Jactors, coupling coefficient, tube constanis, etc., is given. In the analysis of
the oscillator the equivalent network for the crystal given by Van Dyke has been
used. The theory has been checked by measuring the variation in frequency of a
quartz stabilized oscillator for variations in tmpedance of the plate circuit for
the tuned circuit and resistance-loaded tube respectively. To satisfy the condi-
tion for oscillation it is necessary to use values for the equivalent resistance of
the crystal somewhat smaller than those given by Van Dyke’s formula. A
discussion of the general method by which conditions for oscillation and ex-
pressions for the driven frequency of an oscillator may be obtained from the
coefficients of differential equations up to the fourth order is included.

HE use of quartz piezo-electric oscillators, as first de-
scribed by Cady,! for stabilizing the frequency of triode-
driven circuits, has been of inestimable value .in the
maintenance of frequency standards and in holding radio trans-
mitters on their assigned frequencies. Investigation has shown
that the frequencies of such oscillators are, however, subject to
certain variations, the chief causes of which are changes in tem-
perature of the quartz plate, methods of mounting it, and the
reactions of the electric circuit upon the mechanical properties of
the quartz itself. By use of suitable thermostatic devices and
by standardization of mountings, the first two sources of error
have been brought under very good control, but the extent to
which the frequency is influenced by the elements of the sys-
tem of which the erystal forms a part has not as yet been fully
investigated, and it is to supply this need in certain of the more
* Original Manuscript Received by the Institute, August 6, 1928.
Presented before the International Union of Scientific Radiotelegraphy,
Washington, D.C., April 19, 1928.

! Cady, W. G., “Piezo-electric Resonator,” Proc. L.R.E., 10, 83;
April, 1922.
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commonly used circuits that the following work has been carried
out.

Van Dyke? has shown that a piezo-clectric quartz crystal
is equivalent electrically to an inductance, a capacitance, and a
resistance joined in series, as shown in Fig. 1, with a second
capacitance shunted across them, and has given formulas by
which these equivalent electrical quantities may be computed
for any of its normal modes of oscillation from the dimensions
of the crystal. Using this method of representation, Dye® has
studied the effect of the constants of the eircuit to which the
crystal is connected when used as a resonator, but as far as the
author is aware, no study has yet been made of the correspond-
ing problem—namely, the effect of the constants of the circuit
when the crystal is used as a stabilizer for a vacuum-tube-driven
circuit.

1l
| rc1
Fig. 1—Equivalent Network.

In carrying out this work, the crystal has been replaced in
the circuits to be studied by its electrical equivalent as given by
Van Dyke. It thus forms one of the elements of a coupled sys-
tem, and the resultant frequency of the driven coupled system
has been worked out in terms of that of the equivalent crystal
element when uncoupled and oscillating according to one of
its normal modes. In making the analysis of the various circuits
considered, the method of differential equations rather than
complex algebra has been used, since it permits the determination
of the condition for oscillation and the calculation of frequency
to be made directly from the coefficients of the differential equa-
tion. The advantages of this method, which, of course, are well-
known, seem to be insufficiently appreciated, and a brief dis-
cussion of the theory may not be out of place.

Suppose we have any system, mechancial or electrical, such
that its instantaneous state of motion may be described by a
differential equation of the second order, e.g.,

2 Van Dyke, K. 8., “The Piezo-electric Resonator and its Equivalent
Network,” Proc. L.R.E., 16, 742; June, 1928,

s Dye, D. W., “Piezo-clectric Quartz Resonator and Equivalent
Electrical Circuit,”” Proc. Phys. Soc. London, 38, 399; 1926.
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d—+P1—t+P2x=0. (@))]
In order that z=e™ may be a solution of (1), it is necessary that
the auxiliary equation
m2+Pim+P,=0 2)
be satisfied—that is
—P,++/P?—4P,
2

m= (3)
The condition that the system may execute oscillations is that

P2<4P, If this condition is satisfied, then the roots of (2)
may be written

. P, V4P, — P;?
mi=a+jB8 where a= — and 8= —— (4)
m2=a—jﬁ j:»\/.—l
The solution may then be written
z=Ae~ sin (¢, (5)

The damping factor « is seen to be one-half the coefficient
of the first order derivative in (1). In general, P; is positive
and oscillations die out logarithmically. If, however, the system
contains some source of energy or a regenerative device, P, may
be zero, or even negative. In the former case, oscillations, once
started, persist with constant amplitude, and in the latter they
are built up. The condition, then, that oscillations may persist
in any vacuum-tube-driven circuit whose instantaneous state
may be described by a second order differential equation is that
the coefficient of the first order derivative be zero. It is also to
be noted by (4) that when this condition has been satisfied, the
square of the radian frequency of the system is given by P,, the
coefficient of the absolute term.

Unfortunately, not many triode circuits can be described by
a second order differential equation. The method may, however,
be extended to cases requiring third and fourth order differential
equations for their description. For example, suppose a third
order equation is required, e.g.,
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diz d2r dx
d_t3+ 15'*' 2——+P3x 0. (6)

The auxiliary equation is then
m3+P1m2+P2m+P3=O (7)
If the system, thus described, is to be capable of oscillations, two

of the roots of (7) must be a pair of conjugate complexes, and
the third, real. Let them be

my =K
my=a+jB ®)
M3= —jﬁ
where o and 8 are the damping factor and radian frequency,
respectively, and « the reciprocal of the time constant for the
non-oscillatory transient.
The condition that oscillations once started may persist,
that is, =0, may be obtained from the theorem giving the re-

lation between roots and coefficients in an algebraic equation.
Thus

mytmetmy=—P,
My Mg -+-mamy = -+ Py 9
mymems= — P;
Substituting (8) in (9) we have
k+20=—P;
2kat-a?+4-B2=P, {10)
x(ot+(%) = —P;

If =0, these become

K= —P1
B2=P, (11)
h62= "'P3
P,
Whence §2=P, and 2—; (12)
1

The condition, then, that «=0 is that these two values of 8
must be the same; that is
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Py=— (13)
1

Thus the condition for undamped oscillations and the expression
for the frequency may be obtained from the differential equation
without solving it.

For the case of the fourth order differential equation the
procedure is similar, and, although the conditions are somewhat
more complicated, the method is readily workable. Let the dif-
ferential equation be

dz dz d2x dx
lt4+ ld—t“+ 2——+P3—+P4x 0 (14)
with its auxiliary equation
mi4 Pim?+ Pym2+4Pym 4 Py=0. (15)

The system which this equation deseribes may be either simply
or doubly periodiec. In the former case, (15) has two real and
one pair of conjugate complex roots, and in the latter, two pairs
of conjugate complex roots. For the doubly periodic case the

roots may be written
my=og +]:61 m3 = Qg +,7:/32 (16)
ma=o —,761 my=ay —.732

where ay, oz and B4, 82 are the damping factors and radian fre-
quencies, respectively, for the resultant oscillations. Again mak-
ing use of the relation between roots and coefficients we have

2(041+(X2) = _Pl
a12+612+4a1a2+a22+622=P2
200(c? +-622) + 205 (a2 +-61%) = — Ps
(a{"-{—ﬁ{") ((X22 +622) =P4
The imaginary terms drop out, since the coefficients of (15) are
all real. We seek now the condition that one of the damping

factors, e.g., @, may be zero. Putting o;=0 in (17) @, and S,
may be eliminated, and there results

(17)

P Py+ /P — 4P,
Blz:f and B2 % (18)
1
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The condition for undamped oscillations is then either

Py Py++/P7—4P,

p, 2

19

P3 P2-\/P-_»2'—'4P4 ( )
or P1_ 5

Since equations (17) are symmetrical with respect to the a’s
and ’s, the same result would have been obtained had we sought
the condition that a;=0. It may be shown, however, that in
(19) the plus sign gives the condition for one damping factor
zero, and the minus sign that for the other zero.

R

S
QW
o[ —

E A
Cz—w—

Ra

Fig. 2—Network for Crystal between Grid and Plate.

In stabilizing a vacuum-tube-driven circuit, the crystal may
be connected either across the grid and filament of the tube or
across the grid and plate. In the former case, the internal capacity
between the plate and grid furnishes the necessary feed-back
coupling, and in the latter, the grid-filament capacity serves this
purpose. In this report, the solution will be given for these two
cases using in each a tuned resonance circuit in series with the
plate. The simplified ciruits of Piercet may be discussed as
special cases.

‘ Pierce, G. W., “Piezo-electric Crystal Resonators and Crystal
Oscillators Applied to Precision Calibration of Wave Meters.” Proc. Am.
Acad., 59, 81; 1923.
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CryYSTAL BETWEEN GRID AND PLATE

I. Tuned Plate Circuit. - The circuit diagram for this case
is shown in Fig. 2, in which L,, R., C; represent the equivalent
series elements of the crystals as shown in Fig. 1, while C, is
the sum of the interelectrode capacitance between plate and
grid of the tube and C, of the crystal. The simplified diagram is
shown in Fig. 3, where C;=C’',+C;. In setting up the Kirchhoff
equations, the d.c. grid current has been neglected and a linear
static tube characteristic has been assumed. With these simpli-
fications, we have

L dil—}-R '+1 f di+ ! f(' )dt =0 (20)
1dt 111 C3 71 C,, n—1 =

L di2+R ik f(' —4,)dt=0 @1

2dt ol C, To—1—1p = )

& zdt—— f (i —1—1,)dt — f (i, —0)dt=0 (22)

R;(ep'i‘#ea) (23)

1 1
where €p="— f 1y—1—1,)dt; e =-—fidt
P 02 (2 p) (] C,,

Differentiating and combining, these become

1 1
— Y ——=0 24
'i‘ 1— +<C3+Cp>7'1 Cpl ) ( )
d27,2 diz 1
Lz‘&;‘i‘ 2—+02(’Lz ’L,,) 0 (25)
= O (26)
'L—aﬁ c. 1o —1p)
di, 1[1
=¥ 27
dt Rl[(}z(z2 =& gi -
1 1 1 1
where — =t

C, C, C;, C,
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Substituting (26) in (24), (25), and (27), respectively, we have

Gy —i,= MJmﬁ + RlomﬁJrC’" i (28)
de? dt ' C,
de%-l— 22+ ( z,,)—izl_o (29)
de? (9
di, 1 - e
= =R—p|:67b,(7.2—1p) —C—m,zl :I (30)
where
1 1 1 1 1 C 1 1 €
¢ G'e oo o6
1 1 C 1 C 1 Co

— =ty —=—

¢/ C ¢, ¢ Cn tee, €. GO,

C. is the total capacitance of the primary circuit between
the points da; Cy that between the points dd; and Cj that between
the points ee.

e 8 o 0,4 507
CrCscC =0 C,+C,

Substituting (28) in (29) and (30), respectively, there re-
sults

a% dis, I.C, d% R,C, di Cn 1
2£ 2 A + - g E - < o —‘>7«1 =0 (31)
dt? Co d2  C, dt C.C, Cn
di 1Co d¥y RC, duy 1/ C, 1
zp= 1 , o et : l+_<___,__,>¢l (32)
it R,Cy d  R,Cy di  RAC.Cy Cn

Differentiating (28) and substituting (32), we have

di? %, LiCo\d%,
o d3+<R‘C"‘+R,,Cb'>ﬁ
Cn RiCuNdin 1/ Cn 1Y
+< C. +R,,Cb’>§+17,,<oaob’_07>“ 39

Substituting (33) and its derivatives in (31) the following fourth
order differential-equation results:
d*, d3, d%,

di, ] r
E+P1d—t3—+Pzd—t2+P3E+P4‘h=0 (34)
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in which

R, R 1 ]
P=—— /

L, L, R.Ch

2

5 1 1RlR2 1 +l<& &)_1_
LlC,, l L1L2 Lng Rp L1 L2 Cb/ L (35)
. R, P Ry +i< 1 1 R1R2__ 1 >‘
TalaCs  LilsCh - BNLICRCy Enlally” LGl

B

P 1 1 +Rz< 1 1 >
Y LLCiCy  LLyCrn? RALLLLCLCY LnlnCoCn'/ )

Introducing now the uncoupled damping factors o, and o, the
uncoupled, undamped frequencies 8. and £, and the coupling
coefficient 7, defined as follows:

R, 1 il
(673 s Ba2 — o
2L, L,C, - Cn? _CaCb
R oo, Tl 1 e
7oL 7T LG C. Cy
the coefficients of (35) become
)
P,=2(a,
1=2(cetan) + R.CY
1 2
P2 =Ba2+4aaab+6b2+_(aa+ab)_
R, Cy'
1 1 1 > (36)
P;= 2(abﬁa2 +aa‘3b2) +E7J:(Ba2 + 4aaab)c—b, —iq—CmCm/:l

e 0]
= Pa -7 S O T
) ’ RAC) C. J

Depending upon the coefficients P, - - -Ps, the solution of
(34) may represent four exponentially damped transients, two
such transients and a periodic function, or a doubly periodic
function. In the circuits with which we are generally concerned
in radio work, the last of these possibilities usually obtains.
Neglecting for the moment the effect of the tube, the normal
modes of oscillation of the coupled circuits (a) and (b), Fig. 3,
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consist of two currents in each circuit with frequencies and
damping factors 81 and a;, 8, and as, respectively. At oune of
these two frequencies the current in one circuit is nearly in
phase with that in the other, while at the other frequency, the
two currents are nearly opposite in phase. By suitably connect-
ing the tube to the circuit, one of the normal modes of oscillation,
B, for example, may supply voltages to grid and plate, respec-
tively, nearly opposite in phase, and regeneration will occur for
this frequency, while for the other frequency 85, the grid and plate
voltages are nearly in phase and absorption of energy by the
tube rapidly damps this oscillation out. However, by an appro-
priate change in the connections, the situation may be reversed,
and regeneration occur for the frequency B, and absorption for
B1. Because of these phase relations between the primary and

Rp

11

Fig. 3—Simplified Diagram for Fig. 2.

secondary currents for the two normal modes of oscillation, it
1s not possible to have regeneration at both frequencies at the
same time with a single tube. In the case of crystal-stabilized
oscillators with tuned plate circuit, the grid- and plate-voltage
relations are such that the system oscillates according to one
only of its normal modes when the crystal is connected between
grid and plate, and to the other only, when connected between
grid and filament. The latter case is discussed in Section IV.
The action of the tube in driving such a circuit may be
roughly regarded as neutralizing the resistance of the circuit
for one of the frequencies, that is, by making one of the damping
factors effectively zero, and at the same time increasing the
other damping factor. In general, resistance neutralization is
incomplete in that the frequency of the resulting oscillations is
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determined not by the inductances, capacitances, and degree of
coupling of the circuits alone, but by the resistances of the two
circuits and the electrical constants of the tube as well. The
expression for the resultant frequency is given by (18), where
where the P’sof (36) are given such values that the condition for
oscillation, (19), is satisfied.

Ry

ol

Yo

Fig. 4—Network for Crystal between Grid and Filament.

II. Inductance-Loaded Circuit. This may be regarded as a
special case of the circuit just discussed in which C; is reduced
to C;, the capacitance between plate and filament of the tube.
The circuit is still doubly periodie.

ITI. Resistance-Loaded Circuit. This is also a special case
of the above in which, in addition to putting C, equal to Cj,
L, is made zero. Thus, multiplying (34) by L, and then placing
Ly =0 there results

d3i1+Pd2i1+P dil-i—P‘ 0. (37)
ae T ae g T
in which
R 1 i
Pi=—+ ,
L. R.Cy R,Ch
1 R R
P; B P L (38)

_— |
LG " RilaCy "R

p 1 1 +1< 1 1 >
P RyLiCCo RalnCr?  RALC.Cy LiCuCn’/)
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Introducing the uncoupled damping factors and frequency of
(36), equations (38) become

1
Py=2 a+
=2t o ROy
Py=pit 20a 20, (39)
TR, R,CY

L& 1 1/8.* 1
p b g >

— + - .
R2Cb RZLIC’m2 Rp Cb, LICmCm’
This circuit is singly periodic and its frequency is given by (12)
when the condition for oscillation, (13), has been satisfied.
CrysTAL BETWEEN GRID AND FILAMENT

IV. Tuned Plate Circuit. The circuit for this case is shown
in Fig. 4 and the simplified diagram in Fig. 5, where C; is again
C%4+C;. C, is here the coupling capacity instead of C,.

Writing the Kirchhoff relations, we have

di

Ll—h——}—Rm—}- ledt—}-—f(u—l)dt— (40)
d'Lz
—+R212+—f(zn+zp 1)dt=0 (41)
Epfidt——af(iz—}—i,,—i)dt—af(il—i)dt=0 (42)

1
ip=—(ep+16,) 43)
R,
where

1
€p= —a f (12+’LZ,—"L)dt

1
e,,=a f ('Ll—l)dt

These equations differ enly in minor details from (20) to
(23), and the method of elimination is strictly analogous and will
not be repeated. When the process has been carried out, there
again results the fourth order differential equation
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d*; d®; d%;

"&;‘l‘Pld—ta‘l‘ +P3 +P421— (44)
in which
i, Lo ]
L, R,Cy’

=

1 R1R2 1 1/R;, R,
1, " ity L20b+R< )cb" } o
R, Re 1 1< L, Rk, 1
L,L,C, LngCb L,C,Cy" LngCb” L,C..C.'

P.— 1 1 +R2< 1 1 )
Y LLC.Cy LiLaCr? | RALL:CoCy”  InLnCoCa’

Substituting uncoupled frequencies, damping factors and
coupling coefficients, they become

Pl—z(aa-l_ab)-l_ C 0
P, =Ba2+4aaab+6b2+_(aa+ab)i
Rp (o
(46)

1 1 1
=2 a,2 al 2 3 4 af
(abﬁ +a Bb )+ I’[ (6 + * ab) b” LlCmCm”:|

P4=Ba26b2[ kb <Cb e 12>:|
Cbll lel

where

- == o _— . =

Cn G G en et e e

Cy 1 1 u 1 1

C is the capacitance between the points dd of Fig. 5. The other
quantities have the same meaning as in Case 1.

V. Inductance-Loaded Circuit. As in Case II, the coef-
ficients P; - - -P, are obtained by putting Cy=C,. The circuit
is doubly periodic.

VI. Resistance-Loaded Circuit. As in Case III, multiply
(44) by L., put L,=0, and there results

d’ d%,

di
d_t*‘+Pld—t2+P2Etl—+P3il=O (47)
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where
e oy ek ]
R,Cy, R,Cy’
P (48)
RCs ' R,Cy"

Ba? 1 1/B:2 1
et THW
R.Cy R,L.C,% R\Cy' IL,C.C."”

NUMERICAL CALCULATIONS

As pointed out above in (18), (19), (12), and (13), the expres-
sion for the frequency of the vacuum-tube-driven circuit, when
doubly periodic, is given by

P+ \/P 22— 4P,

5 (49)

62

where the coefficients of the fourth order differential equation
have such values that the condition for oscillation, i.e.,

Pyt P22—4P4_P3

AERES R 50
5 P, (50)

is satisfied, and for the singly periodic circuit
B*=P, (51)

where
Py

Py=— 52
=5 (52)

In_satisfying the condition for oscillation for any given values
of the uncoupled frequencies 8, and 85, R, is a variable parameter.
R, is, in reality, the reciproecal of the slope of the static character-
istic of the tube as given by (23). Since, however, the actual
characteristic of the tube is not linear but is curved, R, has differ-
ent values for various points on the curve. Moreover, for cyclic
variations in grid potential, R, has different values throughout
the cycle and it must, therefore, when used in numerical calcula-
tions, be thought of as a sort of average value taken over the
cycle. The greater the limits of grid potential variations, the
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greater is R,. It is thus a purely fictitious quantity, to which
it is impossible to give a definite physical meaning, but which
serves a useful purpose. In general, the larger the value reached
by R,, the more vigorously is the circuit oscillating.

The direct method for computing the frequency of the system
would be to substitute in (50) values of P’s derived from (36) or

Fig. 5—Simplified Diagram for Fig. 4.

(46), using any pair of values for the uncoupled frequencies f,
and Bs, and then to solve for R,. This value of R, when sub-
stituted in (49), would then give the frequency of the driven
system for these values of 8, and 8. Unfortunately, (50) is too
complicated a function of R, to make this procedure possible,
and a graphical method was employed. The right- and left-hand
members of (50) were plotted as a function of R, for a series of
values of B, and 8. The intersection of these curves then gave
the value of 82 for this combination of uncoupled frequencies.

To simplify the computations and make them of more general
application, relative frequencies rather than actual frequencies
of any particular crystal were used. Dividing (49) and (50)
by B.* we have

P, /TP 4P,
— 1A/ =) 53
B\: B 4/ <Ba2> B =)

- =

Since P, and P, from (36) are functions of 8. and B, (53) gives
the ratio of the driven frequency of any crystal to its undriven
value in terms of the ratio of the uncoupled frequency of the
plate circuit to the undriven frequency of the crystal, the un-
driven frequency of the crystal, damping factors and other
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constants of the circuit. In carrying out the computations 8,
was taken as unity.

The computations were carried out for a crystal having the
dimensions shown in Table I. The measured value of its driven
fundamental frequency for “thickness” oscillations was 451.53 ke.

TABLE I
Tov~eD PraTE CIircurr
Dimensions of Electrical Constants ) Tube constants:
crystal of crystal (UX-2014)
length =3.328 cm. Li= 3.656 A G-F cap.= 5.8 au
breadth =2.750 ¢ R,=9035.5 @ G-P ¢ =10.1 ¢
thickness =0.6361 “ Ci=  5.7551 upuf P-F ¢ =6.1 “
& Cy=0.03165 “ Amp. fact.= 8.5 ¢

Coupling coefficients:
Crystal between grid and plate, 72=1.0356 X 10-¢
Crystal between grid and filament, 72=3.1355 X 10~°

By | B Crystal B Crystal 8 Natural

= I R, — betweengrid | — betweengrid | — frequencies

Ba ’ Be and plate B, and filament | 8, undamped
0.94 47000 1.0000121 , = 1.0000035
0.96 72500 1.0000122 ! = 1.0000060
0.98 144000 1.0000143 | 5 1.0000120
0.99 260000 1.0000262 - 1.0000251
0.995 370000 | 1.0000540 — 1.0000523
1.005 455000 | _ 0.999847 .999846
1.01 394000 ] — 0.999922 0.999921
1.02 238000 | — 0.999963 0.999939
1.04 126000 ( — 0.999986 0.999979
1.06 | 87000 — | 0.999996 | 0.999986

In this table, the column marked R, gives the effective
resistance of the tube for stable oscillations, that is, the value
for which one of the damping factors of the driven coupled circuit

AvuTHOR’s Nore:—In computing the equivalent electrical constants
for the crystal the following unpublished formulas were used which were
reported by Cady to the executive committee of the American section
U. R. 8. 1. 1in 1926.

bl e

l
Li=130 = ¢,=0.40~  R,=130,000
b e bl

s bl
L.=130 & ¢,=0.0022 2%
bl e

Where I, b, e represent respectively the length, breadth, and thickness of
the quartz plate, measured in directions which are respectively normal to
the electric and optic axes, along the optic axis and along the electric
axis. L;and L. are the equivalent inductances for lengthwise and thickness
oscillations, respectively. The computations, the results of which are
given in Table I, were well under way when Van Dyke’s paper, loc. cit.,
appeared, and since the values given by the newer formulas differ from the
above by only a few per cent, it was deemed not worth while to repeat the
computations, as they are extremely laborious.
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is zero. It is to be noted that as resonance is approached from
either side, R, increases in magnitude corresponding to greater
amplitudes of oscillation. Before resonance is reached, however,
the condition for oscillation ceases to be satisfied by any value
of R,, no matter how great. The gradual increase in amplitude
of oscillation as the plate eireuit is brought into resonance and
the sudden break are well known experimentally. Attention
should be drawn to the fact that the coupling between the two
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Fig. 6—Variation of Driven Frequency with Plate Circuit Frequency.

circuits is considerably closer when the erystal is connected
between grid and filament than when between grid and plate,
which accounts for the larger amplitude of oscillation and greater
stability for this connection. The last column gives the computed
undamped frequencies for the system, using in each case the
appropriate coupling coefficient. The formula for computing
them is obtained by putting B;=R;=0, and R,= in (34) or
(44), which become identical under these conditions. In carrying
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out these computations, it is found that with the above circuit
constants for ratios of B8;/8. less than unity, the condition for
oscillation can be satisfied only when the plus sign of (53) is
used, and for ratios greater than unity, with the minus sign only.

These results are shown in Fig. 6, in which the dash-dot curve
shows the frequency of the vacuum-tube-driven crystal-controlled
oscillator as a function of the relative frequency of the plate
circuit, while the dot-dot curve shows the natural frequencies
of the same system if it were without resistance. It is seen that
the effect of driving is to increase somewhat the frequency of the
system for both connections of the crystal, and that this effect
is greater the farther off resonance the circuits are. The experi-
mentally-measured frequencies are shown in the full-line cnrve.
It was found impossible to satisfy the condition for oseciliation
using the value of R; obtained by Van Dyke’s formula, even
though R, were as small as 0.3 ohm, the value used in the experi-
mental work. A series of calculations was carried through, using
successively smaller and smaller fractions of E,, and in the above
curves B; was put equal to one-tenth that given by Van Dyke’s
formula. It will be noted that the experimentally-measured
curves show a somewhat sharper resonance effect than the com-
puted ones, and if a still smaller value of R; had been used the
check would have been better. Because of the uncertainty in
the values of some of the other constants of the circuit, this can
hardly be considered a method for measuring the effective re-
sistance of a erystal, but it indicates that the values given by
Van Dyke’s formula are probably too large.

Inpucrance-Loapep CirRcUIT

Calculations for this case are not given since, as pointed out
above, this is a special case of the tuned plate circuit in which
C, is simply the capacitance between plate and filament of the
tube.

ResisTayce-Loapep CireulT
Introducing relative frequencies in (51) and (52), we have

Py
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Substituting the values for P;. . . .. P; of (38) and (48) in (53),
it was found that the condition for oscillation can be satisfied
only for the case of the crystal between grid and plate, and for
this the following results were computed for different values of
R, the load, or series plate resistance.

TABLE II
R g R
& - P
| Ba B

) 10000 1.00000536 | 6240
20000 1.00000503 | 6000

30000 | 1.00000036 5900

50000 1.00000048 ‘ 5750

100000 i B ~1.00000042 5700

In this case it is to be noted that the crystal is forced from
its natural frequency, at most, by only five parts in a million, and
that the variation in frequency is very much less than in the case
of the tuned circuit load. The values of R,, however, are rela-
tively small, indicating that the oscillations are weak, and the
fact that they decrease as R is increased indicates that the
oscillations become weaker as the load is increased.

ExPERIMENTAL CHECKS

To test the theory as given above, two crystal-controlled
oscillators of the various types there discussed were set up, each
having its own A and B battery supply, and appropriate pre-
cautions were taken to insure a minimum of interaction between
them. Each was loosely coupled to a third circuit containing a
rectifier and an audio-frequency amplifier. Connected to this
third circuit was an audio oscillator of continuously variable
frequency calibrated in terms of a series of standard tuning forks.
The crystals under test were ground in pairs so as to give audio-
frequency beats of 300 to 500 cycles between them. One crystal-
controlled oscillator was used to maintain a constant radio fre-
quency while the other was experimented upon. The beat fre-
quency between the crystals was then matched by the audio
oscillator. This double heterodyne arrangement is an exceedingly
sensitive method for studying problems invelving frequency
changes, since a variation of one cycle per second in either of the
radio-frequency circuits gives an audio-frequency beat. The
circuits under test were sufficiently stable to permit the audio-
frequency beats to be held constant to one beat in 10 seconds.
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The results for the tuned plate circuit case are shown by the
full-line curve of Fig. 6, reference to which has already been
made. For the resistance-loaded circuit the variations of fre-
quency with load resistance were so small as to be barely within
the limit of error of measurement, i.e., one or two parts per
million. This checks the results of Table II, where maximum
changes of only 5 parts per million were predicted. For standard-
ization purposes, where extreme accuracy is the objective, the
resistance-loaded eircuit is thus much to be preferred. However,
this circuit gives much weaker oscillations and will in general
require an extra stage of amplification. Moreover, a crystal must
be a very “good oscillator” to be used at all in this eircuit. Out
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Fig. 7—Variation of Driven Fx'e%\;enqy with Resistance of Tuned Plate
ircuit.

of some twenty crystals used in connection with this work, only

three would function with this arrangement.

An experimental study was made of the effect of varying the
resistance R, for the two cases of tuned plate circuit oscillators,
and the results are shown in Fig. 7, where the frequency of the
driven system is shown in terms of the uncoupled frequency of
the plate circuit. These results indicate that as R, is increased
the separation between coupled frequencies 1s increased and that
the sharpness of resonance is decreased. The range of plate
circuit frequency over which oscillations oceur is decreased by
increasing load.
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CONCLUSIONS

A quartz-crystal oscillator, when used to stabilize a vacuum-
tube-driven circuit, does not oscillate at a frequency determined
by its elastic and piezo-electric properties alone, but becomes part
of a coupled system, and the actual resultant frequency is in-
fluenced by the degree of coupling of the two systems and the
values of the constants of the entire circuit, including those of
the driving device in the case of continuous oscillations. In doubly
periodic vacuum-tube-driven circuits, one of the normal modes
of oscillation is excited when the crystal is connected between
grid and plate, and the other when connected between grid and
filament. Although the oscillations are more powerful when the
frequency of the plate circuit is close to that of the erystal, the
departures of the resultant frequency from the natural frequency
of the crystal are greater. For purposes of accurate frequency
standard maintenance, the resistance-loaded ecircuit is much to
be preferred, and when a crystal has been standardized it must
always be used in exactly the same circuit and under exactly the
same conditions as when the standardization was made. It is
desirable from this standpoint to preserve not merely the erystal,
but the entire circuit permanently assembled.

In conclusion, the author wishes to express his indebtedness
to the American Association for the Advancement of Science for
a grant for the purchase of equipment, to Dr. A. Hoyt Taylor
of the Naval Research Laboratory for a supply of accurately-
ground quartz plates, and to Mr. J. C. Cavender for carrying out
the experimental measurements.
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QUANTITATIVE METHODS USED IN TESTS OF BROAD-
CAST RECEIVING SETS*

By
A. F. Vax Dyck anp E. T. DickgEy

(Technical and Test Department, Radio Corporation of America, New York City)

Summary—The general classes of receiving set measurement used by the
authors are outlined as special engineering tests and production tests. The
apparatus and methods for both are described. A new form of radio-frequency
oscillator, designed for this work. is described. Shielded test booths used for
recetving-sei measurement work are described. The importance of care in
selecting the conditions of test used in making quantitalive measurements on a
recetving set is emphasized.

OST electrical quantities encountered in general elec-

trical engineering are readily measurable, so that its

practice has long been exact in measurements and tests
of electrical products. Dynamo-électric machinery and power
transformers, for example, have long been studied with the aid of
relatively simple meter equipment. Radio engineering practice
has not been so fortunate, except in transmitter equipment where
quantities are similar to those of general electrical practice. In
radio receiving set engineering, numerous obstacles to quantita-
tive measurement work were present which required the devel-
opment of new methods and new apparatus. These problems
were caused in the main by the fact that the electrical quantities
involved were so small that previously used meters and methods
were useless with them. Many of the voltages and currents to be
measured in receiving set practice are but millionth parts of
those met in general electrical practice.

As a result of this lack of means of measurement, receiving
set tests during the first twenty-five years or so of the radio art
were conducted in a necessarily crude, practical way, chiefly
by so-called “listening tests,” wherein the receiving set was
operated exactly as in actual service, and observations made by
ear. This usually required a comparison test which rated the
receiver under test in terms of some other receiver, the perfor-
mance of which was familiar through previous experience.
Most of the resulting data was far from having engineering

* Original Manuseript Received by the Institute, August 10, 1928.
Presented at meetings of the following Institute Sections: Connecticut
Valley, September 13, 1928; Rochester, September 14, 1928; Buffalo-

Niagara, September 17, 1928; Cleveland, September 18, 1928; Chicago,
September 19, 1928; Detroit, éeptember 20, 1928. .
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exactitude. Signals delivered were said to be “one hundred times
audibility,” a “half-stage audio better” than the standard receiv-
ing set, “audible two rooms away,” ete. Selectivity was “sharp as
a knife,” or even “razor-edge.”

Using such methods of test and criteria, it was necessary to
operate the receiving set in several locations having different
signal conditions, and to spend considerable time at each location,
in order to secure even approximate information on the perfor-
mance characteristics of the receiver. Results at best were
inexact and had little possibility of usefulness in predicting the
performance of the receiving set under other conditions.

Fig. 1—Audio-Frequeney Oscillator.

The ideal method of measurement would furnish such data
as will make it possible to predict the performance of the receiv-
ing set under any specified service conditions. Such methods are
now available for the measurement of sensitivity, selectivity, and
fidelity of receiving sets, and it is the object of this paper to
describe some of these methods. With these methods, a measure-
ment laboratory is able to apply to a receiving set a measured
input signal, and to measure the receiver output. In effect, the
laboratory is supplied with a transmitting station which will
transmit when desired, on any required carrier frequency, with
any desired power, and with music or single tone modulation of
fidelity equal to that of the best broadcast stations.
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In the year 1922, the authors began work to develop methods
and equipment for quantitative measurement of receiving set
performance. At that time considerable was known about audio-
amplifier measurements, and some work had been done by vari-
ous laboratories and individuals in the measurement of radio-
frequency amplifiers, but no effective method for measuring
overall performance of receiving sets had been developed. In
1924, the work was greatly furthered by the assistance of Dr.
Walter Van B. Roberts, and one system developed by him is
described later in this paper.

Fig. 2—IEngincering Test Radio-Frequency Oscillator.

Early in this work it was found, as would be expected, that
the determination of receiving set performance by measurement
of individual parts of the set (for example, the radio and audio
amplifiers) was impracticable. This was chiefly due to the fact
that results are usually different when reaetions between parts
are absent, as they are under measurement of parts individually.
Additional reasons arise from the facts that the electrical con-
stants of most receiving sets are changed seriously when con-
nections are made to internal parts, and that more time is re-
quired for measuring parts than is needed for a single over-all test.
Sometimes, measurement of individual parts is desirable or even
necessary, however, as when attempting to locate the cause of
inferior performance of a set, or when engaged in development
and design of a new set, in which cases segregation of the effects
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of the several parts is necessary. The methods of measurement
to be described are intended chiefly for determination of the
effectiveness of a complete receiving set, and are so arranged that
the test results can be used to predict how the set will perform
under any specified service conditions.

In order to obtain useful and dependable measurement results,
several important conditions must be met, namely:

1. The equipment must be built so as to be accurate, reliable,
and easy to operate.
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Fig. 3—Circuit of Engineering Test R. F. Oscillator.

2. Test conditions must represent service reception con-
ditions, and no conditions can be present which cause
erroneous results or conclusions.

3. The method of test should be suited to the use to which
the results are to be put.

The authors have found that two types of measurement
equipment are required to meet radio engineering needs. One
is that used in engineering laboratories, in connection with devel-
opment, design, or investigation of receiving set problems. The
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other is that used as a final factory produciion test, and applied
to large numbers of sets. In the latter equipment, accuracy can be
sacrificed to some extent, but in its place must be substituted
greater simplicity of adjustment and operation, and increased
ruggedness of construction. Reliability must be had in both
classes of equipment to a maximum degree. On account of the
difference between the equipments used for the two purposes,
they will be discussed separately, and the test conditions which
are of importance in connection with each will be discussed
following the description of the apparatus in each case.
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Fig. 4—Overall A, F. Characteristics of Engineering Test R. F. Oscillator.

ENGINEERING TEST EQUIPMENT

Audio-Frequency Oscillator. The source of audio-frequency
voltage which we have found most satisfactory is a beat frequency
vacuum-tube oscillator, employing the difference frequency
between two radio-frequency oscillators. Such an oscillator is
shown in Fig. 1. By combining and rectifying the radio fre-
quencies, and then amplifying the resultant difference frequency,
it is possible to obtain from the oscillator shown in this figure
audio-frequency voltages of the order of 50 volts. The wave
shape of the oscillations does not contain more than 1 or 2
per cent of harmonics even at the lowest frequencies, and the
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output potential will remain effectively constant over the fre-
quency range of approximately 30 to 10,000 cycles per second,
without readjustment.

The output voltage from this oscillator is sufficient to apply
the necessary potential directly to the grids of the modulator
tubes of the r.f. oscillator, without requiring any intervening
amplification. In front of the oscillator in Fig. 1 will be seen the
automatic curve drawing mechanism used for taking fidelity
characteristics. The construction and use of this mechanism has
already been described in these PROCEEDINGS.!

Radio-Frequency Oscillator. Two radio-frequency oscillators
have been used in our engineering test work. One has already

Fig. 5—Back of R. F. Oscillator Showing Separate Shielded Compartments.

been described in a paper by Messrs. Rodwin and Smith of this
laboratory. This oscillator is an excellent device and is capable
of wide usefulness in test work. Those desiring to obtain the
details of its design are referred to the above paper,? which also
contains information on methods of oscillator calibration.
Another r.f. oscillator has been recently completed, and is
shown in Fig. 2. This oscillator embodies certain changes in
construction as well as sonie new design features, which give im-
proved operation. It uses two UX-171-A tubes connected in
parallel as modulators, two UX-226 tubes in parallel as oscillators,
and two UX-210 tubes connected in push-pull arrangement as r.f

1 E.T. Dickey, ?Notes on the Testing of Audio-Frequency Amplifiers,”
Proc. I.LR.E,, 15, 687; Aug. 1927.

2 George Rodwin and Theodore A . Smith, “Radio-Frequency Osecillator
for Receiver Investigations,” Proc. I.R.E, 16, 155; Feb. 1928.
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amplifiers. The modulator and oscillator tube filament currents
are supplied from a storage battery. The amplifier tube filarments
are supplied with alternating current at the proper voltage. The
modulator and amplifier tubes receive their plate supply from a
heavy duty “eliminator” operated. from a.c., with its output
carefully filtered. The oscillator tubes receive their plate supply
from a bank of storage cells.

The r.f. range of the oscillator is 525 to 1525 ke. Slightly
more than the broadcast range is provided for convenience.

It is desirable that the oscillator frequency shall not be
appreciably affected by changes in the power supplied to the out-
put circuit. By careful neutralization of the r.f. amplifier circuit,

Pig. 6—Top of R. F. Oscillator Showing Oseillator and Amplifier
Compartments with Shield Covers Removed.

the effect of variation (from maximum to minimum output) on
the frequency of the oscillator is reduced to approximately
0.01 per cent at the high-frequency end of the range, and is
lower than this at the opposite end. This amounts to no more
than 150 cycles variation.

The circuit for the oscillator is shown in its essential features
in Fig. 3. It will be noted that grid resistors are used in series
with the grids of the oscillator tubes. These are necessary to avoid
parasitic oscillations. The size of the oscillator grid condenser 1s
quite -critical if the best audio-frequency characteristic is to be
obtained. In order to prevent excessive dropping of the audio-
frequency characteristic at the high-frequency end of the audio
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PFig. 7—View of Condenser Worm Drive and Current Transformer,
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range, it is necessary to insert resistance in series with the
oscillator circuit. The characteristics of the oscillator with
regard to the audio-frequency modulation of the r.f. output and
taken with constant input a.f. voltage, are shown in Fig. 4, for
three frequencies in the broadecast range. It will be seen that a
compromise has been reached at the high audio frequencies be-
tween the characteristic at 600 ke and that at 1400 ke. When the
a.f. characteristics of most receiving sets are considered, it is
evident that these variations in the r.f. oscillator characteristic
can be neglected in practically all cases.
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Fig. 8—Enginecring Test Output Meter Circuit.

Modulation is obtained by introducing audio-frequency
voltage in series with the plate-supply voltage of the oscillator
tubes. This arrangement has been found to give quite satis-
factory results, and it appears to have advantages over the
constant current system for test oscillator use. The same a.f.
voltage will produce equal percentage modulation at all radio
frequencies. By properly connecting the primary and secondary
of the modulation transformer, it is possible to make the plate
current -of the modulator tubes counteract the magnetizing
effect of the oscillator tube plate current, thus avoiding any
tendency toward core saturation due to direct current. This
permits the use of a transformer having very low leakage reac-
tance which is of considerable aid in obtaining a good audio-
frequency characteristic for the modulation system.
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Separate shielded compartments for the component parts,
together with a complete shield surrounding the entire oscillator,
have been provided as shown in Figs. 5 and 6. The compartment
shields have been left “floating,” i.e., ungrounded. This double
shielding, together with the use of astatic wound coils in parts of
the circuit carrying large r.f. currents, reduces the direct radiation
from the oscillator to a minimum. The apparatus enclosed in each
shielded compartment is shown roughly by the dotted lines in
Fig. 3. It will be noted that the filter system in the secondary of
the modulation transformer is inside of the oscillator compart-

M.A

5 AMP FILTERS o AF
\ ~ osciLLAaTOR. oscic.

|

RECEPTACLE ,
AC. . or D.C.

PACKING
GLAND

O GND. ANT. |
REC. SET |
110 V. - LINE, =

2
OUTPUT CIRCUIT AN
TUBE VOLTMETER

SHIELDED TEST BOOTH

Fig. 9—Apparatus Arrangement in Test Booth.

Note: All leads Between filters and switch and line boxes are carefully
shielded and shielding connected to ground.

ment shield. This effectively prevents the possibility of radio-
frequency current getting back into the modulator system, or out
to the modulation voltage measuring meter.

The coupling between the oscillator inductor and the inductor
feeding the r.f. amplifier tubes is fixed. The resistor and con-
denser shunted across the secondary winding have their values so
chosen that the amplitude of the radio-frequency oscillations is
maintained practically constant throughout the broadecast range.
The values of resistance and capacitance used are, of course,
dependent on the coupling between the primary and secondary
windings.
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The plate-circuit coils of the r.f. amplifier system are wound
astatically, and variable coupling is obtained between them and
the output circuit by means of a second pair of movable astatic
coils. An electro-static shield is provided between the two sets of
coils to permit zero coupling to be obtained. The output circuit is
tuned to the oscillator frequency in order to reduce harmonics in
the output current. The use of two r.f. amplifier tubes connected
in push-pull also assists in this reduction. The output and meter
resistance make this circuit sufficiently broad so that it does not
have any material effect in cutting side bands.

Fig. 10—Interior of Engincering Test Booth.

The oscillator variable condenser and the main variable con-
denser of the output circuit are directly connected to the same
shaft. The large worm gear drive used for these condensers is
shown in Figs. 6 and 7. This is especially designed to avoid back
lash, and permits very accurate frequency calibration of the
frequency adjustment dial. The main tuning variable condensers
are of the straight line frequency type. This permits the vernier
dial, which is attached to the worm drive, to be calibrated in
divisions representing a small number of kiloeycles, for use in
taking selectivity characteristics. With the worm gear and this
vernier dial, it is possible to detune the oscillator in steps of 2
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ke either side of a test frequency, with a maximum possible
error with respect to the test frequency of not more than 300
cycles, at any point up to 100 ke, from the test frequency. The
worm drive permits variation of frequency as far as desired, of
course, but selectivity curves are generally not taken beyond
100 ke, either side of resonance.

A high accuracy of oscillator frequency is assured by the use
of relatively low inductance and high capacitance in the oscillator
circuit. This tends to minimize the effect on the frequency, of
variations in filament and plate voltage, as well as the changing of
tube characteristics over a long period of time.
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Fig. 11-—TInput Circuit for A. ¥. Amplifier Tests.

In Fig. 7 the current transformer will be seen below the con-
denser gear. This transformer is similar in general to that des-
cribed in the previously mentioned paper by Messrs. Rodwin and
Smith. The use of an electro-static shield between the primary
and secondary windings, together with a “figure 8” winding for
the secondary, has resulted in producing a transformer having an
accuracy of not less than 97 per cent at any point of the broad-
cast range. This transformer is designed with an elaborate
switching arrangement which provides six ranges from 50:1
to 1:50. With this transformer, a 20-milliampere thermal meter
can be used to measure accurately output currents as low as 80
microamperes, and as high as the full output of the oscillator. The
full output of the oscillator at 600 ke is approximately 80 milli-
amperes with 10-ohm output circuit, and at 1500 ke the maximum
output is approximately 200 milliamperes. .
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Simplicity of operation has been retained to the greatest
possible extent in this device to permit the taking of test data
easily and quickly. Complete metering of all d.c. circuits is
provided by meters on the front panel. The thermal meters for
measuring the a.f. modulation voltage and the r.f. output current
are connected externally, and are usually located on the table
directly in front of the oscillator.

Transfer Circuit. For testing receiving sets designed for opera-
tion with antenna and ground connections, resistance type
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attenuators are used between the r.f. oscillator and the artificial
antenna circuit. In order to cover accurately a wide range of
voltages, two attenuators are used. One attenuator has an
attenuation range of from 0.01 to 0.95 in seven steps, and an
output resistance of 1 ohm. The second attenuator has a range
of from 0.1 to 9.0 and an output resistance of 10 ohms. Using
these attenuators in connection with the above described os-
cillator, it is possible to impress (in series with the artificial
antenna circuit) voltages of from 0.8 microvolts up to 0.7 volts.
This range is sufficient for all but very exceptional test require-
ments.

For receiving sets arranged for loop operation, the output of
the r.f. oscillator is connected to a small coil of known dimen-
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sions, and the loop of the receiving set is placed in the radio-
frequency field of this coil. A single-turn coil approximately 2
inches in diameter is used for small field strengths, and a 4-turn
coil approximately 8 inches in diameter for greater field strengths.
The field strength at the receiving loop is then calculated from the
dimensions of the transmitting coil, the current through it, and
the distance between it and the receiving set loop.

Output Meter. A vacuum-tubé voltmeter having two ranges
(04 and 0-30 volts) is used to measure the voltage across the
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output resistance of the receiving set under test. Fig. 8 shows the
circuit of the vacuum-tube voltmeter, together with the choke and
condenser arrangement used in the receiving set output circuit
when the latter has d.c. in its output circuit. The choke and
condenser can, of course, be eliminated if there is no d.c. in the
output circuit. The value of the resistor R, is made equal to the
plate resistance of the output tube. Across the output of the
recelving set is connected a high impedance loudspeaker, in series
with a 100,000-ohm resistor. This combination has no appre-
ciable effect upon the output voltage, and serves to give a weak
monitoring signal. This enables the tester to have an audible
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indication of proper performance during the test. It is very useful
in checking undesired test conditions, such as oscillation in the
receiving set, beat-note whistles between the r.f. oscillator and a
powerful local broadcasting station, etc. If such a monitering
arrangement is not used, effects such as those mentioned above
may be present and give erroneous test measurements, without
the tester being aware of their presence.

The ranges provided by this tube voltmeter are sufficient for
any of the usual measurements on receiving sets. If it is desired to
measure voltages either above or below the useful range of this
meter, a resistance divider or amplifier can be used at the input
of the tube voltmeter to increase its range. This tube voltmeter
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Fig. 14—Produetion Test R. F. Oscillator Theoretical Circuit.

has been found to be quite accurate and reliable, retaining its
calibration within approximately 1 per cent over long periods of
time. It is considerably more rugged than a thermo-couple
instrument, since it is so designed that burnout of the plate
meter is practically impossible. Compared against a thermo-
couple meter on a.c. voltages of bad wave shape, this tube
voltmeter has an error no greater than plus or minus approxi-
mately 4 per cent, even with voltages having a total harmenic
content of as much as 40 per cent. A zero reading of 10 micro-
amperes is maintained in the plate meter by adjustment of the
potentiometer. Once adjusted it will hold this zero setting for a
considerable time. Those interested in obtaining further data on
this tube voltmeter are referred to the previously mentioned
article on a.f. amplifier testing.
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EnGINEERING TEST CONDITIONS

Test Booth. It is important that the receiver under test be
removed from the influence of extraneous effects such as power-
line induction, atmospherics, stray pickup from local broadeast-
ing stations, etc. The most effective way of accomplishing this is
to place the receiving set on the inside of a well shielded booth.
The r.f. and a.f. oscillators are situated on the outside of the
booth. The general arrangement is shown diagrammatically in
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Fig. 15—Production Test R. F. Oscillator Frequency Doubling Action.

Fig. 9. The booth used for engineering tests at this laboratory
has copper sheeting on the floor and parts of the sides. The
top, front, and remainder of the sides are covered with copper
screening. All the joints are lapped and well soldered. The
copper screening was given a tinning coat before being erected
to insure good electrical connection of the strands at each cross-
over in the mesh. Metal weather stripping was used all around
the door, and “refrigerator” type door clamps were used to
secure sufficient pressure on the weather stripping to insure tight
electrical contact when the door is closed.
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Fig. 10 shows an interior view of one corner of the test baoth.
In this view at the right will be seen the door clamps, at the left
the resistance attenuators and artificial antenna circuit, and at
the end of the test table the output meter.

As will be seen from Fig. 9, the leads supplying alternating
current to the inside of the booth are run through a system of
filter circuits before entering the booth. The purpose of these is
to prevent transmission of radio signals, line interference, otc.,
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Fig. 16—Production Test R. F. Oscillator Circuit.

to the receiving set over these wires. Lighting lamps and their
wires are kept outside the screen, so that induction from them
may be avoided.

The position of the antenna, ground, and output ecircuit
wires with respect to the receiving set is important. There is no
general rule governing the position of these leads in actual use of
the receiving set, of course, but it is best during test so to place
these leads that they have a minimum effect upon the measure-
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ments. In general this involves avoidance of an arrangement
which causes any of these leads to run close to the receiver for any
considerable distance, and the simplest arrangement is generally
to run the leads away from the receiving set in a dlI‘OCthn per-
pendicular to the side from which they emerge.

Test Procedure. The test procedure used at this laboratory for
taking measurements on receiving sets is the same as that
outlined in the recently published Preliminary Draft of Report
of the Committee on Standardization of the I.R.E. for 1928.
Since this draft is available, no discussion on this subject will be
given in this paper.

Fig, 17—Production Test R. F. Oscillator.

A. F. Amplifier Characteristics. It is generally desirable to
take a fidelity characteristic of the a.f. amplifier system in a
receiving set, to obtain information needed to analyze the overall
fidelity characteristic in case features of this characteristic require
study or correction. Segregation of the a.f. amplifier is usually
sufficient. The general methods of test used at this laboratory
have already been described in these ProcEEDINGS in the paper
on a.f. amplifier testing mentioned previously. A circuit which
has been found to be very convenient for plugging into a detector
tube socket is shown in Fig. 11. This circuit is arranged to
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maintain the proper direct current through the primary of the
a.f. transformer, using the normal B supply of the receiving set.
At the same time it provides the proper resistance in series with
this transformer, to simulate the plate resistance of the detector
tube. Referring to Iig. 11, R+ R, is made equal to the plate
resistance of the detector tube. R;is adjusted to the proper value
to give normal direct current through the transformer primary
winding. Rj; and the d.c. meter are shunted with a 10-microfarad
condenser so that they do not introduce appreciable impedance
in the circuit for the a.f. voltage. R.is usually quite small with
respect to Ri. R, is not absolutely essential, but where R, is
small, it is desirable to have a somewhat higher resistance in the
output circuit of the a.f. oscillator to prevent wave-form distor-
tion. I should be roughly equal to twice the plate resistance of
the a.f. oscillator output tube.

General. In order to get complete data on a receiving set, it is
necessary to test other functions which are not covered by the
usual standard tests. A receiving set designed for power-supply
operation must be tested to determine whether the proper
voltages are being supplied to the various vacuum-tube circuits.
A careful mechanical examination is also necessary, not only to
locate possible faulty construction, but to determine accessibility
of parts. This latter is important from the point of view of ease of
servicing in the field.

There are numerous detailed points which must be investi-
gated, but since the points needing test differ in each receiving set,
it is impossible to set down any general rules. The experience
of the test man must be called into use in determining the im-
portant special features for test.

Interpretation of Measurements. After measurements have
been made and the graphs drawn, the interpretation of the
results can be made and conelusions drawn as to the performance
of the receiving set. This often requires considerable experience
on the part of the engineer. The only way to acquire such experi-
ence is to make measurements on a number of receiving sets of
various capabilities, and then to compare the data obtained with
the degree of practical success which these receiving sets have had
under broadcasting conditions in various locations. The relations
between electrical measurement data and practical operating
results are clearly evident after several comparisons of this sort.
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It is important that the tester should realize the necessity of
having all the conditions of test such that no anomalous condi-
tions shall be introduced. A forcible example of the effect of such
a condition is shown in the fidelity curves of Fig. 12. The solid
curve shows the fidelity characteristic of a certain a.f. amplifier
under normal conditions. The dashed curve shows the same
amplifier with all conditions identical, except that high resistance
B batteries were used. Space does not permit of further ex-
amples of this sort, but frequent cases of this kind are found
during tests on receiving sets, and it is important that the tester
be sufficiently skilled to recognize and avoid such unreliable test

Fig. 18—Rectifier and Meter of R. F. Oscillator.

conditions or results. One of the safest methods is to check
results by some other method whenever an apparently illogical
result is obtained. In this connection, the necessity for standard-
ization in test circuit constants is well illustrated in the graphs
of Fig. 13. Here the difference between the two fidelity charac-
teristics is caused merely by a change from a pure resistance
output load to a loudspeaker output load.

Propucrion TesT EQUIPMENT
As stated previously, the measurement equipment used for
the test of receiving sets in large quantities may be simplified
in many respects from that used in special engineering tests.
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Ruggedness and simplicity of operation are more important,
and high accuracy of measurement is less important, than in
special engineering tests.

Audio-Frequency Source. For the sensitivity test, a “hummer”
signal is used to modulate the r.f. oscillator. For fidelity test, the
r.f. oscillator is modulated' with phonograph music, and the
fidelity is judged by ear, using a standard loudspeaker of a type
intended for use with the receiving set under test. The phono-
graph records for this test are selected with the idea of showing
the low- and high-frequency response of the receiving set circuit.
An electric pickup is used on the record, and the voltage from it is
used to modulate the r.f. oscillator.

Radio-Frequency Oscillator. In the early part of 1926, Dr.
Walter Van B. Roberts developed a radio-frequency oscillator
circuit which is particularly well adapted to production test work.
It has outstanding characteristics of simplicity of construction
and operation, minimum necessary shielding, ruggedness of out-
put measuring device, and reliability of operation. The theory on
which the functioning of this oscillator is based is briefly described
below.

The oscillator is divided into two main portions. One portion
consists of oscillator and modulator circuits, and the second
portion consists of coupling means for varying the output, a
double-wave rectification system, and a d.c. microammeter for
measuring the output. The r.f. oscillator operates at a frequency
one-half that of the desired broadcast frequency. Tig. 14 shows
the basic circuit arrangement. Circuit I is tuned to the funda-
mental of the r.f. oscillator in order to eliminate the second har-
monic of the oscillator from the rectifier circuit. Circuit II con-
sists of two rectifier tubes giving full-wave rectification. Referring
to Fig. 15, the action of the rectifiers on the oscillator fundamen-
tal frequency will be seen. At A is shown the output of the r.f.
oscillator, which is assumed to be sinusoidal after it has passed
through tuned circuit I. If the double-wave rectifiers worked on a
linear rectification principle, the resultant wave form in the
rectifier circuit would be as shown at Bin Fig. 15. However, if
the rectifier tubes are worked sufficiently far down on their
characteristic curves, they will give practically square law rectifi-
cation. Therefore the rectified wave will look approximately as
shown at C. Two interesting facts will be noted with regard
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to this rectified current. First, it is of double the frequency of the
oscillator fundamental; second, it is a sine wave whose axis
represents the value of the d.c. component of the rectified current
which will be measured by a d.c. meter in series with the recti-
fiers. This direct current is equal in value to the peak value of the
a.c. component of the rectified current. Thus it is possible to
measure the a.c. output of this oscillator system by means of a
d.c. meter. The advantages of such a system are too obvious
to need comment. The only requirements affecting equality of
the direct current and a.c. peak values are: (1) That the recti-
fiers be so adjusted that with no impressed a.c. voltage the
current is zero, but that the slightest impressed voltage will cause
a current to flow; (2) That the rectified currents be sufficiently
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Fig. 19—Production Test Output Meter Cireuit.

small so that the rectifier tubes obey a square law; and (3) That
the currents due to the second harmonic of the oscillator are
reduced to a negligible value in the rectifier circuit. Those desir-
ing further information regarding the theory of this oscillator
system are referred to a paper which has been published de-
scribing it.?

The complete circuit of this oscillator is shown in Fig.16.
The Heising system of modulation is used in the oscillator. It is
necessary to usc separate filament supply for the oscillator and
rectifier tubes. All r.f. coil systems are astatically wound.

Fig. 17 shows a photograph of the complete oscillator, to-
gether with the phonograph system for phonograph modulation.

3 Walter Van B. Roberts, “A Method for Generating and Measuring
Very Weak Radio-Frequency Currents,” Journal of the Franklin Insti-
tute, March, 1926.
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The oscillator and modulator circuit is contained in the sloping
panel metal box on the left of the table, and the coupler and
rectifier system is at the right. The coupling coil shown at the
right of the oscillator table is used in testing loop receiving sets.
Tig. 18 shows a closer view of the coupler unit, and of the recti-
fier and output meter system. The intermediate tuned circuit is
controlled by means of a condenser in the coupler shielded com-
partment. The fact that a very high degree of shielding is not
necessary is illustrated by the large openings provided in the
sloping panel shield, for the condenser and coupling drmms
shown in Fig. 18.

Transfer Circust. For tests on receiving sets using antenna
and ground connections, a mutual inductance coupler attenuator
is used between the oscillator output and the artificial antenna
system. In testing loop receivers, a signal generating coil is
connected to the output of the oscillator, as in the case of the
engineering test procedure described previously.

Output Circuit. In order to make the Production Test output
meter as rugged as-possible, it is desirable to have it consist of a
rectifier tube and a d.c. milliammeter. Since such a circuit offers
a definite load to the circuit across which it is econnected, it is
made part of the load resistance. By proper selection of series
and shunt resistors it is possible to produce a circuit which has
the proper load characteristics for either a 2000-ohm or a 5000-
ohm output tube. Such a circuit is shown in Fig. 19. By throwing
the double-pole switch to position 4, the circuit simulates a 2000-
ohm load, and in position B a 5000-ohm load. In either position,
normal output (50 milli-watts) is given by a reading of 1 milli-
ampere on the d.c. meter.

As in the case of special engineering tests, a monitoring loud-
speaker is provided. By throwing the single-pole switch down-
ward, the loudspeaker is connected directly across the receiving
set output for the fidelity listening test.

PropuctioN TesT CONDITIONS

Test Booth. With open antenna-type receiving sets it is not
necessary to use a shielded booth when using the Roberts os-
cillator, unless the receiving set has very high sensitivity. For.
loop antenna or highly sensitive open antenna recelving sets,
however, a booth is needed. The test booth used for production
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test work at this laboratory is shown in Fig. 20. The output meter
panel can be seen in the right-hand corner of the booth, through
the open door. The heavy construction of the door, together
with the weather stripping around the door, can also be seen.
The upper half of this booth is enclosed with wire mesh. The
oscillator is located in the center of the booth. This permits
measurement work to be done at one end of the booth while a
receiving set is being removed from the other end, and a new
set put in and connected up. This arrangement is a considerable
aid in speeding up the test work, and makes it possible to use the
oscillator more efficiently.

Fig. 20—Production Test Booth.

CoNCLUSION

It is the belief of the authors that the day is not far distant
when it will be possible for radio engineers to use one universally
comprehensible language in speaking of receiving set measure-
ment and performance. It is hoped that this description of test
equipment and methods may be of assistance in this direction.
In a recent test of the methods, measurements were made on a
certain recciving set by four different laboratories, at different
times, with results which checked within 25 per cent. Of this
error, it has been established that about 10 per cent was due to
changes in the characteristics of the receiving set itself, as it was
moved from one laboratory to another. This check is the more
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noteworthy when it is considered that the detail parts of the test
equipments in the various laboratories differed in many respects.

The authors wish to acknowledge the assistance which has
been rendered by Messrs. Bonanno, Howard, and Whitehead of
this laboratory in the design of the test equipment described.
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VACUUM-TUBE PRODUCTION TESTS*

By
A.F. Vaxn Dyck anp F. H. ENGEL
(Technical and Test Department, Radio Corporation of America, New York City)
Sum mary—General description is given of the methods and apparatus
employed by the authors in the testing of vacuum tubes in large quantities.
Y VERY manufacturer is confronted with the problem of
I“ determining and controlling the quality of his product.
When the number of units produced is small and the
product is simple in nature, the problem is relatively simple;
when mass production methods are employed on a product of
complex nature, and the number of units produced is in the
millions, production testing involves difficult problems.

Fig. 1—Receiving Room. Unpacking and Initial Inspection.

Vacuum-tube production has increased rapidly from a total
of a few thousands per year, ten years ago, to a yearly production
which runs into the millions. The increased demand has made
possible the introduction of automatic machinery in many of
the manufacturing processes, with the result that vacuum tubes
of high quality and uniform characteristics may be had today
In any quantity at a fraction of their cost several years ago.

* Original Manuseript Received by the Institute, August 25, 192S.
Presented at meetings of the following Institute Sections: Connecticut
Valley, September 13, 1928; Rochester, September 14, 1928; Buffalo-
Niagara, September 17, 1928; Cleveland, September 18, 1928; Chicago,
September 19, 1928; Detroit, September 20, 1928.
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In the early days of radio broadcasting the uniformity of the
electrical characteristics of vacuum tubes available on the market
was relatively unimportant because the circuit requirements were
simple and provisions were made in the sets for adjustment of the
tube operating conditions. An experienced, skillful operator was
able to obtain maximum efficiency in the operation of his set by
adjustment of the controls.

Present day multi-tube, single control receivers would be
impossible without vacuum tubes having definite, uniform elec-
trical and performance characteristics. Modern circuits with

RADIO CORPORATION of AMERICA TECHNICAL snd TEST DEPARTMENT
RADIOTRON TEST RECORD No,
™PE. WAREHOUSE -
LOT Ne.. FACTORYo . —
Tabe [ I T 8, [ opu le | C Emission, [, M. A, Mech| Coron
No. [M.A. [M.A. | tod. Fos Ta] O P - 4 L 2 p. | No.

1l

AVG)

L e ) R, G I, measured at E,=____Volts, Ey=__ Volts, Ei=___Volts.
I, measured at 1, ___MA, E,=__Vols, E,~__ Vohs.

Fig. 2—Measurement Record Card

their high degree of selectivity, sensitivity, and fidelity, are eritic-
ally designed and balanced for use with certain types of tubes
of known characteristics. Departure of these characteristics
of the tubes from the established values results in inferior per-
formance, and in extreme cases, in complete failure of the set.
The satisfaction given by a modern receiving set is definitely
.dependent upon the degree of uniformity of the characteristics of
the tubes employed in the set. This being the case, the im-
portance of maintaining the uniformity and dependability of
vacuum tubes is readily appreciated.
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In this paper will be given a general survey of the methods
and equipment employed by the Radio Corporation of America
in the testing of Radiotrons. The complexity of the equipment
and the large number of highly specialized test circuits em-
ployed preclude their detailed description at this time. The
circuits employed are generally known, and the special forms
in which they are used in these tests are determined by practical
considerations such as ease of operation, and labor and time
saving qualities.

.

Fig. 3—Typical Gauges Used in Mechanical Inspection.

The vacuum-tube production test methods employed by the
Radio Corporation of America may be divided for convenient
discussion, into four operations which are listed in the order of
their execution.

1. Sampling the product.

2. Initial Inspection.

3. Measurement of initial electrical characteristics.
4. Life Testing.

These operations will be discussed individually.

SAMPLING THE ProbUCT

Great care is necessary in the selection of test samples to
insure that the samples selected truly represent the quality of
the entire lot of tubes from which they have been selected. The
number of tubes selected should not be too small, yet an unneces-
sarily large number of samples should not be taken for economic
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reasons. In general, the larger the number of tubes under con-
sideration the smaller the percentage of samples can be. For
example, one tube is not safely representative of a group of 100
tubes if 100 is the total number under consideration, whereas
one tube might safely be considered representative of 100 tubes
where the total being considered runs into the thousands. The

Fig. 4—Drop-Test Apparatus

percentage of tubes selected for test samples also depends upon
the type of tube under consideration and its previous production
history.

Sampling of the product is done at the factories, the in-
.spector on duty selecting the finished product at the packing
station according to a schedule determined by the rate of pro-
duction and type of tube. These samples are carefully marked
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with date of manufacture and other essential information and
are forwarded to the testing laboratory.

Samples for test purposes are also taken at intervals from
the warehouses to check the results of tests made on samples se-
lected at the factories.

Fig. 5~—Universal Test Bridge

INITIAL INSPECTION

Initial inspection of the samples is made at the time the tubes
are unpacked at the testing laboratory. Each sample (including ,
carton, wrapper and instruction sheet) is carefully inspected for
appearance and mechanical condition. The tubes are labeled with
serial number, factory number, and date of manufacture. Fig. 1
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For certain tests in the mechanical inspection work, special
gauges have been provided which make easy the detection of
mechanical faults. In Fig. 3 are shown several gauges used in
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this work. The device on the left is used for determining whether
or not excessive solder is on the contact pins; the device on the
right is used in measuring the degree of eccentricity of the tube

bulb with respect to its base.
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Mechaniecal strength of the product is checked by subjecting
the samples to standardized “drop” and “bump” tests. In the
“drop” test the tubes are dropped from various heights, and in

FUBE UNDER TesT RM.S, TVBE VOLTMETER

% e
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e e
Hilib—s 4-|-1J o : - 1

Fig. 9—Universal Test Set. Schematic Diagram.

various positions relative to the base of the test machine. In
the “bump” tests the tubes are made the “bob” of a pendulum
and allowed to strike a surface after having traveled through a

Fig. 10—Universal A.C. Test Set,

given degree of arc. These tests may be made with or without
operating voltages applied to the tubes. Other tests of mechanical
strength are made periodiecally by actual shipment of samples
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about the country under various conditions of packing. One
type of drop testing apparatus is shown in Fig. 4.

IntT1AL ELECTRICAL CHARACTERISTICS

After being inspected for appearance and mechanical con-
dition, each sample is tested for initial electrical characteristics.

’F.‘

Fig. 11-—Characteristic Measurement Laboratory.

The following characteristics are measured, although not every
characteristic listed is tested for in every type tube.
Filament current at rated voltage.

Plate current.

Amplification factor.

Plate resistance.

Mutual conductance.

Electron emission.

Inter-element (stem) leakage.

Gas content (degree of vacuum).

Input impedance.

Grid emission.

. Back emission.

(2 He9 R ED (B8 1 CB) =

o o
- O
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12. A.C. test (dynamie).
13. Inter-electrode capacitance.
14. Receiving set performance.

The first ten characteristics listed above are measured with
the apparatus shown in Fig. 5. This device is a universal test
equipment which, by means of switches, may readily be changed
from one circuit condition to another to meet the requirements
of the particular test desired. A wiring diagram of this bridge
is shown in Fig. 6. One model of this bridge which has been
recently developed is automatically adjusted to any desired

Fig. 12—Power House—Exterior View.

test position by means of buttons controlling an automatic
selector switch. Much time is saved for the operator by the
bridge eonstruction, since twenty types of tubes are tested in this
bridge and each tube has its own peculiar test circuit require-
ments.

Figs. 7 and 8 give some of the more generally used test
positions which it is possible to obtain on this bridge. The
circuits shown are the ones generally used, and are conventional
in design.

The a.c. test listed above is not generally known and deserves
special comment. A circuit diagram of the device i 1s shown in
Fig. 9, and an external view is shown in Fig. 10.
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The a.c. test is a “dynamic” test, i.e., it measures the overall
amplification of a tube under conditions approximating those
of service. A definite signal voltage (a.c.) is applied to the input
circuit of the tube, and the resulting output signal voltage is
measured in the plate or output circuit. The set is flexible and
it may be readily changed to test any type of tube by simply

Fig. 13—Power House—High Tension Vault.

inserting the proper potential dividers and load impedances in
the jacks provided for that purpose. Much work has been done
on the correlation of the indications of this bridge and the actual
receiving set performance of tubes, and values have been obtained
for the a.c. test for many types of tubes which represent perfor-
mance limits. In other words, it is possible to prediet the behavior



Van Dyck ard Engel: Vacuum-Tube Production Tests 1543

of a tube in a receiving set if its a.c¢. test reading is known. This
test is gradually being adopted for all three-electrode tubes as a,
criterion for the end of useful life during life tests.

In making measurements of the electrical characteristics
of tubes, great care in the selection of circuits employed is very
important, as are also the construction of the apparatus, cali-
bration of meters, and accuracy with which the readings are
taken. Minor details which may seem insignificant, are quite
often the cause of serious errors in measurement and inability
to check results. A general view of the measurement room is
shown in Fig. 11.

Fig. 14—Power House—Low Tension Vault.

Lire TEsTING
The life quality of vacuum tubes is a very important charac-
teristic and it is also, perhaps, the most difficult one to determine
accurately. Absolute control of every factor affecting life per-
formanece is essential for accurate results, because apparently
insignificant details of the test apparatus or method may have
enormous influence on the test results.!

! W. C. White, “Life Testing of Tungsten Filament Triodes” Proc.
I.R.E., 13, 625; October, 1925.



1544 Van Dyck and Engel: Vacwum-Tube Production T'ests

The test equipment deseribed represents the accumulated
knowledge gained from testing thousands of tubes during the
past few years. Every precaution is taken to insure the reliability
of the results obtained. The tests are operated continuously

Fig. 15—Motor-Generators for D.C. Power Supply.

throughout the year so that judgments of life quality of any type
of tube are not restricted to the results of a few tests but may be
based on a large number of tests made on samples representative
of the entire production.

=
—_—

S TO LIFE TESY
EQUIPMENT

gy 1.1 I
Fig. 16—Motor-Generator Filter Circuits.

Power SurpLy

The power used in life testing Radiotrons (New York City
Laboratory) is obtained from the local power company. This
power is transformed and regulated (automatic voltage regu-
lators) in a separate substation building. Fig. 12 is an exterior



Van Dyck and Engel: Vacuwm-Tube Production Tests 1545

view of the transformer house and Figs. 13 and 14 are views of
the transformer and regulator equipment. - This equipment
supplies power for operating the motor-generator equipment, and
1s used directly (through suitable step down transformers) for
supplying the filament power of the tubes on test.
Direct-current plate power is supplied by the motor-generators
shown in Fig. 15. Each d.c. voltage required is supplied by an
individual machine in order to minimize voltage regulation effects

Fig. 17—Main Switehboard.

which would occur if series resistors or voltage dividers were
used to obtain all voltages from one machine.

The input and output circuits of each machine are provided
with electric filters which prevent radiation of electro-magnetic
fields from the power lines. These filters are contained in iron
boxes mounted directly over the machines. A typical circuit
connection is shown in Fig. 16. g

All d.c. power is controlled from the main switchboard shown
in Fig. 17, by means of which any voltage generated can be
supplied to any rack desired.
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Grid voltage (d.c.) is supplied by batteries of dry ecells,
the load on this circuit being quite small and economically
handled by the No. 6 type dry cell.

Direct-current power for use in making initial bridge tests
and all intermediate measurements (during life) is obtained from

Fig. 18—High-Voltage Battery and Charging Equipment.

storage batteries. The high-voltage battery equipment and charg-
ing panel are shown in Fig. 18.

A Iarge portion of the power used in life testing vacuum tubes
is dissipated in the form of heat. Because of the large number of
tubes tested in this laboratory, special precautions are necessary
to control the temperature of the life test room. A cooling system
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Tig. 20—Life Test Rack Room.
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which supplies a continuous supply of cooled air to the room is
utilized, and part of this equipment is shown in Fig. 19.

Lire TEsT Racks
A general view of the life test rack room is shown in Ifig. 20.
Facilities are provided in this room for testing large quantities
of every type radiotron sold for broadcast reception purposes.

Tig. 21—View of Three-Electrode Tube Life Test Rack.

A close-up view of a typical rack employed in life testing
three-electrode tubes is shown in Fig. 21. Alternating-current
filament power is supplied by transformers mounted on each shelf.
The voltage supplied to the tube filaments is adjusted by means
of a variable resistor in the primary circuit of the transformer.
Heavy copper bus bar is used for all connections to minimize
drop of potential.



Van Dyck and Engel: Vacuum-Tube Production Tests 1549

Series non-inductive resistors are placed in the grid circuits
of all tubes to prevent oseillation of the tubes, and are of such
value that they serve also to prevent remnoval of the grid bias
potential from the rest of the tubes on the rack when one tube
on test fails because of grid to filament short circuit.

Plate power is supplied to the tubes in banks of seven tubes,
each bank having a “grasshopper” fuse in circuit which opens
that particular circuit if abnormal conditions oceur. A balanced

Fig. 22—Alarm Indicator and Timing Devices.

relay arrangement is also included in the main plate power supply
line of cach shelf of tubes which automatically shuts off the
filament and plate power to that shelf if the grid, filament or
plate power supply should fail, or vary more than a specified
amount from normal. An alarm is also provided and the location
of trouble is indicated on a signal board located in a prominent
position in the test room. The relay panels may be seen in Fig. 21.
The indicator panel is shown in Fig. 22.
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Voltages applied to the tubes, plate current, and other operat-
ing conditions are checked frequently by means of portable
measurement apparatus which may be connected to the racks.
A specially designed jack is incorporated in all racks so that the
instruments are inserted easily in the desired circuits. Adapters
are also provided so that actual socket voltages may also be

=

Fig. 23—Portable Measuring Apparatus.

checked at frequent intervals. A view of the portable measure-
ment equipment is shown in Fig. 23.

A rack used for life testing hot cathode rectifier tubes is
shown in Fig. 24. These tubes are tested in complete individual
circuits, i.e., separate filament and plate power transformers are
employed, and individual load and filter circuits are provided.
Voltage, current, and other operating conditions are easily
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checked by means of portable measurement instruments which
can be jacked into each circuit. Complete, automatic cantrol
of the power supply is provided to prevent operation of the tubes
under abnormal operating conditions.

An electrie clock which operates from the main power supply
is used to measure the time the tubes have been on test. This

TFig. 24—Hot Cathode Rectifier Life Test Rack.

is shown in T'ig. 22. Intentional shut downs, or interruptions of
the test caused by failure of the power supply, are automatically
eliminated from the computation of the burning time, and the
keeping of test schedules and records is greatly simplified by
the use of this clock. Another duty which this elock performs is
to send an electrical impulse to each rack every half hour. If
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the racks are in normal operating condition the impulse 1is
passed on to the relay counters (telephone message counters)
shown in Fig. 22. A counter-relay is provided for each shelf of
each rack. If a particular shelf is shut down, the timing impulse
does not operate the counter-relay connected to that shelf, so
that by observation of the totals shown on the relay dials the
amount of time a particular shelf has been shut down is readily
ascertained. Since all racks are automatically controlled and may
shut down when an operator is not present (during the night) this
timing system is necessary in order to obtain accurate timing of
the tests.

Both intermittent and continuous burning life tests are
conducted, the kind of test used depending upon the type of tube
being tested. The continuous test is preferred because no time is
lost as contrasted with intermittent testing which may utilize
as little as half of the test time for actual operation of the tubes.
Most types of receiving tubes give equally good results on either
type test, so that most of the tests are of the continuous type.

During life test, the condition of the tubes is determined
by measurement at regular intervals. For example a typical test
schedule is 0-10 per cent—20 per cent-40 per cent-75 per cent—100
per cent of the total run of hours. The tubes may be tested at any
intermediate time at the discretion of the operator, but the regu-
lar intervals are preferred for the sake of uniformity in the test
reports.
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Supplementary Notet to ABBREVIATED METHCD FOR
CALCULATING THE INDUCTANCE OF IRREGULAR
PLANE POLYGONS OF ROUND WIRE*

By

V. I. BASHENOFF
{Chief of the Wireless Section of the State Research Institute, Moscow, Union of Socialist
Soviet Republies)
HE author has made an analysis of the nature of the
quantity a; which oecurs in the principal formulas of the
foregoing paper.*
The formula (11) for the inductance of a rectangle of sides
a, b, diagonal d, perimeter [=2(a-+b) may be transformed by
means of the relation

2(a+b) ab 21 2a 2b
L =2l{7 log -l;-- - -Z—Tlog (a+d)—7 log (b+d)
,,
2(a+0b) 4d 4r 4da 4b}
e TS e ST 44
=% 11 a8 (44
21 ab 2a (a+d) 2b b+d)
=2 log—+log——— log ————— log ————
{Ogr+°g12 A SR B
4d 4r
+7—2+#5+7}
into the form
. 21 4r
7* .
where
ab 2a at+d 2b b+d  4d

Calculating a; for different values of a/b, and therefore for
different values of I/+/s, the following table is obtained.

* Proc.I.R.E. 15, 1013; December, 1927. The numbers of equations,
tables, and figures here follow those of the previous paper.

t Original Manuscript Received by the Institute, July 4 1928.
Translategl{ from the German by F. W. Grover, Union College, Schenec-
tadv, N. Y.
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TABLE V
a/b_ 1 2/3 0.427 1/4 1/9 1/15 | 1/20 1/30 1/50
s 4 4.08 4.37 5 6.67 8.24 9.35 [11.3 14.37
[-13 2.853 | 2.866 | 3.006 | 3.269 | 3.826 | 4.226 | 4.471 | 4.849 | 5.330
log 12/s 2.773 | 2.79 2.94 3.22 3.80 4.218 | 4.471 | 4.849 | 5.330
¢ 0.080 | 0.076 | 0.066 | 0.049 | 0.026 | 0.008 0 0 0

The quantity ¢ is put for a,—log #/s.

It is clear that in (46) the first term —log ab/E=log s/I? is
the most important, and is increasingly so, the greater the value
of 1//s (see last row of Table V). ‘

Replacing a; by log(l?/s)+¢ in (45) we obtain

2s 7
L= 2l|:10g —l+,u.5 +4—l— —qS:| 47
7

and if we neglect here, as has been done earlier, terms of the order
of magnitude of r/l and ¢,

wzz[ log —+p5] (48)

From this may be obtained, as was first suggested to me by
Ing. Klatzkin, the known formula for a long loop!

d
L 221[ log —+,u5] (49)
r

The assumption will now be made that for other closed curves
without reéntrant angles the quantity a. is likewise nearly equal
to log(i%/s).

To prove this assumption analytically is, unfortunately,
possible only in the two cases of a rectangle and a triangle, using
the formulas derived by the author and Dr. Grover. Besides
these, no other cases exist where, for a closed curve, formulas
with two variable parameters can be given in analytical form.

By a process similar to that already desecribed for a rectangle,
formula (42) for a right triangle may be brought into the form

28
= 2l|:10g—l+,u5—q§:| (51)
’r‘ .

1 More exactly, if I; is the length of each wire, and d their distance
apart,

L=(4,+4d)) glog + ub E (s0)

dly
r(ly +d)
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where
a? alc—a) b2 b(c—b) ¢ o?
¢p=——Ilog——————log—————— log —
2le ble+b) 2lc alc+a) 21 ab
a+c/2 b*+c/2

-I—T log (a—}-c)—}-—l— log (b+c)—logl+1—log 2 (52)

From this follow the results of Table VI.

TABLE VI
UANs 4,828 5.84 7.01 8.99 10.2 12
@ 0.182 0.223 0.252 | 0.271 0.276 0.282

The formula (41) for an isosceles triangle may also be written
in the form (51) with
8&h

W e (53)
& T LR S Y

Here & is the altitude of the triangle.

This last formula gives the results shown in Table VIIL.

TABLE VII

6.04 | 801 |8.95 | 9.8 [10.50 |11.3

_z/vsllssg 5.67 |12 I_I;G:B
° 0.260 | 0.276 | 0-285 | 0.200 | 0.293 | 0.206 | "0.208 0299

0.164| 0.225

Furthermore, all the previously known formulas for polygons
(32) to (37), (14) and (37a) can also be put into the form of (51).
Table VIII gives the data for each.

TABLE VIII
;Figure /s ak | = o I\Tew Formula log i2/s ¢
a
Circle 3.541 | 2.451 : L=41ra.[log——¢:| 2.5311 | —0.080
r
QOctagon 3.641 245611 K, 2.5845 | —0.0235
Hexagon 3.722 | 2.636 L =2na[log ——¢ 2.6285 | 40.0065
Pentagon 3.812 | 2.712) r 2.6763 | +0.0355
a
Square 4.000 | 2.852 L‘=8<1|:log == -—¢:| 2.7730 | 4+0.0800
2r
28
Figure 3a 4.395 | 3.091 L= le:log —l—d>:| 2.96095| +0.130
T
a
Equilat. 4.559 | 3.198 L =6a|:log = —¢:| 3.0340 | +0.164
Triangle 2vV3r
Right - a
Triangle 4.828 | 3.331 L=02+ s/2)a|:log ——=——==g, 3.148G6 | 40.182
Equal legs || 24+ v2)r

From this it is clear that for all the regular polygons we can
write a new simpler formula
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™
R, cos—

n igH
L=2na| log————¢ [= 2na|:log — —¢:|
7 i

in which n =the number of sides.
R. =the radius of the circumsecribed circle.
K, =the apothegm of the regular polygon.
In the various cases ¢ varies between the limits of —0.08 for
the circle and 4-0.164 for the equilateral triangle.
The similar relation is not difficult to derive for other figures
with a known ratio of I and s. For example, for any triangle

R.
L=2I l:log -— —¢:|
-

where R. is the radius of the inscribed circle, and ¢ is taken from
the curve, Fig. 1 (see below).

For a rhombus whose shorter diagonal is % and whose acute
angle is 2«, the corresponding formula is

I sin 2« 4h h cos a
L= 2l|:log —qs:l - l:log = —¢:|
8r 2r

Sin «

The curves ¢=f(l/\/;) for Tables V, VI, VII, and VIII are
shown in Fig. 1. For figures of the form of a rectangle ¢ ap-
proaches zero with increasing 1/+/s: for polygons more nearly

03

C

L §

/
A

@

-2 o
/

T
— L

0.

-

Fig. 1

of the form of a right triangle or 1sosceles triangle ¢ increases,
but relatively quickly attains, with I/4/5=10, a nearly constant
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value of about 0.29. For all practical cases ¢ can be determined
from the curves. If, however, the figure is strongly unlike that
of a triangle (Curves B and C) or that of a rectangle (Curve A)
the author proposes for practical purposes to use the formula

28
L=2] [10g——0.15]
rl

The maximum error for the most unfavorable cases amounts with
this formula to only 1.3 per cent.

Thus the new form of our formula, in which the “noninductive
effect” of the factor I/+/s is more clearly and distinctly expressed,
can be used in practice for any value of [/+/s without the necessity
of extrapolation as was the case previously.

In a recent paper R. G. Allen? has obtained the inductance of
an equilateral triangle, a rectangle, and a regular hexagon by
direct integration of the flux linkages in each of these cases. The
resulting formulas agree with those obtained from the general
abbreviated formula of the present paper.

At the beginning of March, the author made a measurement
of the inductance of an ellipse in order to prove the new formula.
The ellipse had semi-axes of 1.5 m and 3.47 m and consisted of
wire 0.08 cm. in diameter. The lead wires to the bridge were 0.5 m
long and were placed 0.2 m apart. The measured value, mean of
the results of three observers, was 30800, with an uncertainty
of one per cent. The calculated value, assuming a; to have the
value given by Fig. 6 for I/+/s =4.02, and including the calculated
value of the inductance of the lead wires, was 30775. Thus
AL = (Lm—Lc)/Lc=0.08 per cent.

In view of the difficulty of accurately calculating the capacity
of antennas,® the author suggests that it is better to obtain the
calculated capacity of a closed aerial from its caleulated induc-
tance L,. Supposing, for example, an aerial of a single turn,
closed except at a single point, the natural wavelength A;=2[
and the electrostatic capacity C, is given by the relation Ap=
4+/1.4Co, which using the author’s inductance formula gives

l

g=— - e

8[1 % +d}<1+A>
g ¢ty 100

2 Exper. Waireless and Wireless Eng., 5, No. 56, p. 259, Editorial
note by G. W. O. Howe, l.c. p. 238.
3 Proc. [.R.E,, 15, 733; August, 1927.
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In conclusion the author expresses his sincerest thanks to
Prof. Schuleikin and to Electrical Engineers Starik and Svistoff
for their interest and aid in the work, and to Prof. F. W. Grover
for making the English translation of the paper.

Note added by the translator.

At the request of the author I am adding the general ex-
pressions for the quantity ¢ for two further cases.
For a triangle of sides a, b, and ¢, it may be shown that

b b 2 __ A2 b 2 =P
S=14 -ZFC log (c+b)*—a +a+ (a+d)*—c

v l v

+a+cl (a4c)t—b? al 2a b1 2b c1 2¢
g ¥ bl me L8R BRIty

in which

(?:a)(P——b)(P—c)_ 2 a+b4c
fid— ,‘/ and —=
/2 2s R,

I 1
7)=2ZRe P=;=—2(a+b+c)

For a rhombus whose acute angle is 2«,
¢=2—log 4—cos a—sin a+log sin 2«
+cos? a(sinh~! cot 2a+sinh—! tan «)

+sin® a(sinh~! cot a—sinh~! cot 2¢)

F.W.G.
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THE CONSTANT IMPEDANCE METHOD FOR MEASUR-
ING INDUCTANCE OF CHOKE COILS*

By
H. M. TurNER

(Yale University, New Haven, Connecticut)

Summary—This paper describes a method for measuring at power fre-
quencies the inductance of iron-cored choke cotls of the type commonly used in
radio as filters. It has been used to measure values of from one to more than
2000 henries. Two circuit arrangements are illusirated and several families
of curves show how the inductance depends upon the magnitude of the super-
posed alternating and direct-current magnetomotive forces. The method may
dlso be used at higher frequencies. It is simple, convenient to use, and re-
qutres the minimum of equipment.

N 1918 the writer discovered a unique property of parallel

circuits which was found useful in measuring circuit con-

stants and has been used quite successfully in our laboratory
for this purpose for several years.

With an alternating emf impressed upon a parallel circuit
as shown in Fig. 1 the equation for the line current is

I=EY =E(G+jB)=E[g.—j(ba—b1)] (1)
'/ R\ 2 X, 1\
o/ G
Zid 7y X 2
. 1/1—2w2LC+ s @)
= w
Ritxg ¢

It will be observed that if the values of w, L and C are such
that

2w .C =1 (4)

the first term under the radical reduces to zero and the absolute
value of the line current is equal to wCE, the current through the
capacity branch; under these conditions the line current is ab-
solutely independent of the resistance of the inductive branch.
This will be referred to" as the critical condition. Opening the
inductive circuit is equivalent to introducing into this branch an
infinite resistance for it reduces the inductive current to zero.

* QOriginal Manuscript Received by the Institute, July 14, 1928.
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It is this feature that is the basis of the method being described.
It is unnecessary to obtain a resistance balance as in Wheatstone
bridge methods of measuring inductance, nor is it necessary to
determine the resistance as in other methods.

Solving (4) gives for the critical frequency

=% Yy 0.707 , (5)

when f, is the resonant frequency for L and C connected in series
and

L=1/2w'C (6)

When (4) is satisfied and any two of the factors are known, the
third may be calculated, but it is usually the inductance that is

.06

07+

© <]
[ k3

MILLIAMPERES PER VOLT

¥

031
CRITICAL CURRENT x 0268 M.A.

02-

.01

.....CRmea rrequency

°3 % B & s B % % i
Fig. 1—Line Current Variation in Parallel Circuit Due to Frequency
Variation.

desired which is expressed in terms of frequency and a standard
capacity.
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For constant impressed emf and ecritical frequency the re-
sistance of the inductive branch may be varied from zero to
infinity without affecting the magnitude of the line current as
shown by the common point of intersection of the curves in
Fig. 1, while the corresponding change in phase of line current
is indicated in Fig. 2. The current in the inductive branch is
given by

E E
I=—=-—sinf (7
z X

the equation of a circle which is the locus of the current as R
varies. The current for R=0, § =90 deg., is E/X the diameter
of the semicircle as given by OA lagging ninety degrees behind
the emf. The condenser current is wCE leading the emf by ninety
degrees. Adding these two components vectorially gives the
line current, the locus of which is a semicircle of radius wCE
with i1ts center at the intersection of the coordinate axes. The
critical value of capacity current is E/2X, that is, the capacity
reactance is twice that of the inductive reactance.

PROCEDURE

In general a source of constant emf of known frequency
(usually 60 cycles when measuring large choke coils where this
method is particularly good), some means of measuring the
current, and a standard capacity are required. It should be
pointed out that while it is highly desirable to have the voltage
remain constant during the entire time measurements are being
made, it is only necessary that it be the same immediately after
the switch is opened as it was immediately before.

It has been previously stated that when the values of w, L,
and C are such as to satisfy (4) the line current has the same value
regardless of whether the inductive circuit is connected or not;
that is, the total impedance of the circuit is the same, and for
this reason has been called the “Constant Impedance Method.”

To determine whether the necessary conditions are fulfilled
is extremely simple. A switch placed in the inductive branch
1s opened and closed while the standard capacity is varied until
there is no permanent change in the reading of the line ammeter
indicating that (4) is satisfied. The inductance may then be
calculated by (6). With the circuit connected as shownin Fig. 2,
first close the switch and observe the steady ammeter reading;
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then open the switch, and if the current decreases the capacity
is too small: The capacity is changed in accordance with these
observations and the operation repeated until there is no per-
manent change in the deflection of the instrument when the
switch is opened. The transient changes are ignored except
insofar as they are useful in assuring the operator that the pointer
moves freely as the balance is closely approached. The switch-
ing operation may be performed in the reverse order if desired:

Ty ! : |® O O
] E -
EXe ; < L
1 ANDT, =9

COINCIDE FOR
R= oo -

“«— LOCUS OF 1
"\ MOTE-[ 1S INOEPENDENT OF R
AT SPECIFIED FREQUENCY

,h—l.ocus OF 1,
i
]

T

Fig. 2—Change of Phase of Line Current Due to Change in Resistance,
with Critical Impressed Frequency.

that is, noting the ammeter reading with the switch open and

after closing, but the method outlined is preferred.

Under certain conditions the voltage of the source may be
disturbed by the change in phase of the line current when the
induective circuit is opened. For example, in Fig. 2, if R=0 the
inductive current lags 90 deg. behind the impressed emf. For
a condition of balance the line current also lags 90 deg. when
the switch is closed and leads by 90 deg. when the switch is open.
If R is such that the inductive current lags by 80 deg., the line
current lags by approximately 70 deg. when the switch is closed
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and leads by 90 deg. when the switch is open. This may be
avoided by connecting the inductive circuit first on the right
of the ammeter and then on the left, thus keeping the magnitude
and phase of the line current the same. Also, if the impedance
of the line instrument is such as to cause an appreciable volt-
age drop, the fact that the current is displaced 70 deg. from the
voltage in one case and 90 deg. in the other may cause a change
in the voltage across the circuit being measured for the two condi-
tions. This increases the voltage across the condenser when the
inductive circuit is open; therefore, the capacity must be re-
duced to give the same line current and the calculated value of
inductance is high. This error may be eliminated by increasing
the frequency until the inductive components lag by 85 deg. or
more. The error introduced by the ammeter impedanee is usually
not large, The inductance of an air-cored coil as measured with

©
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Fig. 3—Measurement of Inductance. Change in Sharpness of Tuning of
Parallel Circuit Due to Change in Capacity. Impressed }'requency
Critical for C=100 per cent.

a five-ohm instrument was 4.32 henries and with a one-hundred-

and-five-ohm instrument was 4.38.

Fig. 3 shows the per cent change of line current for a given
per cent change in capacity in terms of the departure from the
critical value of capacity. The point of intersection of the various
curves (zero change) is the critical adjustment where the in-
ductive ecircuit may be opened and closed without producing
any permanent change in the line current. As a balance is ap-
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proached quite closely, which is always the case in making
measurements, the curves are symmetrical with respect to the
zero point. It is to be observed that when the angle of lag of
the inductive circuit approaches ninety degrees, which is usually
the case, the line current changes at the same rate as the capacity
and for the case where the angle is small the current changes
somewhat less rapidly than the capacity.

It should be observed that with this method, where the
apparent inductance of the coil is not affected by the distributed
capacity of its winding at the frequency used, higher harmonics
of considerable magnitude may be present in the electromotive-
force wave without appreciably influencing the calculated
inductance. For example, if there is a pronounced 29th har-
monic, due to armature slots, the harmonic component of current
in the inductive branch is absolutely negligible, while that
through the capacity is large. With the switch closed the line
current =+/I?+ 12,44, I being the vector sum of the funda-
mental components in the two branches, and with the switch
open the line current=+/12+]124, but for balance the funda-
mental component of the line is equal in magnitude to the
fundamental component through the condenser. In other words
the fundamental components combine in exactly the same manner
as 1f the harmonic were not present, and since the harmonic
component of condenser current is present in the line both with
the switch open and closed there is no error introduced. If
harmonics of low order but large magnitude are present, error
would result because of the relatively large harmonic component
through the inductance which would pass through the ammeter
with the switch closed but not when open. Either use a wave
of approximately sine form or use a filter to eliminate the trouble-
some harmonic, but usually this will not be necessary.

.

Iron-Corep CHokE CoILs

For measuring the inductance of iron-cored coils the pro-
cedure is exactly the same as already outlined. However, the
inductance will vary with the impressed emf, and this method
affords a simple and convenient means of determining the manner
in which it depends upon the impressed voltage or current
through the coil. Fig. 4 shows a curve of the inductance of a
small filter choke plotted against current. Of course, under
operating conditions the alternating current would not reach
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such large values. It was designed to carry fifteen milliamperes
of direct current in normal use; however, there was no direct
current flowing when these measurements were made.

When operating iron-cored coils at high values of saturation
it is extremely important to have the line ammeter short-circuited
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at the moment the induciive circuit is connected, otherwise the
instrument may be damaged by the large transient current. If
an extra contact is added to a single-pole switch as shown in
Fig. 4, the required protection is provided and the switch may

be closed as rapidly as desired without damage to the instru-
ment.

IroN-CorED CHOXE COILS WITH SUPERPOSED
Direct CURRENT
Since the inductance of an iron-cored coil varies with the
superposed direct current flowing through its winding, provision
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Fig. 5—Variation of Inductance with D.C. Magnetization. Filter Reactor
Model UP-1627. 60 Cycles Ea.c-=110.
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should be made for supplying the desired value of direct current
when the inductance is being measured. This necessitates a
slight modification in the circuit arrangement. Where two similar
coils are available they may be connected as in Tig. 5, providing
a convenient method of introducing and controlling the direct
current through the coils and preventing battery current from
flowing through the thermo-couple instrument in the line. This
1s accomplished by varying the position of the contact B of the
potential divider until there is no battery potential between A
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Fig. 6—Variation of Inductance with A.C. and D.C. Magnetization.
60 Cyecles.
and B as indicated by a sensitive voltmeter E,.. This is impor-
tant for the protection of the line instrument, for a relatively
small unbalanced battery voltage might burn it out. When the
adjustment is once made it seldom requires changing, but the
balance should be checked occasionally by throwing the switch

to the right.

It is evident that the inductance of the two coils in parallel
is measured, and to obtain that of a singl_e:c_o_il this value should
be doubled.
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Fig. 5 shows the inductance of a filter reactor with direct
current. The impressed emf was constant and of quite large
value, producing an alternating current of approximately thirty
milliamperes. It is to be noted that the inductance is remarka-
bly constant for such large magnetomotive forces indicating a
rather large air-gap. This reactor was designed to carry 300
milliamperes of direct current.

In a modified form of the circuit! the condenser is connected
in series with the inductanee to be measured, see Fig. 6, instead
of in parallel as in the method already outlined. The measure-
ment is made by throwing the single-pole switch first to left,
noting the current through the inductance alone, and then to
the right, noting the current through the capacity and induc-
tance in series. If the line current is larger with the switeh to
the right the capacity is too great; if it is smaller the capacity
is too small. The capacity is changed in accordance with these
observations, and the switching operation repeated until there
is no permanent change in the instrument reading. For a balance
the capacity reactance is twice the inductive reactance and

1
L= — henries 8)
2w20farad

which is the same as given by (6). When measuring choke coils
at 60 cycles and with C expressed in microfarads

3.52 )
b= henries (9)
C
Also
3.52
C ="I— - [J.f (10)

From which it is seen that for L =100 henries a capacity of
0.0352 uf is required, and for L =>500 henries there is required
a capacity of 0.00704 uf. With the switch to the left the current
lags by 8 degrees, and with the switch to the right the current
leads by the same amount.

In the first method, where measuring the inductance of two
coils in parallel, the line current is the same as the current in the

1! Mr. H. T. Lyman, Jr., graduate student in Communication Engineer-

}ng, Yale University, used this circuit in obtaining data for the curves that
ollow.
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individual inductances (neglecting the slight effect of resistance),
while in this case it is equal to twice the current through the
individual inductances.

Where it is necessary to use a line Instrument of high resist-
ance for measuring the alternating current, the second method
is preferred. For measuring extremely small values of alternating
current, either a crystal detector in series with a direct-current
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microammeter or an electron-tube voltmeter may be used across
a resistance in the line.

The curves that follow show the variation of inductance with
both the direct- and alternating-current magnetizing components
through wide limits. The family in curves Figs. 6 and 7, which
were plotted from the same data, have direct current as the inde-
pendent variable in one case and alternating in the other. As a
matter of convenience these are illustrated for a plate-filter-choke
coil designed for a maximum full-load direct current of fifteen
milliamperes; under normal operating conditions the alternating
current will be small.
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Fig. 8 is for the primary of an audio-frequency transformer
used as a choke coil at 60 cycles.

These methods have been used to measure inductances of more
than 3000 henries, and there is no reason why still larger values
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could not be measured if desired. They are simple, convenient
to use, and require the minimum of equipment.
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FADING CURVES ALONG A MERIDIAN*

By
RoserT C. CoLwELL

(Department of Physics, West Virginia University, Morgantown, West Virginia)

Summary—The fluctuations in signal strength of KDKA, Pittsburgh,
Pa., were observed through the sunset period of Morgantown, W. Va. Since
the two cities ure approximately on the same meridian, any variation at
sunset should be due to changes in the Heaviside-Kennelly layer and not to
refraction through the earth’s shadow. Observations were made on twenty-one
days; it was found that on bright clear days, the curve fluctuated considerably,
while on cloudy days, the curve was Jairly steady. The fluctuations can be
accounted for by ussuming a reflected wave on clear days.

West Virginia, upon the signal strength of Station KDKA

at Pittsburgh, Pa. The results of these measurements were
published by the Bureau of Standards.! The readings were con-
tinued during the winter of 1926-27 , using a superheterodyne set
connected to a semi-automatic recording galvanometer. These
curves were averaged hy the usual methods.

I[N May, 1925, measurements were made at Morgantown,
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Fig. 1—Fading Curves, KDKA, West Virginia University, Morgantown,
West Virginia.
All these curves were taken during the years 1926 and 1927
on the following dates:
Cloudy days 1926—January 10, 31; February 21.
1927—January 2, 9, 16, 30; February 20; March 7,
23, 24.
Clear days 1926—February 7, 23, 28; December 5.
1927—March 25, 26, 28, 29, 30, 31.

* Original Manuseript Received by the Institute, July 11, 1928.

! Scientific Paper of the Bureau of Standards, No. 561, p. 432.
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The curve for all the readings is given in Fig. 1. The time of
day is plotted along the X axis, and it is apparent that there is
a slight dip between the hours of six and seven which is near the
sunset period. The curves were then averaged for five-minute
intervals before and after sunset; that is, the time of sunset for
each separate curve was taken as zero. This average for all the
curves resulted in the curve shown in Fig. 2. This figure shows
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Fig. 2—Average Curve, KDKA, at Morgantown, West Virginia

that the average strength remains fairly constant during the
daylight hours, takes a slight dip shortly before sunset, and then
rises to a night value about thirty per cent higher than the day -
value. The night value, however, is not constant and sometimes
falls below that of the daylight hours.
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Fig. 3.

Upon examination of the curves, it was found that eleven
curves had been taken on cloudy days and ten upon fine, clear
days. The difference between the two types of curves is shown in
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Fig. 3. It is apparent that the typical curve for a clear day is
rather disturbed during the daylight hours, increases after sunset,
and shows considerable fading. The typical curve for a cloudy
day is uniform during the daylight hours, and the increase after
night is fairly steady.

The ordinates for all the curves taken on fine, clear days were
averaged at one-minute intervals before and after sunset. The
curve of I'ig. 4 shows the variable character of this average curve.
A similar average was taken for the cloudy days and Fig. 5 shows
the comparatively even curve typical of cloudy weather. These
observations indicate a new relation between signal intensity and
the state of the atmosphere. Other relations have been noted
by Austin? and Pickard.3

The results of this investigation can be explained if it is
assumed that the Kennelly-Heaviside layer is partially operative
even dyring the daylight hours. On fine days there is a reflected
wave (sky wave) which interferes with the ground wave causing
a slight fluctuation during the afternoon. After sunset the re-
flected wave increases in intensity and fading becomes more
pronounced. On cloudy days, the atmospheric conditions prevent,
the sky wave from reaching the reflecting layer, and only the
steady ground wave is received.

It should be understood, however, that the typical cloudy
weather curve can only be obtained in the middle of a cloudy
period, and similarly for the fine weather curve. When the
weather i1s changing from cloudy to clear and vice versa, the
curves are very irregular and depart from the typical forms.

* Proc. LR.E,, 12, 681; December, 1924; 14, 781; December, 1926.
! Proc. I.LR.E,, 16, 765; June, 1928.
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BOOK REVIEW

Theory of Vibrating Systems and Sound, By Irvine B. CRaN-
paLL. Published by D. Van Nostrand Company, New York,
1926. 272 pages, 23 illustrations, 61 X921 cloth, $5.00.

This book is based on studies in the Bell Telephone Labora-
tories and written by a well-known research worker in the field.
It is intended to supplement, rather than to replace, the accepted
treatises on sound by such men as Rayleigh, Lamb, and others.
Its purpose is to present the theory of sound and its recent tech-
nical applications in such a way as to interest the student of
physics who has given a certain amount of attention to analytical
mechanies and to bring out the latest branch of applied science—
“electro-acoustics.”

The book also treats, in addition to problems of radiation and
transmission, architectural acoustics and gives many references.
The presentation is clear, as are all of Dr. Crandall’s publications.

Avcust Hunp T

t Physicist, Bureau of Standards, Washington, D. C.
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RADIO STATIONS OF THE WORLD ON FREQUENCIES
ABOVE 1500 KILOCYCLES*

HROUGH the courtesy of the Federal Radio Commission the
following list of high-frequency allocations is published.

This list is published for the information of the Institute
membership to indicate the present status of high-frequency assignments.
It will not be published as a regular feature of the PrRocEEDINGS.

The frequencies listed in the first column are those recently adopted
by the Federal Radio Commission in its system of high-frequency chan-
nels. Each channel is approximately 0.2 per cent wide, and is indicated
by the frequency at its center. Every frequency licensed or used by any
station within each channel is given in the last column. This list chows
only the channels upon which stations are operated. Intermediate chan-
nels, not shown, are separated by intervals similar to those shown, the
separation being approximately two-tenths per cent.

The data for United States stations given correspond to the records
of the Commission. For the stations of other nations, the data are not
authoritative. They are compiled from various sources and have not been
fully checked. In some cases, more than one frequency for a station is
given because divergent values were given in the sources. In a few cases
the frequencies are slightly uncertain because the source gave datain
wavelengths, which may have been originally computed from frequencies
by use of other conversion factors than 300,000.

For U. 8. Government stations, only the frequency is given. This
is because the Government departments have not released for publication
the locations of their stations.

Since amateurs, and a few special cases of other stations, are licensed
for bands of frequencies rather than specific channels, they are not men-
tioned in the table.

| Call Fre-
Channel| Letters Location of Transmitter Owner |quency
1500 | C2BB Valparaiso, Chile 1500
VNAC Port Elizabeth, U. of S. A. 1500
CRLQ Otchinjau, Angola 1500

CRE Dili, Portuguese Timor 1500

C2AD Valparaiso, Chile 1500

C2BG Vina del Mar, Chile 1500

C3BK Santiago, Chile 1500

GKZ Humber, England 1500

21 Cuba (2 stations) 1500

1508 | — British Columbia, Canada 1510

(10 stations)

1520 | GMG Guernsey, England 1520
1524 | GMG Guernsey, England 1523
GCA Tobermory, England 1523

. | GCB Lochboisdale, England 1523
1528 | C1AC Tocpa, Chile 1530
1532 | SMSM Karlskrona, Sweden 1531

* Original Manuscript Received by the Institute, October 11, 1928.
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High-Frequency Allocations

Channell Leuers

I Location of Transmitter

I

1540 | CO
DM
C2BA

1580 | DAS
DAC
KBL
C2AP
C2AU
CIAF

1604 | 3XK
1XAC

1612 | ——

1620 | —

1664 | KGIA
KGIB
KGIC
KGID

1668 | SQJ
SQI
CIAE
C2BI
C3CF

1708 | C3AA
C3BJ
GMF

1716 | DAL
POB2

1720 | PA25

1760 | C3BM

1764 | C3AB
C3AL
C3BI

1788 | C3CG

1808 | PA24

1876 | C3CB
BAC
KBL

1880 | DAS

1900 | PA23

1940 | C3CC

1976 | 3XQ

2000 | CPO
CPN
PB4
PA22

2008 | 9BA

2020 | ——

2028 | KVT

2040 | KLV
KLU

2048 | K2I
KF2
KGV
KFV
KYY
KYX
KVP

2052 | KJA

2068 | KVU
WCK
C3CE

2096 | ——
3XI

2100 | WEQ
WJIH
WX
DU
DJ
PA21

2108 | WBY

2140 | 2XBW
3XE

| Campbell River, B. C.
Thurston Bay, B. C.
Vina del Mar, Chile
Swinemunde, Germany
Cuxhaven, Germany

Valparaiso, Chile
Valparaiso, Chile
Antofagasta, Chile
Lighthouse Service, Holland
‘Washington, D. C
Providence, R. L.

Lighthouse Service, Holland

Drummondyville, P. Q.
(Portable) Calif.
{Portable) Calif.
(Portable) Calif.
(Portable) Calif.
Amazonas, Brazil
Amazonas, Brazil
Antofagasta, Chile
Vina del Mar, Chile
Santiago, Chlle
Santiago, Chile
Santiago, Chile
Alderney, England
Bremerhaven, Germany
Haarlem, Holland
Medembllk Holland
Santiago, Chxle
Tonning, Germany
Santiago, Chile
Santiago, Chile
Santiago, Chile
Santiago, Chile
Medemblik, Holland
Santiago, Chile
Cuxhaven, Germany
Elbe Feuerschlﬁ Vier, Ger.
Swinemunde, Germany
Oude Zeng, Holland
Santiago, Chile

Mt. Lakes, N. J.
Bolivia

Bolivia

Glace Bay, N. S.
Amsterdam, Holland
Breezand, Holland
Montreal, P. Q.
\/Iamtoba Canada (2 stations)
Los Anzeles Calif.
(Portable)

Flagstaff, Arizona
(Portable) Calif.
{Portable) Calif.
(Portable) Calif.
{Portable) Calif.

Los Angeles, Calif.
{Portable) Calif.
Dallas, Texas
Quebec, Canada (2 stations)
Pysht, Washington
San Diego, Calif.
Detroit, Mich.
Santiago, Chile
Lightships
Baltimore, Md.
Baltimore, Md.
Washington, D. C.
Benning, D. C.
Drummondville, P. Q.
Yamachiche, P. Q.
Harlingen, Holland
Charleroi, Pa.

Jersey City, N. J.
Baltimore, Md.

Elbe Feuerschiff Vier, Germany

Jenkins Labs.
C.E. Mfg. Co.

Geophysical Research Corp.
Geophysical Research Corp.
Geophysical Research Corp.
Geophysical Research Corp.

S. Ballantine

Boulevard Express
Lowell Observatory
Lowell Observatory
Pratt & Dutro
Russell Reed
Russell Reed

L. A. Co. Forestry Dept.
L. A. Co. Forestry Dept.

Pratt & Dutro
City of Dallas

Merrill & Ring Lbr. Co.
Boulevard Express
Detroit Police Dept.

G. E. Sterling

Brd. of Fire Comm.
Potomac Elec. Pow. Co.
Potomac Eleo. Pow. Co.

‘W. Penn. Power Co.
W. C. Von Brandt
Balto. Radio Show, Ine.

Fre-

quency
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Call Fre-
Channell Letters Location of Transmitter Owner quency
2140 | 6XT San Francisco, Calif. C. L. Watson & R. C. Gray ‘ 2140
9XC Chicago, Il Univ. Wireless Comm. Co. 2140
6XD (Portable) D. B, McGown | 2140
1XAC Providence, R. L. C.E. Mig. Co. 2140
2XQ New York, N. Y. Univ. Wireless Comm. Co. 2140
WGF Flint, Mich. F. D. Fallain 2140
WCZ Detroit, Mich. Detroit Yacht Club 2140
KPG Quanah, Texas Quanah Light & Ice Co. 2140
2176 | JMPA Shaishu, Japan 2175
2188 | WHC Allentown, Pa. W. Penn. Power Co. 2190
WBI Frackville, Pa. W. Penn. Power Co. 2190
WCJ Hazelton, Pa. W. Penn. Power Co. 2190
WLF ‘Wilsonville, Pa. ' W. Penn. Power Co. 2190
WPH Williamsport, Pa. W. Penn. Power Co. 2190
WwWOY Springdale, Pa. | W. Penn. Power Co. 2190
2200 | 6XZ Oakland, Calif. | Southern Pacific Co. 2200
PA20 den Qever, Holland 2200
2224 | JMCA Mokpo, Japan 2222
2242 Manitoba, Canada (2 stations) 2240
KND (Portable) Texas Co. 2245
KNB (Portable) Texas Co. 2245
KNF (Portable) Texas Co. 2245
KNE (Portable) Texas Co. 2245
KNC (Portable) Texas Co. 2245
- (Portable) Texas Co. 2245
2260 | WBC Highland Park, Mich. H. P. Hardesty 2260
2278 | 4XM Airplane Pan American Radio Corp. of America 2278
2302 | .8XA Any Ford plane TFord Motor Co. 2300
—— U. 8. Government 2305
2314 U. S. Government 2315
2326 | KUO San Francisco, Calif. Examiner Printing Co. 2325
2332 U. 8. Government 2335
2350 | KYF Seattle, Washington City of Seattle 2350
2356 U. S. Government 2355
2386 | —— U. S. Government 2385
2398 | WSV Miami, Florida Electrical Equipment Co. 2400
2404 | — U. 8. Government 2405
2434 | —— U. 8. Government 2435
2464 | —— U. 8. Government 2465
2482 | —— U. S. Government 2485
2500 | 3XI Baltimore, Md. G. E. Sterling 2500
KHX Los Angeles, Calif. G. C. Tichenor 2500
XOF West Beach, Chefoo, China 2500
2512 | — U. 8. Government 2515
2518 | WEY Boston, Mass. Boston Fire Dept. 2520
2542 | WIFU Miami Beach, Fla. Carl G. Fisher 2540
— U. 8. Government 2545
2572 I U. S. Government 2575
2584 | WMD Fordson, Mich. Ford Motor Co. 2584
2602 | — U. S. Government 2605
9BA Montreal, P. Q. . 2600
2608 | KJU Culver City, Cal. Cecil B. DeMille . 2610 ¢
KNI Wilmington, Calif. Wicl:mington Transportatian 2610
0.
2656 | — U. 8. Government 2655
2674 | —— U. 8. Government 2675
2686 | —— U. 8. Government 2685
2704 | — U. S. Government 2705
2716 | —— U. S. Government 2715
2728 | 6XBF Los Angeles, Calif. Cresco, Inc. . 2727
2740 | KLC (Portable) Calif. Shell Co. of Calif. 2740
2746 U. S. Government 2745
2752 | 1XY (Portable) N. H. Booth Radio Labs. 275_)0
3XI Baltimore, Md. G. E. Sterling 752
2800 | KIU Guadelupe, Calif. Paéamount Famous Lasky 2800
orp.
KJI Bristol Bay, Alaska Nakat Packing Corp. 2500
KZN Waterfall, Cannery, Alaska Nakat Packing Corp. 2800
KLw Port Althorp, Alaska Deep Sea Salmon Co. 2800
2830 | 6XAN Los Angeles, Calif. Freeman Lang . 2830
2XA0 Yacht M U-1, New York Atlantic Broadeasting Corp. 2830
7XAB Spokane, Washington Symons Investment Co. 2830
e Red Deer, Canada . 2830
2848 | WEI Norfolk, Va. Norfolk-Cape Charles Radio
| Telegraph Co. 2850
2854 | 9XAB (Portable) R. J. Rockwell 2855
1XY (Portable) N. H. Booth Radio Labs. 2855




1578 High-Frequency Allocations
) | Call ’ f Fre-
Channell Letters Location of Transmitter Owner quency
2866 | KGJ l Santa Barbara, Calif. Merit, Chapman & Scott Cor. I 2864
. KH | Santa Barbara, Calif. Meéit,GChapman & Scott Cor. ggg‘é
E== . . Government
2014 | —— | U. S. Government 2915
2gg§ 90B | Ottawa, Ont. Tt gggg
2 — | . 8. Government
2962 | —— | U. S. Government 2960
WSY Darlington, Md. ‘ Susquehanna Power Co. 2960
‘e U: 8. Government 2965
2968 | —— U. 8. Government 2970
2974 | —— | ’ U. S. Government 2975
2980 | —— R U. S. Government 2980
DP Provincial Air Base, Ont. | 2980
9AZ Maple Mount, Ont. 2080
9BD Long Lake, Ont. 2980
9BF Timagami, Ont. ] 2980
IBG Savant Lake, Ont. 2980
9BH Cat Lake, Ont. | 2980
DO Gold Pines, Ont. 2980
B% %Ve%mfnkLal(()e, Ont. %980
ake, Ont. 980
2992 | —— U. 8. Government 2995
2998 | WEP Cape Charles, Va. Nor’{ollkvcapﬁ gharles Radio a6
Celegra, 0. 00
9BH Pine Ridge Post, Ont. ETRR 3000
9BF Sioux Lookout, Ont. 3000
9BD Red Lake, Ont. 3000
- 9BG Woman Lake, Ont. - gOgO
431 ——= . 8. Government 005
3034 | —— . | U. S. Government 3035
3052 | WGI Alpena, Mich. Alpena Marine Radio Corp. 3050
3838 PBS8 Rotterdam, Holland i 3061
- A — . 8. Government 065
3070 | WKZ Cumberland, Md. Potomac Edison Co. 3070
3094 | LA1M Oslo, Norway | 3093
PB7 Groningen, Holland U . gggg
= . 8. Governmen
3112 | WJV Philadelphia, Pa. Philadelphia Elec. Co. 3110
.;}%4 PB6 The Hague, Holland - 3125
3154 | —— . 8. Government 3155
3178 | KHAH Greater Rockford Monoplane | Bert Hassell 3178
3196 | —— | U. 8. Government 3195
3202 | DK Shawinigan Falls, P. Q. 3200
BG Isle Naligme, P. Q. 3200
BJ Montreal, P. Q. 3200
EF (S;ztuelsec, P. Q.P :?;’200
. Narcisse, P. Q. 200
3208 | 3XK Washington, D.%, Jenkins Labs. 3210
1XAC Providence, R. I. C.E. Mfg. Co. 3210
Sggg —_— Amsterdam, Holland T Jae 3226
3 — . 8. Government 3235
3262 | —— U. 8. Government 3265
3292 | WFE (Portable) Cmdr. Richard E. Byrd 3290
WFD (Portable) Cmdr. Rickard E. Byrd 3290
KFK (Portable) Cmdr. Richard E. Byrd 3290
WFA (Portable) Cmdr, Richard E. Byrd 3290
WFC Airplane Fairchild Cmdr. Richard E. Byrd 3290
WFB Airplane Floyd Bennett Cmdr. Richard E. Byrd 3290
WEFF Airplane Fokker ’ I('j‘msdr.GRJchard Et Byrd gggg
—_— . 8. Governmen
3298 gvfgv l Iégtttirdqmi)flolland o © 3297
arleroi, Pa. est Penn. Power Co. 3301
WOB Connellsville, Pa. ' West Penn. Power Co. 3301
R -
elquir] ines, Manitoba 20
3332 | WPM Birmingport, Ala. | Inland Waterways Corp. 3331
—_— Soerabaya, Java | 3331
S
R wow, Polan
3340 | —— . . ’ U. 8. Government 3340
548 9CH Geizers Hill, Nova Scotia U.5.G ggig
—_— . 5. Government
—_— U. 8. Government 3350
3356 | —— | U. 8. Government 3355
_ U. 8. Government 3360
3364 | —— | U. S. Government 3365
3372 | —— U. 8. Government, 3370
= U. 8. Government 3375
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| Call Fre-
Channell Letters Location of Transmilter Owner quency
3380 ’ _— U. 8. Government 3380
3388 | —— U. 8. Government 3385
—— U. 8. Government 3390

3396 | — U. S. Government 3395
— U. 8. Government 3400

3404 | — U. S. Government 3405
3412 | — U. 8. Government 3410
e — . U. 8. Govercment 3415

3428 | WHF Williamsport, Md. | Potomac Edison Co. 3430
3444 [ —— . : 1 U. 8. Government 3445
3468 | KTT Drier Bay, Alaska Gorman Packing Corp. 3466
3476 | —— U. 8. Government 3475
9BG Savant Lake, Ont. 3480

9BD Long Lake, Ont. 3480

9BH Cat Lake, Ont. 3480

9AZ Maple Mount, Ont. 3480

9BF Timagami, Ont. 3480

3500 | —— U. S. Government 3500
3532 | LA1E Bergen, Norway 3529
C2BD Valparaiso, Chile 3530

3588 | RZV Vonjama, Liberia 3590
3612 | RZS Sinoe, Liberia 3610
3660 | RZB Bassa, Liberia 3660
3700 | RZP Cape Palmas, Liberia 3700
3716 | HBC Berne, Switzerland 3720
3748 | KFUH S8 Kaimiloa M. R. Kellum 3748
KGDQ 88 Faith W. W. Shaw 3748

HVA1 Hanoi, Indo-China 3750

RZ)\1 Morrovia, Liberia 3750

HJF Cucuta, Columbia (Proposed) 3750

| HJE Cali, Columbia (Proposed) 3750
VMDJ White Island, New Zealand 3750

2FF Tientsin, China 3750
AWAG Vancouver, B. C. 3750

T Calgary, Alberta | 3750
Saskatoon, Sask. 3750

XWAC Winnipeg, Manitaba 3750
London, Ont. 3750

—_— Toronto, Ont. 3750
XWCB Camp Borden, Ont. 3750

_ Kingston, Ont. 3750

_— Montreal, P. Q. 3750
Quebec, P. Q. 3750

— St. John, N. B, 3750

= Halifax, N. 8. 3750

3900 | KHAS Airplane Maid of Detroit H. C. MoCarroll 3904
3948 | GSA 3945
3XQ Mt. Lakes, N. J. S. Ballantine 3950

JCX Naha, Japan 3950

3956 Paris, France 3953
3996 | YZ Issy-les-Moulineaux, France 3998
FL Paris, France 3998

JKV Kanazawa, Japan 4000

SQBP Pernambuco, Brazil 4000

SQBQ Pernambuco, Brazil 4000

4012 | WLC Rogers, Mich. Michigan Limestone Co. 4010
S U. S. Government 4015

4020 | — U. 8. Government 4017
= U. 8. Government 4020

4028 | —— U. S. Government 4025
. | U. S. Government 4030

4044 | KOG Honolulu, Hawaii Mutual Telephone Co. 4044
| U. 8. Government 4045

4052 | —— | U. 8. Government 4050
KFVA 88 Idalia E. R. Parker 4052

U. 8. Government 4055

JHL Hiroshima, Japan 4050

4060 | — U. 8. Government 4060
4068 | —— U. 8. Government 4065
e - U. 8. Government 4070

4076 | —— U. 8. Government 4075
— U. 8. Government 4080

JBD Keijo, Japan 4080

4084 | —— U. 8. Government 4085
4092 | —— U. 8. Government 4090
4100 | 8XA Any Ford plane Ford Motor Co. 4100
IDM 4100

| Rhodes, Italy
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| Call [ | Fre-
Channel| Letters Location of Transmitter Ouwner quency
4100 | JYD | Tokyo, Japan | 4100
4108 I U. S. Government 4105
— Yucatan 4110
JPP Tokyo, Japan 4110
4132 | — U. S. Government 4135
4140 | KHM Lihue, Hawaii Mutual Telephone Co. 4144
KHO Kaunakakai, Hawaii Mutual Telephone Co. 4144
KHL Wailuku, Hawail Mutual Telephone Co. 4144
KLN Hilo, Hawaii Mutual Telephone Co. 4144
4148 | JKF Kuji, Japan (Proposed) 4150
4156 | —— U. S. Government 4155
4204 | —— U. 8. Government 4205
4220 | KHAI Airplane C-6368 Western Air Express 4224
KHAG Airplane C-5177 Western Air Express 4224
KHAJ Airplane C-4458 Western Air Express 4224
KGHY Mills Field, San Francisco, Calif.| Western Air Express 4224
4228 | JEW Ossaka, Japan | 4230
4236 | —— U. S. Government 4235
4252 | WRB Miami, Fla. W. G. Watts, Jr. 4250
WRP Pinecrest, Fla. W. G. Watts, Jr. 4250
— U. 8. Government, 4255
4268 | —— U. S. Government 4265
4276 | 1XAC Providence, R. I. CE Mig. Co. 4280
6XT San Francisco, Calif. C. L. Watson & R. C. Gray 4280
2XQ New York, N. Y. Univ. Wireless Commun. Co. | 4280
9XC Chicago, 111 Univ. Wireless Commun. Co. | 4280
2XDY Jersey City, N. J Walter C. Von Brandt 4280
3XE Baltimore, Md. Baltimore Radio Show 4280
IDZ | Rome, Italy 4280
4284 | —— Cadiz, Spain 4286
e Matagorda, Spain 4286

4292 | SQAT Campina Grande, Parahyba,
Brazil 4290
JBK Kogoshima, Japan 4290
SQAS Rio Branco, Pernambuco, Brazil 4290
SQAU Parahyba, Brazi 4290
SQAR Recife, Pernambuco, Brazil 4290
SQBS Limoeiro, Pernambuco, Brazil 4290
— U. S. Government, 4295
4300 | —— U. 8. Government 4300
4308 | — U. S. Government 4305
4316 | —— U. 8. Government, 4310
4348 | IMPA Saishu, Japan 4350
4364 | —— U. 8. Government, 4365
4372 | — U. 8. Government 4370
—_— U. 8. Government 4375
4380 | —— U. 8. Government 4380
4388 | —— R U. 8. Government 4385
4396 | KHAS Airplane Maid of Detroit H. G. McCarroll 4400
4405 | WFB Airplane’ Floyd Bennett Cmdr. Richard E. Byrd 4405
WFF Airplane Fokker Cmdr, Richard E. Byrd 4405
WFC Airplane Fazrehild Crmdr. Richatd E. Byrd 4405
KFK (Portable) Cmdr. Richard E. Byrd 4405
WFA (Portable) Cmdr. Richard E. Byrd 4405
WFE (Portable) Cmdr. Richard E. Byrd 4405
WFD (Portable) Cmdr, Richard E. Byrd 4405
4425 | —— U. 8. Government 4430
4435 | —— U. 8. Government, 4435
—— U. 8. Government 4436
—_— U. 8. Government, 4440
4445 | — U. 8. Government 4445
JMCA Mokpo, Japan 4450
4505 | KWV Bakers Field, Calif. Pacific Air Transport 4510
4515 | KTF Midway Island Mackay Radio & Teleg. Co. 4515
4525 | —— . 8. Government 4525
0AQ Nipigon, Ont. 4530
| 9AI Toronto, Ont. { 4530
4535 | 6XAI Los Angeles, Calif. Los Angeles Radio Club 4540
8XF Cleveland, Ohio Radio Air Service Corp. 4540
4545 | RZM Monrovia, Liberia 4550
4565 | RZP Cape Palmas, Liberia | 4570
4575 | 9XAD Chicago, Ill. [ J. G. Branch 4575
4595 | WGT San Juan, P. R. Radio Corp. of America 4593
2XBA Newark, N. J. WAAM Ine. 4600
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Call Fre-

Channell Letters Location of Transmitter Owner quency
4595 | —— Halifax, N. S. 4600
— Charlottetown, P. E. 1. 4600

= Sherbrooke, P. Q. 4600

— Ottawa, Ont. 4600
XWCB Camp Borden, Canada 4600

—_— Hamilton, Ont. 4600

e Chatham, Ont. 4600

_ Port Arthur, Ont. 4600

b Regina, Sask. 4600
XWBC Edmonton, Alta. 4600

—_ Victoria, B. C. 4600

— Boko, Japan (Proposed) 4600

—_— Tainan, Ia%n (Proposed) 4600

4685 | 2XE Richmond Atlantic Brdestg. Corp. 4685
SQAP Belem, Brazil 4690

SQAQ Arumanduba, Brazi] 4690

4695 | 1XAB Portland, Me. H. P. Rines 4700
—_— Boko, Japan (Proposed) 4700

e Tainan, Japan (Proposed) 4700

DF Winnipeg, Man. 4700

DE Hudson, Ont. 4700

DP The Pas, Man. 4700

DA Cold Lake, Man. 4700

UL Managua, Nicaragua 4700

4755 | SQBI Recife, Pernambuco, Brazil 4760
4765 | SQBT Serra Grande Alagoas, Brazil 4760
4835 | G5DH Dollis Hill, England 4835
— Taihoku, Japan (Proposed) 4840

4895 | JEW Osaka, Japan 4900
uQ Bluefields, Nicaragua 4900

4805 | 9XU Council Bluffs, Iowa Mona Motor Oil Co. 4910
4915 | CF Drummondyville, P. Q. 4916
JEW QOsaka, Japan 4920

4935 | CG Drummondyville, P. Q. 4937
4975 | AGC Nauen, Germany 4975
4985 | UOG Vienna, Austria 4983
IDX Asmara, Italy 4990

ISL Afgoi, Ttalian Somaliland 4990

4995 | CF Drummondville, P. Q. 4997
3XL Bound Brook, N. J. Radio Corp. of America 5000

e Warsaw, Poland 5000

_ Lwow, Poland 5000

JPS Sapporo, Japan 5000

5045 | JFBB Giran, Japan 5050
5055 | —— Spain 5060
5065 | JBD Keijo, Japan 5070
5095 | WKA East Pittsburgh, Pa. Westinghouse Elec. & Mfg. Co..| 5100
uw Cape Gracias, Nicaragua 5100

5115 | JCX Naha, Japan (Proposed) 5120
5136 | —— Spain 5140
51556 | KWT Palo Alto, Calif. Mackay Radio & Teleg. Co. 5160
5165 | JHL Hiroshima, Japan 5170
Nauen, Germany 5170

5245 | JPP Tokyo, Japan 5250
Managua, Nicaragua | Emergency & Special Service | 5250

5255 | XMT Mobile on Railroad, China 5260
5265 | JPP Tokyo, Japan 5270
5295 | —— Chosi, Japan (Proposed) 5300
P Managua, Nicaragus Emergency & Special Service | 5300

5345 | JKV Kanazawa, Japan 5350
5355 | GBM Leafield, England 5355
— Oxford, England 5360

JKV Kanazawa, Japan 5360

5395 | JKF Kuji, Japan (Proposed) 5400
5405 | —— Chigiqui, Panama Tropical Radio Teleg. Co. 5410
5445 | —— Riga, Latvia 5450
IDO Rome, Ital 5450

JRTS Tientsin, China 5450

54556 | JEW QOsaka, Japan 5460
5485 | CA Geizers Hill, N. 8. 5490
5495 | JYZ Tokyo, Japan 5500
e 88 Fort James, Canada 5500

5525 | WRL Duluth, Minn. Radio Corp. of America 5525
WCY Cleveland, Ohio Radio Corp. of America 5525

WGO South Chicago, Ill. 11l. Radio Corp. of America | 5525

5540 | KRK Palo Alto, Calif. Mackay Radio & Teleg. Co. 5533
5555 | 7X0 Seattle, Wash. Northwest Radio Service Co. | 5550
2XBH Brooklyn, N. Y. Charles G. Unger 5550
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Call l Fre~
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5570 | WME Duluth, Minn. I Intercity Radio Teleg. Co. 5570
DI Detroit, Mich. Intercity Radio Teleg. Co. 5570
WAM Buffalo, N. Y. Intercity Radio Teleg. Co. 5570
WTL Cleveland, Ohio Intercity Radio Teleg. Co. 5570
HD New York, N. Y. | New York Times Co. 5570
5600 | WSL Sayville, N. Y. Mackay Radio & Teleg. Co. 5600
FE Portable Cmdr. Richard E, Byrd 5600
WFA Portable Cmdr. Richard E. Byrd 5600
KFK Portable Cmdr. Richard E. Byrd 5600
WFED Portable Cmdr. Richard E. Byrd 5600
WEFC Airplane Fairchild Cmdr. Richard E. Byrd 5600
WEF Airplane Fokker Cmdr. Richard E. Byrd 5600
WFB Airplane Floyd Bennett Cmdr. Richard E. Byrd 5600
| WQBM SS Albacore State of California 5600
AFJ Konigs Wiisterhausen, Germany 5607
5615 | —— Nauen, Germany 5610
WDI Detroit, Mich. Intercity Radio Teleg. Co. 5615
WTL Cleveland, Ohio Intercity Radio Teleg. Co. 5615
WAM Buffalo, N. Y, Intercity Radio Teleg. Co. 5615
WME Duluth, Minn. Intercity Radio Teleg. Co. 5615
5645 | KCZ Riga, Latvia 5643
| ICJ Benghazi, Italy 5650
WFE Portable Cmdr. Richard E. Byrd 5650
WFD Portable Cmdr. Rickard E. Byrd 5650
| KFK Portable Cmdr. Rickard E. Byrd 5650
WFA Portable Cmdr. Richard E. Byrd 5650
WEB Airplane Floyd Benneté Cmdr. Richard E. Byrd 5650
| WEF Airplane Fokker Cmdr. Richard E. Byrd 5650
WEFC Airplane Fairchild Cmdr. Richard E. Byrd 5650
6XAD Avalon, Calif, Laurence Mott 5650
5660 | PCH Scheveningen, Holland 5660
5675 | DAN Norddeich, Germany 5670
5690 | 8XAL Harrison, Ohio Crosley Radio Corp. 5690
5705 | —— U. S. Government, 5700
—_— SS Fort James, Canada 5700
5720 | SAS Karlsborg, Sweden 5714
GKS Dollis Hill, England 5715
GK Dollis Hill, England | 5715
KH Kaunakakai, Hawaii Mutual Telephone Co. 5720
KHM Lihue, Hawaii Mutual Telephone Co. 5720
KHL Wailuku, Hawaii Mutual Telephone Co. 5720
KLN Hilo, Hawaii Mutual Telephone Co. 5720
| PWH Preston, Cuba Tropical Radio Teleg. Co. 5720
5765 Spain 5760
| WKK Ceiba, P. R. Bureau of Insular Affairs 5766
WwWGwW Viequas, P. R. Bureau of Insular Affairs 5766
XMH Peking, China 5770
| UF Barrios, Guatemala Tropical Radio Teleg. Co. 5770
ucC Tela, Sp. Honduras Tropical Radio Teleg. Co. 5770
5795 | KMN San Francisco, Calif. State of California 5800
NG (Portable) Calif. State of California 5800
DIZ Konigs Wiisterhausen, Germany 5800

| ,
5840 | KRO 1 Kahuku, Hawaii Radio Corp. of Amerioa 5840
5885 | KJK King Cove, Alaska Pacific Amer. Fisheries 5880
KWR Port Moller, Alaska Pacific Amer. Fisheries 5880
| KXW Ikatan, Alaska . Pacific Amer. Fisheries 5880

SQCP Belle Horizonte, Minas Geraes, |
Brazil 5880
—— Spain 5880

| SQCQ Juiz de Fora, Minas Geraes, |
Brazil 5880
SQCR | Rio de Janeiro, Brazil 5880
5900 | —— Kootwijk, Holland { 5900
5915 | —— U. S. Government 5920
—_— Kootwijk, Holland 5920
5930 | — U. 8. Government 5925
— U. S. Government 5930
—— U. S. Government | 5935
5945 | —— U. S. Government, | 5940
— U. S. Government | 5945
KOG Honolulu, Hawaii Mutual Telephone Co. 5945
— | U. 8. Government 5950
5060 | —— | | U. 8. Government 5955
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5960 | —— ‘ U..8. Government 5960
DR Red Lake, Ont. 5960

DQ Woman Lake, Ont, 5960

DO Gold Pines, Ont. 5960

DP Provineial Air Base, Ont. 5960

9BH Cat Lake, Ont. 5960

9BG ‘ Savant Lake, Ont. 5960

9BF Timagami, Ont. 5960

9BD Long Lake, Ont. 5960

9AZ Maple Mount, Ont. 5960

5890 | HF Moose Jaw, Canada 5990
HG Saskatoon, Sask. | 5990

KND Cambridge, Mass. The Texas Co. 5996

WBZ Springfield, Mass. Westinghouse Elec. & Mfg. Co.! 5996

6005 | KWT Palo Alto, Calif. Mackay Radio & Teleg. éo 6000
90Q Toronto, Ont. 6000

9AQ Nippigon, Ont. 6000

C3BE Santiago, Chile 6000

0C4 Tientsin, China 6000

ICK Tripoli, Italy 6000

C3CH Santiago, Chile 6000

OCPE Port Etienne, Fr. West Africa 6000

6050 | KRP Salt Lake City, Utah ’ Western Air Express 6057
KMV Los Angeles, Calif. Western Air Express 6057

6065 | KNR Las Vegas, Nev. Western Air Express 6060
XMP Mobile on Railread, China 6060

TFA Reykjavik, Iceland 6061

SAD Sweden 6060

SASH Motala, Sweden 6066

—— Vienna, Austria ! 6072

6095 | KJI Bristol Bay, Alaska - Nakat Packing Corp. 6100
KNR Clearwater, Calif. Mackay Radio & Teleg. Co. 6100

KZN Waterfall Cannery, Alaska Nakat Packing Corp. 6100

KLW Port Althorp, Alaska Deep Sea Salmon Co. 6100

UL Managua, Nicaragua 6100

6125 | SQH Amazonas, Brazil 6120
ICF Ttaly | 6120

| — | Mezxico I 6122

6155 | CFTS Toronto, Ont. | | 6150
6185 | ICK | Italy | 6180
KCE Riga, Latvia 6185

6200 | HBC Berne, Switzerland 6200
6215 | VAJ | Prince Rupert, B. C. 6210
- | British Columbia, Canada 6218

6245 | KWT | Palo Alto, Calif | Mackay Radio.& Teleg. Co. 6240
KSZ McCarney, Texas | Texas Pipe Line Co. 6240

KYI Kings Mill, Texas Texas Pipe Line Co. 6240

STSM Sweden 6250

QE Amazonas, Braz:l | 6250

6275 | WRL | Duluth, Minn. Radia Corp. of America 6275
WCY | Cleveland, Ohio Radio Corp. of America 6275

WGO | South Chicago, IlI. Ill. Radio Corp. of America ‘ 6275

6305 | T Victoria, B. C. | 6310
6320 | UA | Pto. Castilla, Sp. Honduras Tropical Radio Teleg. Co. | 6320
[ — British Columbia, Canada 6316

6350 | KHAH Airplane Greater Rockford Bert Hassell 6350
| == | New Zealand 6356

6365 | WHD New York, N. Y. New York Times Co. 6365
6380 | KTA Guam, Mariana Island Mackay Radio & Teleg. Co. 6379
[ SUC | Cairo, Egypt 6379
KGH Hillsboro, Oregon Mackay Radio & Teleg. Co. 6380

GHQ Dollis Hill, England 6380

| SUW | Abu Zabal, Egypt 6380
CRG El General, Costa Rica 6380
DSNP Denmark 6380

ICX Italy 6380

SPM Finland 6380

RFL Russia 6380
KZCN Cebu, P. 1. 6380

KPI Cebuy, P. 1. 6380

KIF Davao, P. 1. 6380
G5DH | Dollis Hill, England 6383

SDA San Salvador 6383

6410 | SUW Cairo, Egypt 6410
6425 | 3XK Washington, D. C. Jenkins Laboratories 6420
1XAC Providence, R. 1. . Mfg. Co. 6425
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6455
6515

6530
6545

6575

6605
6620

6635
6665

6680
6695

6710
6725

6740

6755

6770

6785

TSB

Fre-
Location of Transmitter Cuwner |quency
Russia I 6450
Pasay, . 1. 6448
Medford, Oregon Pacific Air Transport 6510
Fresno, Calif. Pacific Air Transport 6510
Mexico City, Mexico 6518
Stockholm, Sweden 6518
Tegucigalpa, Honduras Tropical Radio Teleg. Co. 6520
Florianopolis, Brazil 6520
England 6520
Holland 6520
Italian Somaliland 6520
Russia 6520
Egypt 6525
Lone Pine, Calif. State of Calif. 6550
Los Angeles, Calif. State of Calif. 6550
Portable Cmdr. Richard E. Byrd 6580
Portable Cmdr. Richard E. Byrd 6580
Portable Cmdr. Richard E. Byrd 6580
Portable Cmdr. Richard E. Byrd 6580
Airplane Floyd Bennett Cmdr. Richard E. Byrd 6580
Airplane Fokker Cmdr. Richard E. Byrd 6580
Airplane Fairchild Cmdr. Richard E. Byrd 6580
Borger, Texas Marland Pipe Line Co. 6600
Ponca City, Okla. Marland Pipe Line Co. 6600
Sweden 6620
Germany 6625
Denmark 6637
Los Angeles, Calif. Pacific Air Transport 6660
Vancouver, Wash. Pacific Air Transport 6660
Wichita Falls, Tex. Texas Pipe Line Co. 6660
Birmingport, Ala. Inland Waterways Corp. 6660
Northbrook, I11. Wireless Teleg. & Comm. Co. | 6660
Tripoli 6660
Norway 6660
France 6660
France 6660
Russia 6660
France 6660
Merida, Yucatan 6663
Tunis, Tunisia 6663
San Salvador 6667
Costa Rica 6667
Ireland Experimental Stations 6667
Airplane Roma Cesare Sabelli 6670
Baltimore, Md. Geo. E. Sterling 6670
Santiago, Chile 6670
Rome, Italy 6670
Nauen, Germany 6680
Manila, P. 1. 6680
Ottawa-Hudson Straits Stations,
an. 6690
Ottawa-Hudson Straits Stations,
an. 6690
Ottawa-Hudson Straits Stations,
an. 6690
Winnipeg, Man. 6700
Nauen, Germany 6700
Rocky Point, N. Y. Radio Corp. of America 6710
Dearborn, Mich. Ford Motor Co. 6720
Rocky Point, N. Y. Radio Corp. of America 6725
Russia 6725
Legaspi, P. 1, 6737
Rome, Italy 6740
Rio de Janeiro, Brazil 6740
Honduras 6740
Rocky Point, N, Y. Radio Corp. of America 6740
Ocean Township, N. J. Amer. Tel. & Tel. Co. 6755
Baghdad Iraq 6750
Kigbrooke, England 6750
Drummondville, P. Q. (Receiv-
ing) 6756
Digby Island, B. C. . 6760
Hialeah, Florida Tropical Radio Teleg. Co. 6770
Mobile, Alabama Tropical Radio Teleg. Co. 6770
Nauen, Germany 6770
S8 San Francisco, Sweden 6783
Boston, Mass. Tropical Radio Teleg. Co. 6785
New Orleans, La. Tropical Radio Teleg. Co. 6785
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6785 | —— Spain 6790
6800 | XDF Mexico 6800
6815 | KZA Inglewood, Calif. Jay Peters 6810
KXB Inglewood, Calif. Jay Peters 6810
KOQ Houston, Texas Humble Pipe Line Co. 6810
KZCP Manila, P. 1. 6814
KPM Iloilo, P. 1. 6814
UR Costa Rica 6814
GFA England 6814
SAA Sweden 6814
AEX Germany 6814
GFH England 6814
KTA Guam, Mariana Island Mackay Radio & Teleg. Co. 6814
KHD Quadra, Alaska Alaska Consol. Canneries 6814
KNW Palo Alto, Calif. Mackay Radio & Teleg. Co. 6815
CF Montreal, P. Q. 6815
DIZ Konigs Wusterhausen Germany 6820
= Warsaw, Polan 6820
6830 | —— Pernambuco, Brazil 6830
CF Drummondville, P. Q. 6830
CG Drummondville, P, Q. 6830
CJ Drummondyville, P. Q. 6830
6845 | KEN Bolinas, Calif. Radig Corp. of America 6845
—_— Spain 6840
EWHB Budapest, Hunga.ry 6850
VAK Gonzales Hill, B. C. 6850
6860 | KEL Bolinas, Calif. Radio Corp. of America 6860
6875 | 6XU Bolinas, Calif. Radio Corp. of America 6875
KTA Guam, Mariana Island Mackay Radio & Telez. Co. 6877
8890 | WGX San Juan, P. R Radio Corp. of Ameriea 6890
KOS Pampa, Texas Humbhle Pipe Line Co. 6890
KPI Cebu, P. 1. 6897
6905 | WLI Cleveland, Ohio J. P. Burton Coal Cp. 6900
WLG Bypro, Ky. The By-Products Co. 6900
DIZ Konigs Wlsterhausen Germany 6900
VAI Point Grey, B 6900
6920 | WEE Rocky Point, N. Y Radio Corp. of America 6920
6935 | WEB Rocky Point, N. Y. Radio Corp. of America 6935
2XAS Rocky Point, N. Y. Radio Corp. of America 6935
KTF Midway Island Mackay Radio & Teleg. Co. 6940
SAD Sweden 6942
6950 | WKP Rocky Point, N. Y. Radio Corp. of America 6950
GFJ Kidbrooke, England 6950
$965 | DIZ Konigs Wusterhausen, Germany 6960
WIZ New Brunswick, Radio Corp. of America 6965
6980 | KZAM Surigao, P. I. 6973
OCAG Agades, Niger, Fr. West Africa 6976
OCZI Smder Niger, Fr. West Africa 6076
LAIM Qslo, Norway 6977
SAS Karlsborg, Sweden 6977
LALE Bergen, Norway 6977
C2AY Vina del Mar, Chlle 6980
SQBG Sao Paulo, Brazil 6980
6995 CT L'Anse, Mich. Ford Motor Co. 6990
e Quebec, P. Q. 7000
KZBT Butuan, P. 1. 6990
7010 | KZTL Tolong, P. 1. 7005
7040 | SQCL Brazil 7040
7055 | HIG Bogota, Colombia 7055
JBK Kagoshima, Japan 7050
_— Rio de Janeiro, Brazil 7050
TFA Reykjavik, Iceland 7059
FUA Tunis, Tunisia l 7059
C2BE Vina del Mar, Chile 7060
7070 | —— Rio de Janeiro, Brazil 7067
JRK Kagoshima, Japan 7070
7130 | ISZ Alula, Italy 7130
7145 | SGT 88 Suecia, Sweden 7139
C2AC Vina del Mar, Chile 7140
VIT Australia 7140
VIM Melbourne, Australia ' 7140
VIP Australia 7140
VIS Sydney, Australia 7140

CRQ Puntarenas, Costa Rica
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7145 , — Cuba I 7140
e Yucatan 7140

OCTO Tahoua, Fr. West Africa 7142

vIZ British East Indies | 7143

RTRL Russia | 7143

7160 | RRP 7156
7205 { JAN Tokyo, Japan 7200
— Nauen, Germany I 7200

7250 | AGJ Germany 7250
7265 | FW France 7260
7280 | SBM S8 Fylgia, Sweden 7277
7295 | OCKI Kidal, Fr. Sudan 7300
JES Osaka, Japan 7300

XVX Papiete, Tahiti, Fr. Oceania 7300

7310 | IQB Fiume, Italy 7310
KZMM Mapnila, P. I 7313

LA1V Tromsoe, Norway 7317

7325 | C2A8 Vina del Mar, Chile 7320
—_ Warsaw, Poland 7320

JES Osaka, Japan 7320

SQW Altamira, Para, Brazil 7320

UR Cartago, Costa Rica Tropical Radio Teleg. Co. 7320

10B Italy 7320

FrQ France 7320
SMHA Sweden 7320

7340 | —— Garden City, New York American Publ. Committee -~ | 7340
DFH Nauen, Germany 7340

7355 | 90B Ottawa, Ont 7350
— Kootwijk, Holland 7350

—_— Boston, Mass. American Publishers Comm, 7355

= Philadelphia, Pa. American Publishers Comm. 7355

7370 | —— New York, N. Y. American Publishers Comm. 7370
7385 | OCRU Rufisque, Tr. Equatorial Africa 7385
UOK Deutsch- Altenburg, Austria 7389

7400 | WEM Rocky Point, N. Y. Radio Corp. of America 7400
KHAS Airplane Maid of Detroit H. G. McCarroll 7400

— Taihoku, Japan (Proposed) 7400
OCBA Bamalko, Fr. Sudan 7407

7415 | KKH Kahuku, Hawaii Radio Corp. of America 7415
7430 | KGR Seattle, Wash. Robert Dollar Co 7430
KGS Honolulu, Hawaii Robert Dollar Co. 7430

KGX Los Angeles, Calif. Robert Dollar Co. 7430

WGA New York, N. Y. Robert Dollar Co. 7430

| KGQ San Franclsco Calif. Robert Dollar Co. 7430

7445 | KGR Seattle, Wash. Robert Dollar Co. 7445
KGS Honolulu, Hawaii Robert Dollar Co. 7445

KGX Los Angeles, Calif. Robert Dollar Co. 7445

WGA New York, N. Y. Robert Dollar Co. 7445

KGQ San Francisco, Calif. Robert Dollar Co. 7445

JAN Tokyo, Japan 7450

= Horomushiro, Japan (Proposed) 7450

7460 R~ France 7465
AGC Germany 7465

ANC Java 7465

7475 | PKI Java 7480
7490 | FW St. Assise, France 7496
KGCT SS Petaluma, USA P. & Santa Rosa Ry. Co. 7496
KGDQ SS Faith USA Walden W. Shaw 7496
KFUH S8 Kaimiloa, USA M. R. Kellum 7496

7505 | CF ‘ Drummondyville, P. Q. 7500
CG Drummondville, P. Q. I 7500

cQ Drummondville, P. Q. 7500
XWBD Fort Smith, N. W. T. 7500
XWBF Aklavik, N. W, T. 7500

=== Halifax, N. S. 7500

— Charlottetown, P. I8, | 7500

= St. John, N. B. 7500
Ottawa, Ont. 7500

XWCB Camp Borden, Ont. 7500

— Toronte, Ont. 7500

—_ | Hamilton, Ont. 7500

Port Arthur, Ont. 7500

XWAC ‘Winnipeg, Man. 7500

—_ Regina, Sas 7500

— Moose Jaw, Sask. 7500
Calgary, Alta. 7500

Edmonton, Alta. 7500

| JoC | Ochushi, Japan 7500
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7505 | LVF Flores, Guatemala 7500
FSQ Sainte Aassise, France 7500

B&2 Belgium 7500

I8V Italian Somaliland 7500

OCDB Abyssinia 7500

SQCL Brazil 7500

PB9 Holland 7500

7MN Cuba 7500

— Mexico 7500

JFBB Japan 7500

BAM Tahiti 7500

7520 | WEG Rocky Point, N, Y. Radio Corp. of America 7520
7535 | DIY Konigs Wiisterhausen, Germany 7537
7565 | —— Chiriqui, Panama. Tropical Radio Teleg. Co. 1 7560
AFU Konigs Wiisterhausen, Germany 7560

RZA Monrovia, Liberia 7570

7595 R La Dona, France 7595
JFBB Giran, Japan 7600

UL Managua, Nicaragua 7600

OCLY France 7600

7610 | —— Nauen, Germany 7610
7625 | —— Milwaukee, Wis. American Publishers Comm. 7625
—_— Los Angeles, Calif. American Publishers Comm. 7625

7640 | —— Washington, D. C. American Publishers Comm. 7640
_— New York, N. Y. American Publishers Comm. 7640
OCDB Jibuti, Fr. Somaliland 7633

7670 | —— Snyvnlle, N. Y. Mackay Radio & Teleg. Co. 7670
7685 | 4JE San Juan, P. R. 7688
— Nauen, Germany 7690

JPP Tokyo, Japan 7690

SQCL Sao Paulo, Brazil 7690
OCDB Abyssinia. 7690

X Italy 7690

—_— Mexico 7690

XOM China 7690

PWA Cuba 7690

e Denmark 7690
OCMV France 7690
OCRU Africa 7690

HZU Port Gentil 7692

7700 | JPP Tokyo, Japan 7700
JYB Tokyo, Japan 7700

UQ Bluefields, Nlcaragud . 7700

7715 | KEE Bolinas, Radio Corp. of America 7715
BYA ‘Whitehall, England . 7720

7730 | —— Sayville, N. Y. Mackay Radio & Teleg. Co. 7730
— Kootwuk Holland 1 7732

7745 | KNW Palo Alto, Calif. Mackay Radio & Te eg. Co. 7745
7760 | KNN Honolulu, Hawaii Mackay Radio & Teleg. Co. 7760
Kootwijk, Holland 7765

7775 | WMU Elizabeth, N. J. Standard Qil Co. of N_ J. 7775
WTF Akron, Ohio Firestone Plantations Co. 7775

7790 | B82 Brussels, Belgium 7790
XDA Mexico 7790

AND Java 7790

FUE France 7790

0XZ Denmark 7790

P Buenos Aires, Argentine 7790

7805 | JRV Saipan, Japan 7800
— Nauen, Germany 7800

uw Cape Gracias, Niearagua 7800

FwW France 7800

7820 | —— Chieago, Il American Publishers Comm. 7820
DFT Nauen, Germany i 7820

7835 | —— New York N.Y. American Publishers Comm. 7835
_ Kootwijk, Hoiland 7835

7850 | —— Floral Park, N. Y. American Publishers Comm. 7850
7865 | SUX Abu Zabal, Egypt (Proposed) 7860
7880 | —— Drummond\nlle, Qr 7880
7895 | KFUH SS Kaimiloa M. R. Kellum 7890
C3AN Santiago, Chile 7890

JPS Sapporo, Japan 7890

ISL Afgol, Itallan Somaliland 7890

C2BK Valparaiso, Chile 7890

SQK Maraba, Para Brazil 7890

SQY Comceigao de ‘Araguaya, Brazil 7890

SQZ Soure, Brazil 7890

CF Drummondville, P. Q. 7890
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7895 | CG Drummondville, P. Q. 7890
CJ Drummondyville, P. Q. 7890

— Mexicali 7890

VQF Sarawac 7890

PKH Java 7890

7895 | IST Afgoi, Italian Somaliland 7895
1SQ Afgoi, Italian Somaliland 7895

3XQ Mt. Lakes, N. J. Stuart Ballantine 7900

HBC Berne, Switzerland 7900

— Nauen, Germany 7900

JPS Sapporo, Japan 7900

— Emergency & Spec. Service Nic. 7900

7910 | DFP Nauen, Germany 7910
7925 | —— New York, N. Y. American Publishers Comm. 7925
7940 | GLM Dorchester, England 7940
7955 | —— Chicago, Il American Publishers Comm. 7955
DGL Nauen, Germany 7960

7985 | — Nauen, Germany 7980
FL France 7980

8000 | XFZQ SS Robador, USA Robert Law, Jr. 7995
AND Java 7995

6XAS Calif. (Portable) Culver City Ra. Elec. Co. 8000

Cl1AH Chuquicamata, Chile 8000

C3AD Santiago, Chile 8000

C2BJ Valparaiso, Chile 8000

C2BM Quilpue, Chile 8000

JKV Kanazawa, Japan 8000

JBR Siberia, Maru, Japan 8000

XKY Kwaiyang, China 8000

XRO Chungking, China 8000

C3CK Rancagua, Chile 8000

HBC Berne, Switzerland 8000

SDA San Salvador 8000

—_— Mexico 8000

ANF Java 8000

XOM China 2000

GLK Dorchester, England 8005

8015 | WLC Rogers, Mich, Mich. Limestone Co. 8010
8030 | —— U. 8. Government 8030
_ U. 8. Government 8034

8045 | —— U. 8. Government 8040
—_ U. 8. Government 8050
WCFL Chicago, Ill. Chicago Fed. of Labor 8050

HIG Bogota, Colombia 8050

8060 U. 8. Government 8060
8075 | KNN Homnolulu, Hawaii Mackay Radio & Teleg. Co. 8075
8090 | —— U. 8. Government 8090
8105 | 6XT7 Los Angeles, Calif. Calvin J. Smith 8100
wWJID ew York, N. Y, International News Service 8100

XUY Bear Creek, Alaska New York-Alaska Gold Dredg-

ing Co. 8100

S U. 8. Government 8100
KGBT SS Enchantress S. F. Wainwright 8103
KFVM S8 Idalia E. R. Parker 8103
KFHW S8 Poipsettia Walter W. Horne 8103
KGBB 88 Sachen R. B. Metcalf 8103

S U. 8. Government 8110

GKT Bunham, England 8110

C2BL Valparaiso, Chile 8110

C1AIl Chuquicamata, Chile 8110

KAV Norddeich, Germany 8110

8120 U. 8. Government 8120
—_ Manila, P, I. 8120

8135 | —— U. S. Government 8135
s U. 8. Government 8140

8150 | —— U. 8. Government, 8150
UR Cartago, Costa Rica Tropical Radio Teleg. Co. 8150

QIC Ship, Austria 8150

8165 | —— U. 8. Government 8160
—_— U. 8. Government 8170

DGV Nauen, Germany 8170

8180 | —— Kootwijk, Holland 8174
DIX Konigs Wiisterhausen, Germany 8179

— U. 8. Government 8180

8195 | VDB Esquimalt, Canada 8190
8210 | KGH Hillsboro, Oregon Mackay Radio & Teleg. Co. 8210
prm— U. 8. Government, 8210
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8210 | GKT Burnham, England 8210

ME5 Matagalpa, Nic. (Proposed) 8210
ME7 Ocotal, Niec. (Proposed) 8210
BLF Bluefields, Nicaragua 8210
CAB Puerto Cabezas, Nicaragua 8210
F8M (Aviation) Nicaragua 8210
GLKY S8. Carinthia, England | 8214
C3BG Santiago, Chile 8220
= exico 8220
ANF Java 8220
FUT France 8220
SAV Sweden 8220
8230 | GKS Dollis Hill, England 8230
HIK Barahona, San Domingo 8237
WJD New York, N. Y. New York Times Co. 8230
8250 | SAB Goteborg, Sweden 8242
8270 | —— U. 8. Government 8270
IR1 Italy 8275
SPC Brazil 8280
8290 | —— Konigs Wiisterhausen, Germany 8300
HBC Berne, Switzerland 8300
UL Managua, Nicaragua 8300
8310 | —— U. S. Government, 8310
IDX Asmara, Italy 8320
8330 | KTA Guam, Mariana Island Mackay Radio & Teleg. Co. 8328
DAN Norddeich, Germany 8330
KCR Riga, Latvia 8330
FQ Leopoldyville, Congo, Belgium 8330
C2B0O Vina del Mar, Chile 8330
OCRB Morocco 8330
PCMM Holland 8330
XVX P'lpeete, Ta.hm French Oceania 8333
8370 | WME Duluth, Minn, Intercity Radio Teleg. Co. 8370
WDI Detroxt Mich. Intercity Radio Teleg. Co. 8370
WAM Buﬁalo, N. Y. Intercity Radio Teleg. Co. 8370
TL Cleveland, Ohio Intercity Radio Teleg. Co. 8370
8390 | WRL Duluth, Minn. Radio Corp. of America 8385
WGO South Chlcago, 1L Jll. Corporation of America 8385
WCY Cleveland, Ohio Radio Corp. of America 8385
_— Konigs Wﬁsterhausen, Germany 8400
UuQ Bluefields, Niearagua 8400
8410 | —— U. S. Government, 8410
8430 | FUT Toulon, France 8422
WSL Sayville, N. Y. Mackay Radio & Telez. Co. 8425
SNNI Rio de Janeiro 8437
8450 | PCRR Sgravenhage, Holland 8446
UR Costa Rica 8450
BZC England 8450
RKU Russia 8450
ICF Italy 8450
8470 | —— U. S. Government 8470
-—— Nauen, Germany 8480
8490 | G5DH England 8495
PCH Scheveningen, Holland 8499
W Cape Gracias, Nicaragua 8500
GCA England 8500
8510 | —— U. S. Government 8510
RXY SS City of San Francisco 8518
8530 | —— U..S. Government, 8530
8550 | SQI Brazil 83540
OCKO Cotonou, Dahoney, Ir. W.
Africa 8550
8570 | KIFUH S8 Kaimiloa, USA M. R. Kellum 8566
BZE Matura Ceylon British Naval Station 8566
BYZ Rinella, Malta British Naval Station 8566
H Santiago, Chile 8566
OCRB Morocco 8566
ASD iSS Bergsdalen, Norway 8566
BZF “Aden Somaliland British Naval Station 8566
BXW Seletar, Smgapore British Naval Station B566
CKN Esquimalt, B. 8570
C3AU Santiago, Chile 8570
BXW Seletar Straits Settlements 8570
C2AH Valparaiso, Chile B570
2AA Tientsin, China 8570
RAU Russia B57 0
OCDA Frerich West Africa B570
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8570 | IDB Albania 8570
PCA Holland 8570

2RM Cuba 8570

2JT Cuba 8570

UR Costa Rica 8570

G5DH Dollis Hill, England 8570
Mexico 8570

— Yucatan 8570

1FMH San Salvador 8571

BYC Horsea, England 8571

e Tamatave, France 8571

BXY Hongkong, China 8571

BWW Gibraltar 8571

BYB Whitehall, England 8571

C3CJ Santiago, Chile 8580

8590 | —— U. S. Government 8590
— U. 8. Government, 8600

KWT Palo Alto, Calif. Mackay Radio & Teleg. Co. 8600

8610 | —— U. S. Government 8610
—_ U. 8. Government 8620

CTO Portugal 8620

CKN British Protectorate 8620

8630 | BYB Cleethorpes, England 8630
8650 | 9XC hicago, Il Univ. Wireless Comm. Co. 8650
2XQ New York, N. Y. Univ. Wireless Comm. Co. 8650

3XE Baltimore, Md. Balto. Radio Show, Inec. 8650

6XT San Francisco, Calif. C. L. Watson & R. C. Gray 8650

6XD Portable D. B. McGown 8650

1XAC Providence, R. I. C. E. Manufacturing Co. 8650

2XBY Jersey City, N. J. ‘Walter C. Von Brandt 8650

LPX Monte Grande, Argentine 8645

8670 | DIW Konigs Wiisterhausen, Germany 8670
8690 | PJC Curacao, Dutch West Indies 8690
GLKY S8 Carinthia, England 8690

LPI Buenos Aires, Argentine 8690

C2AK Vina del Mar, Chile 8690

C3CL Santiago, Chile 8700

HBC Berne, Switzerland 8700

HBC Miinchenbuchsee, Switzerland 8700

VWZ India 8700

AYF Venezuela 8700

VIS Australia 8700

8710 | KNN Honolulu, Hawaii Mackay Radio & Teleg. Co. 8720
8730 | —— U. S. Government 8730
— U. S. Government 8740

8750 | —— U. 8. Government 8750
LCHO Oslo, Norway 8750

0OCX Morocco 8750

RZA Monrovia, Liberia 8750

—_— - U. S. Government 8760

8770 | —— U. 8. Government 8770
BXC Nore, England 8770

GBI Grimsby, England 8780

8790 | CF Drummondville, P. Q. 8795
CFH Halifax, Nova Scotia 8795

KHAS Airplane Matd of Detroit, USA H. G. McCarroll 8800

—_ Indig 8800

— England 8800

8810 | WFC Airplane Fairchild Cmdr. Richard E. Byrd 8810
WEF Airplane Fokker Cmdr. Richard E. Byrd 8810

WEB Airplane Floyd Bennett Cmdr. Richard E. Byrd 8810

WFA (Portable) Cmdr. Richard E. Byrd 8810

WFE (Portable) Cmdr. Richard E. Byrd 8810

WED (Portable) Cmdr. Richard E. Byrd <810

KFK (Portable) Cmdr. Richard E. Byrd 8810

IDM Rhodes, Italy 8810

IDO Rome, Italy 8810

PCA Amsterdam, Holland 8818

LGN Norway 8818

GBJ Bodmin, England 8820

CRA San Jose, Costa Rica 8820

SLO Stanleyville, Congo, Belgium 8820

PCUU The Hague, Holland 8820

K Tientsin, China 8820

—_— SS Jervis Bay 8820

XDA Mexico 8820

RKV Russia 8820

VPQ British East Indies 8820
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8810 | FW France 8820
’ 2RO Cuba 8820

CZA Mexico 8820

LPI Buenos Aires, Argentine 8820.

— Yucatan 8820

— Greenland 8820

—_— Mexicali 8820

8830 | 2JG San Salvador 8823
PCUU The Hague, Holland 8824

UR Cartago, Costa Rica Tropieal Radio Teleg, Co. 8830

8850 | KNW Palo Alto Calif. Mackay Radio & Teleg. Co. 8850
— U. S. Government 8860

8870 | —— U. 8. Government 8870
NAZ Managua, Njcaragua 8870

— U. 8. Government 8872

— U. S. Government 8880

8890 | —— U. 8. Government 8890
VNB South Africa 8900

8910 | —— Konigs Wiisterhausen, Germany 8920
LP1 Monte Grande, Argentine 8920

8930 | —— Sayville, N. Y. Mackay Radio & Teleg. Co. 8930
DIV Konigs Wiisterhausen, Germany 8930

8950 | WNBT Elgin, 111 Elgin Nat'l. Watch Ca. 8950
WEL Rocky Point, N. Y. Radio Corp. of America 8950

—— Choshi, Japan (Proposed) 8950

8970 | KNW Palo Alto, Calif. Mackay Radio & Teleg. Co. 8970
8990 | WEC Rocky Point, N. Y. Radio Corp. of America 8990
6XB Bolinas, Calif, Radio Corp. of America 9000

PCA Amsterdam, Holland 9000

JPN Palaos, Japan 9000

UL \’Ianagua Nie. 9000

JRW Jap 9000

€010 | KEJ Bolmas Calif. Radio Corporation of America | 9010
=== Spain 9020

GBS Rugby, England 9020

9030 | KTF Midway Island Mackay Radio & Telegraph Ca.| 9031
CFH Halifax, Nova Scotia 9040

9050 | KHAD Alrplane Zenith Aircraft Corp. 9050
U. 8. Government 9050

CFH Halifax, Nova Seotia 9055

9070 | KNN Honolulu, Hawaii Mackay Radio & Teleg. Co. 9070
9AI Toronto, Ont, 9060

9AQ Nipigon, Ont. 9060

9090 | IDO Rome, Italy 9085
KIXB SS West Cheswald 9085

YZ Issy les Moulineaux, France 9085

VPS Hongkong, China 9085

Santa Marta, Colombia Tropieal Radio Teleg. Co. 9085

HZM Brazzaville, Tr. Equatorial Africa 9090

JES Osaka, Japan 9090

RZA Monrovia, Liberia 9090

SQBE Bahia, Braail 9090

LCHO Norway 9090

occo West Africa 9090

QCDJ Morocco 9090
OCTN France 9090

PJC Curacao, Dutch W. T. 9090

21Q Cuba 9090

2CF Cuba 9090

IDO Italy 9090

CF Drummondyville, P. Q. 9091

CG Drummondville, P. Q. 9091

CJ Drummondville, P. 9091

uJ Santa Marta, Colombia Tropical Radio Teleg. Co. 9100

9110 | —— Manila, P. I. 9110
OCDJ Paris, France 9115

_ Paris, France 9120
Nauen, Germany 9120

SUw Cairo, Egypt 9118

9150 | 6XN Qakland, Calif. General Electric Co. 9145
FL France 9160

9170 | WND Qcean Township, N. J. Amer. Tel. & Tel. Co. 9170
9190 | —— Kootwijk, Holland 9200
UQ Bluefields, Nicaragua 9200

9230 | PCLL Kootwijk, Holland 9225
2YT Poldhu, England 9225

—_— Paris, France 9230

t
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9230 | OCDJ Issy les Moulineaux, France 9230
PCTT Kootwijk, Holland 9240
— Kootwijk, Holland 9240
9250 | GBK Bodmin, England 9260
9270 | —— Spain 9280
9290 | —— Naha, Japan (Proposed) 9300
uw Cape Gracias, Nicaragua 9300
AYG Venezuela 9300
9310 | AYA Venezuela 9320
9330 | CG Drummondyville, P, Q. 9332
CG Quebee, P. Q. 9338
9350 | JCX Naha, Japan 9360
9370 | BIH Paris, France 9369
PTT Brazil 9369
FL Paris, France 9369
VIS Sydney, Australia 9369
ARDI SsC. rsen 9369
8X A0 Detroit, Mich. Station WJR Inc. 9370
ANE Java 9370
JHL Japan 9370
vIC Raboul, New Guinea 9375
2MK uba 9380
5CX Cuba 9380
HVA Tonkin, French Indo-China 9380
H90C Switzerland 9380
Y France 9380
OCNG France 9380
VQF Saraw k 9380
PWA Cuba 9380
—_— England 9380
ANH Java 9380
H9XD Switzerland 9380
JB rica 9380
PCLL Holland 9380
PKD Pokong, Dutch W, I. 9380
PKX Java 9380
OCDJ France 9375
IDO Rome, Italy 9370
LDW Bodoe, Norway 9375
XVX Papeete, Tahiti, French Oceania 9375
OCGB Ivory Coast, French West Africa 9375
JHL Hiroshima, Japan 9380
—_— Norway (Proposed) 9380
9390 | —- Konigs Wiisterhausen, Germany 9400
—_— Nicaragua (Emergency) 9400
9410 | WGA New York City The Robert Dollar Co, 9410
KGX Los Angeles, Calif. The Robert Dollar Co. 9410
KGS Honolulu, Hawaii The Robert Dollar Co. 9410
KGR Seattle, Wash. The Robert Dollar Co. 9410
KGQ San Francisco, Calif. The Robert Dollar Co. 9410
9430 | WEIR Rocky Point, N. Y. Radio Corp. of America 9430
SAS Carlsborg, Sweden 9434
o Nauen, Germany 9440
9450 | WES Rocky Point, N. Y. Radio Corp. of America 9450
—_— Horomushiro, Japan (Proposed) 9450
DIU Konigs Wiisterhausen, Germany 0458
9470 | WET Rocky Point, N. Y. Radio Corp. of America 9470
9490 | PCPP Kootwijk, Holland 9488
WEF Rocky Point, N. Y. Radio Corp. of Ameriea 9490
— Taihoku, Japan (Proposed) 9500

9510 | PTR SS N. T. Nielsen Alonso, Nor-
way 9518
ARCX 8S Nilson Alonzo 9518
—_— Australia 9520
9530 | BVJ England 9525
PTK Brazil 9525
PKP Java 9525
SNM Sweden 9525
9550 | UL Managua, Nicaragua 9550
—_— Brazil i 9555
9570 | —— Konigs Wiisterhausen, Germany 9580
— Norway 9580
9590 | LGN Oslo, Norway 9600
FW France 9600
9610 | LCK Oslo, Norway 9620
LDW Norway 9620
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9630 | CF Drummondville, P. Q. 9630
CG Drummondville, P. Q. | 9630

CJ Drummondyville, P. Q. 1 9630

9650 | OCRU West Africa 9645
DGU Nauen, Germany 9650

2KP Cuba 9650

8XAG Dayton, Ohio E. T. Flewelling 9660

9670 | JBD Keijo, Japan 9670
SAD Sweden 9670

TUE SS William Blumer, Holland 9672

SDA S8 Ragunda, Sweden 9672

AGC Nauen, Germany 9672

— Tananarive, France 9677

AQS Jan Mayen, Norway 9678

9690 | DFF Nauen, Germany 9690
2XAL Coytesville, N. J. Experimenter Publishing Co. | 9700

_ Koénigs Wisterhausen, Germany 9700

—_ Argentine 9700

ELFP Monrovia, Liberia 9700

9710 | VLB New Zealand 9710
PTT Brazil 9710

9730 | DFO Nauen, Germany 9730
XDA Mexico 9725

9750 | WNC Ocean Township, N. J. American Tel .& Tel. Co. 9750
9770 | DFS Nauen, Germany 9770
RXI Russia 9770

EAM Spain 9770

9790 | —— Argentine 9790
GBW Rugby, England 9790

JKF Kuji, Japan (Proposed) 9800

9810 | DFE Nauen, Germany 9810
RCI Russia 9810

9830 | PTQ Brazil 9835
LCM Norway 9835

e Nauen, Germany 9840

9850 | PJC Curacao, Dutch West Indies 9850
9870 | WMI eal, . American Tel. & Tel. Co. 9870
9890 | DGC Nauen, Germany 9890
HZAX Saigon 9900

SQBD Brazil 9900
PWAL Brazil 9900

VMF New Zealand 9950

9910 | EAX Spain 9910
9930 Nauen, Germany 9930
— Spain 9940

PCJy Holland 9930

— France 9930

PID St. Martins 9940

9950 | GBU Rugby, England. 9950
9970 | KZET Manila, P. 1. Radiao Corp. of Philippines 9961
IPR Italy 9975

9990 | GBM Oxford, England 9994
FrJ Jacques Cartier, France 9994

PKH Java 9994

GBO Oxford, England 10000

JBK Kagoshima, Japan 10000

— Glace Bay, Canada 10000

LCM Stavanger, Norway' (Proposed) 10000

B2 Machelen les Brussels, Belgium 10000

OCRU Rufisque, Senegal, I'r. W. Africa 10000

LGN Norway 10000

—_— Mexico 10000

e France 10000

2LA Cuba 10000

10010 | IXR Manila, P. I. 10010
PKH Java 10005

9AQ Nipigon, Ont. 10020

9AI Toronto, Ont. 10020

10030 | —— Spain 10030
UOR Vienna, Austria 10033

—_— Nauen, Germany 2 10040

10070 | —— Nauen, Germany 10080
10110 | DIT Konigs Wiisterhausen, Germany 10120
10150 | DIS Kénigs Wiisterhausen, Germany 10156
10170 | KNRX Clearwater, Calif. Mackay Radio & Teleg. Co. {10170
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10170 | JFAB Giran, Japan 10170
uJ Santa Marta, Colombia 10170

SPW Rio de Janeiro, Brazil 10170

JES Japan 10170

PCTT Kootwijk, Holland 10170

10190 | — Nauen, Germany 10200
XGA ina 10200

10210 | DGD Nauen, Germany 10210
—_— Spain 10220

10230 [ XGA Mukden, China 10240
10250 | —— Scheveningen, Holland 10250
—_ Scheveningen, Holland 10260

10280 | — Spain 10300
10330 | PKP Java 10339
JPS Sapporo, Japan 10340

HJG Bogota, Colombia 10340

10350 Kabarah, French Sudan 10344
JPS Sapporo, Japan 10350

10390 | KERR Bolinas, Calif. Radio Corp. of America 10390
10410 | KES Bolinas, Calif. Radio Corp. of America 10410
LAD Norway 10400

AND Java 10415

PCRR Kootwijk, Holland 10417

== Scheveningen, Holland 10420
Kootwijk, Holland 10420

10450 | SNNI Rio de Janeiro, Brazil 10447
DGH Nauen, Germany 10450

WAX Hialeah, Fla. Tropical Radio Teleg. Co. 10450

WNN Mobile, Ala. Tropical Radio Teleg. Co. 10450

10470 | WBF Boston, Mass. Tropical Radio Teleg. Co. 10470
WNU New Orleans, La. Tropical Radio Teleg. Co. 10470

10460 | KNN Honolulu, Hawaii Mackay Radio & Teleg. Co. (10490
_— Konigs Wiisterhausen, Germany 10500

10530 | RDRL Russia 10525
OCLY Bordeaux, France 10525

2NE Australia 10530

2FC Australia 10530

10550 | WLD Ocean Township, N. J. American Tel. & Tel. Co. 10550
10590 | JRV Saipan, Japan 10600
—— Nauen, Germany 10600

IXR Manila ,P. 1. 10600

10610 | WEA Rocky Point, N. Y. Radio Corp. of America 10610
LPS5 Monte Grande, Argentine 10620

10630 | WED Rocky Point, N. Y. Radio Corp. of America 10630
AND Java 10630

—_— Sydney, Australia 10640

10670 | —— Konigs Wiisterhausen, Germany 10680
10690 | PCQQ Kootwijk, Holland (Proposed) 10699
JBD Keiio, Japan 10700

—_— Kootwijk, Holland 10700

10710 | GLKY S8 Carinthia, England 10708
SQAZ Rio de Janeiro, Brazil 10710

8XX Koukaza Park, China 10710

CF Drummondyville, P. Q. 10710

CG Drummondyville, P. Q. 10710

CcQ Drummondville, P. Q. 10710

LP5 Buenos Aires, Argentine 10714

FUL France 10714

OCAT Atar, Fr. West Africa 10715

0CCoO Konakri, Fr. Guinea 10715

10730 | —— Kootwijk, Holland 10736
—_— Kootwijk, Holland 10740

10750 | WKI Newark, N. J. Federal Telegraph Co. 10750
10770 | UR Costa Rica 10770
10790 | ISP Italian Somaliland 10790
10810 | KNN Honolulu, Hawaii Mackay Radio & Teleg. Co. 10810
DGT Nauen, Germany 10810

10850 | —— ‘Winnipeg, Man. 10845
DFL Nauen, Germany 10850

AGC Germany 10850

10870 | CA Halifax, N. 8. 10870
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10870 | GEQ Dollis Hill, England l10870
SQCN Rio de Janeiro, Brazil 10870

G5BH England 10870

10890 | KKC Palo Alto, Calif. Federal Telegraph Co. 110900
s Nauen, Germany 10900

JYB Tokyo, Japan 10900

HI Calgary, Alta. 10900

10910 | KZED Manila, P. 1. 10903
G5DH Dollis Hill, England 10903

vQG Australia 10910

ORU Belgium 10910

10930 | KGS Honolulu, Hawaii The Robt. Dollar Co. 10930
KGR Seattle, Wash. The Robt. Dollar Co. 10930

WGA New York, N. Y. The Robt. Dollar Co. 10930

KEGX Los Angeles Calif. The Robt. Dollar Co. 10930

KGQ San Francnsco, Calif. The Robt. Dollar Co. 10930

GLQ Ongar, England 10930

10950 | AIN Morocco 10950
10970 | CA Geizers Hill, N. S. 10980
10990 | —— Kootwijk, Holland 10990
SABI Goteborg, Sweden (Proposed) 10990

SPW Rio de Janeiro, Braail 10990

11050 | KRK Palo Alto, Calif. Mackay Radio & Teleg. Co. (11046
WHD New York Y. New York Times Co. 1040

11110 | HI Calgary, Alberta 11100
AND Java 11104

PCMM Kootwijk, Holland 11104

QBD Recife, Pernambuco, Brazil 11110

SQBC Curityba, Parana, Brazil 11110

SQBB Porto Alegre, Brazil 11110

et Nauen, Germany 11110

(o] Italy 11110

IYZ Tokyo, Japan 11110

RCRL Russia 11110

11170 | RZA Monrovia, Liberia 11170
—_— Konigs Wit sterhausen, Germany . 11180

11200 | WKA E. Pittsburgh, Pa. Westinghouse Elec. & Mfg.

E Co. 11190

QJO Austria 11190

WSL Sayville, N. Y. Mackay Radio & Teleg. Co. {11200

WFE (Portable) Cmdr. Richard E. Byrd 1200

WFD (Portable) Cmdr. Richard E. Byrd 11200

KFK (Portable) Cmdr. Richard E. Byrd 11200

WFA (Portable) Cmdr, Richard E. Byrd 11200

WFB Airplane Floyd Bennett Cmdr. Richard E. Byrd 11200

WFF Airplane Fokker Cmdr. Richard E. Byrd 11200

WFC Airplane Fairchild Cmdr. Richard E. Byrd 11200

HBC Berne, Switzerland 111200

11260 | —— Germany 11260
11290 | GFA London, England 11280
uJ Santa Marta, Calombia 11280

AGB Miinchen, Schlelsshelm Germany 11280

WIFE (Portable) Cmdr. Richard E. Byrd 11300

WFD (Portable) Cmdr. Richard E. Byrd 11300

KFK (Portable) Cmdr. Richard E. Byrd 11300

WFEFA (Portable) Cmdr. Richard E. Byrd 11300

WFB Airplane Floyd Bennett Cmdr. Richard E. Byrd 11300

WEFF Airplane Fokker Cmdr. Richard E. Byrd 11300

WFC Airplane Fairchild Cmdr. Richard E. Byrd 11300

11350 | DAN Norddeich, Germany 11340
11350 | XOM ina 11365
11410 | WKA E. Pittsburgh, Pa. Westinghouse Elec. & Mfg. B

0. 14

wDJ Harrison, Ohio . Crosley Radio Corp. 11400

AF1 Kénigs WLsterhdusen Germany 11410

CG Drummondyville, P. Q. 11413

GLY Dorchester, England 11420

—_— Dorchester, England 11425

11440 | ANC Java 11440
CF Drummondville, P. Q. 11452

_— Konigs Wisterhausen, Germany 11460

11500 | —— New Zealand . 11490
GBK Bodmin, England 11495

—_— Kénigs Wiisterhausen, Germany 11500
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- 11530 | CF Drummondville, P. Q. 11531
UF Darrios, Guatemala Tropical Radio Teleg. Co. 11540

UB Almirante, Panama 11540

VIS Sydney, Australia 11540

11560 | VMG Samosa 11560
GBH Grimsby, England 11575

11590 | GBH Grimsby, England 11580
DIR Konigs Wiisterhausen, Germany 11580

11620 | —— Konigs Wiisterhausen, Germany 11620
DFK Nauen, Germany 11620

FUT Toulon, France 11621

“UB Almirante, Panama 11630

11650 | VIZ Melbourne, Australia 11655
11680 | VIZ Ballan, Australian Commonwealth 11670
KIO Kahuku, Hawaii Radio Corp. of America 11680

11710 | —— Argentine 11720
CJRX ‘Winnipeg, Manitoba 11720

11770 | JYZ Tokyo, Japan 11758
GLXY S8 Carinthia, England 11758

AGC Nauen, Germany 11758

AGC Miinchen, Schleissheim, Germany 11760

UL Managua, Nicaragua 11780

11800 | —— Konigs Wisterhausen, Germany 11800
— Vienna, Austria 11801

OCTN Toulon, France 11804

11830 | —— Nauen, Germany 11840
11890 | UL Managua, Nicaragua 11880
—_— Konigs Witsterhausen 11900

11920 | DGS Nauen, Germany 11920
ANC Java 11920

11950 | —— Spain 11940
KKQ Bolinas, Calif. Radio Corp. of America 11950

11980 | GBO Leafield, England 11980
LP Buenos Aires, Argentine 11980

FS1 Sainte Assise, France 11985

CF Drummondpville, P. Q. 11990

CG Drummondyville, P. Q. 11990

CJ Drummondyville, P. Q. 11990

CF Drummondyville, P. Q. 11992

HZA Saigon, French Indo-Chins 11993

OCLY Bordeaux, France 11993

12010 | UR San Jose, Costa Rica 12000
JYZ Tokyo, Japan 12000

OCLY Croix d'Hins, France 12000

B82 Belgium 12000

_ Quebec, Can. 12000

— Denmark 12000

RZA Monrovia, Liberia 12000

VIY Australia 12020

VIY Ballan, Australian Commonwealth 12025

12040 | — U. S. Government 12045
FUT France 12045

—_ U. 8. Government 12051

12070 | —— U. 8. Government 12060
— Cuba 12070

— U. 8. Government 12075

Fw France 12085

12100. | —— U. S. Government, 12090
ANC Java 12090

CcJ Drummondville, P. Q 12093

— Recife, Pernambuco, Brazil

(Proposed) 12094

UR Cartago, Costa Rica . Tropical Radio Teleg. Co. 12100

—_— Horomushiro, Japan (Proposed) 12100

—_— Quebec, Can, 12102

12130 | —— U. 8. Government 12135
[ Manila, P. I. 12145

12160 | —— U. 8. Government, 12150
GBS Rugby, England 12150

FWX Sainte Assise, France 12160

—_— U. 8. Government 12165

12190 | —— U. 8. Government, 12180
rw Sainte Assise, France 12188

— U. 8. Government 12195

JPM Palaos, Japan 12200

12220 | —— U. 8. Government 12210
_ U. 8. Government, 12225
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12250 | GLQ Ongar, England ’12240
— U. 8. Government 12240

_ Taihoku, Japan {Proposed) 12250

U. 8. Government 12255

12260 | —— Dorchester, England 12265
12280 | —— Spain 12270
GBU Rugby, England 12290

12310 | JES Osaka, Japan 12300
JAN Tokyo, Japan 12300

U. 8. Government 12315

12340 | KFD Denver, Colo. General Elec. Co. 12338
=z England 12350

12400 | UJ Santa Marta, Calumbia Tropical Radio Teleg. Co. 12400
JRW Parao, Japan 12400

PKK Dutch East Indies 12400

et U. S. Government 12405

12460 | —— U. S. Government 12465
12490 | GBM Oxford, England 12492
_ Oxford, England 12500

JES Osaka, Japan 12500

—_— Goteborg, Sweden (Proposed] 12500

KCE Liepaja, Latvia 12500

9BE Toronto, Ont. 12500

58W Chelmsford, Can. 12500

IRI Rome, Italy 12500

JEW Japan 12500

G38W England 12500

12520 | —— Ontario, Can. 12511
S Quebec, Can. 12511

12610 | — U. 8. Government 12615
12700 | KHAH Airplane Greater Rockford Bert Hassell 12700
— Choshi, Japan (Proposed) 12700

OoLQ Holland 12704

—_— U. 8, Government 12705

12760 | KTA Guam, Mariana Island Mackay Radio & Teleg. Co. |12758
e U. 8. Government 2765

PCH Scheveningen, Holland 12766

12790 | —— U. S. Government 12795
JBD Japan 12800

12820 | JBD Keijo, Japan 12825
vCJ ‘Wakeham Bay, Ont. 12825

vCJ Ottawa, Ont. 12825

CGP Term Point, N. W, T, 12825

12850 | 3XK Washington, D. C. Jenkins Labs. 12840
— U. 8. Government 12840

1XAC Providence, R. 1. C. E. Mfg. Co. 12850

12880 | LAD Norway 12880
— U. S. Government 12885

12910 | —— U. 8. Government 12900
JFAB Giran, Japan 12900

= France 12900

12940 | WAX Hileah, Fla. Tropical Radio Teleg. Co. 12940
WNN Mobile, Ala. Tropical Radio Teleg. Co. 12940

UOX Vienna, Austria 12031

12970 | WNU New Orleans, La. Tropical Radio Teleg. Co. 12970
WRBF Boston, Mass. Tropical Radio Teleg. Co. 12970

13000 | KNW Palo Alto, Calif. Mackay Radio Teleg. Co. 13000
13030 | XNN Honolulu, Hawaii Mackay Radio Teleg. Co. 13030
HZG Numea, France 13043

RAU Moscow, Russia 13045

RLT Russia 13045

PKH Java 13045

() China 13045

13090 | —— U. S. Government 13095
13120 | —— U. S. Government 13110
== U. S. Government 13125

13150 | —— U. 8. Government 13140
— U. 8. Government 13155

PCH Scheveningen, Holland 13160

13180 | DGG Nauen, Germany 13180
WIE (Portable} Cmdr. Richard E. Byrd 13187

WFD (Portable) Cmdr. Richard E. Byrd 13187

WFA (Portable) Cmdr. Richard E. Byrd 13187

KFK (Portable) Cmdr. Richard E. Byrd 13187

WFB Airplane Floyd Bennett Cmdr. Richard E. Byrd 13187

WIF Airplane Fokker Cmdr. Richard E. Byrd 13187

WFC Airplane Fairchild Cmdr. Rickard E. Byrd 13187
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13210 | UR Cartago, Costa Rica Tropical Radio Teleg. Co. 13220
13270 | FY Syria 13270
13300 | — U. S. Government 13290
= U. 8. Government 13305
— U. S. Government 13308
13330 | — U. S. Government 13320
e U. S. Government 13335
w France 13330
IRI Rome, Italy 13345
13360 | —— Manila, P. I. 13360
0OCDA Dakar Senegal, French W. Africa 13350
DGI Nauen, Germany ) 13360
13390 | WND Qcean Township, N. J. American Tel. & Tel. Co. 13390
_— Nauen, Germany 13400
13420 | WHR Rocky Point, N. Y. Radio Corp. of America 13420
13450 | WEX Rocky Point, N. Y. Radio Corp. of America 13450
HJO Bogota, Colombia 13450
uJ Santa Marta, Colombiza Tropical Radio Teleg. Co. 13460
13480 | WAJ Rocky Point, N. Y. Radio Corp. of America 13480
13510 | GFV Baghdad, Iraq 13500
GFJ Kidbrooke, England 13500
RKU Turkestan 13510
VAJ Digby Island, B. C. 13520
SPR io de Janeiro, Brazil 13525
13540 | GLH Dorchester, England 13535
DFC Nauen, Germany 13540
— Dorchester, England 13540
13570 | —— U. 8. Government 13575
GLH England 13580
13600 | 6XN Qakland, Calif. General Elec. Co. 13603
13630 | GKS Dollis Hlll Fngland 13630
HJG Bogota, Colombia 13630
GKT Burnham, England 13640
VIT Australia 13640
VIS Sydney, Australia 13640
VIZ Raboul, New Guinea 13640
8XX Koukaza Park, China 13640
RABL Russia 13640
RTRL Russia 13640
RAU Russia 13640
ucC Tela, Spanish Honduras 13640
UA Porto Castilla, Sp. Honduras 13640
KGBB Sachem R. B. Metealf 13640
KTA Guam, Mariana Island Mackay Radio & Teleg. Co. {13640
13660 | GLL London, England 13660
13690 | KKZ Bolinas, Calif. Radio Corp. of America 13690
VAK Gonzales Hill, B. C. 13700
13720 | XKLL Bolinas, Calif. Radio Corp. of America 13720
KEB QOakland, Calif. General Elec. 13720
— Rio de Janelro Brazil (Proposed) 13720
13750 | 6XU Bolinas, Radio Corp. of America 13750
KTA Guam, \’Ianana Island Mackay Radio & Teleg. Co. 13753
KEB QOakland, Calif. General Elec. Co 13760
13780 | WGT San Juan, P. R. Radio Corp. of America 13780
13810 | DIQ Konigs Wiisterhausen, Germany 13800
VAI Point Gray, B. C. 13800
SUZ Abu Zabal, Egypt (Proposed) . 13820
13840 | WPE Rocky Pomt N Y Radio Corp. of America 13840
13870 | 2XAS Rocky Point, N. Y. Radio Corp. of America 13870
WIY Rocky Point, N.Y. Radio Corp. of America 13870
KTF Midway Island Mackay Radio & Teleg. Co. 13880
13900 | WQP Rocky Point, N. Y. Radio Corp. of America 13900
GFV Baghdad, Iraq 13900
GFN Ki brooke, England 13900
13930 | WIK Rocky Point, N. Y. Radio Corp. of America 13930
HK Winnipeg, Mamtoba 13920
HL Montreal, P. Q. 13920
13960 | —— Oxford, England 13950
GBO Leafield, England . 13960
13990 | WDJ. Harrison, Ohio Crosley Radio Corp. 13990
JOC Ochufhi, Japan 14000
14020 | GBR Rugby, England 14020
14080 | ANK Java 14080
14200 | —— Scheveningen, Holland 14200
14230 | IDK taly 14220
14290 | GLKY | 88 Carinthia, England ) , 14277
ur Barrios, Guatemala Tropical Radio Teleg. Co. 14290
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14290 0
UG Tegucigal pa, Spanish Honduras | Tropical Radio Teleg. Co. 14290
VIA Australia 14290
VIiB Australia 14290
VIT Australia 14290
VIS Australia 14290
vJZ Australia 14290
RKV Russia 14290
—_— Dollis Hill, England 14290
14320 | PKIL Soerabaja, Java 14311
14350 | PKH Java 14350
14410 | —— Nauen, Germany 14400
14440 | DIP Konigs Wiisterhausen, Germany 14437
GBW Rugby, England 14440
14470 | WNC Ocean Township, N, J. American Tel. & Tel. Co. 14470
— Sl)ain = 14480
14500 | PCLL Kootwijk, Holland 14500
— Kootwijk, Holland 14500
L T Scheveningen, Holland 14500
14560 | UJ Santa Marta, Colombia Tropical Radio Teleg. Co. 14560
——— Kootwijk, Holland 14560
Scheveningen, Holland 14560
14590 | WMI Deal, N. J. American Tel. & Tel. Co. 14590
uQ Bluefields, Nic, 14600
14620 | —— pain 14620
PCRR Sgravenhage, Holland 14625
= Japan 14630
ANF Java . 14630
146880 | —— Pulo Alto, Calif. Mackay Radio & Teleg. Co. (14680
DFD Nuuen, Germuny 14680
14710 | UW Cupe Gragias, Nie. 14700
10):] Ottaws, Ont. . 14700
o Palo Alto, Calif. Mackay Radio & Teleg. Co. |14710
14740 | —— Sayville, N. Y. Mackay Radio & Teleg. Co. [14740
14770 | GLSQ S8 Olympic, England . 14769
e W b Sayville, N. Y. Mackay Radio & Teleg. Co. |14770
14800 | =— Nicaragua (Emergency) . 14800
. wQVv Rocky Point, N. Y. Radio Corp. of America 14800
14830 | WKU Rocky Point, N. Y. Radio Corp. of America 14830
14860 | WGA New York, N. Y. The Robt. Dollar Co. 14360
KGS8 Honolulu, Hawail The Robt. Dollar Co. 14860
KGX Los Angeles, Calif. The Robt. Dollar Co. 14860
KGR Senttle, Wash. The Robt. Dollar Co. 14860
KGQ San Franeiseo, Calif. The Robt. Dollar Co. 14860
14890 | 1X8 Newton, Mass. R. A. Fessenden 14890
WGA ew York, N. Y. The Robt. Dollar Co. 14890
K g{ onolulu, Hawaii The Robt. Dollar Co. 14890
{GX Los Angeles, Calif. The Robt. Dollar Co. 14890
1AN6 314 Seattle, Wash. The Robt. Dollar Co. 14890
KGQ San Francisco, Calif. The Robt. Dollar Co. 14890
L Managua, Nie. . K 14900
14920 | WAZ New Brunswick, N. J. Radia Corp. of America 14920
PIN Dutch Guinea 14920
14980 | KGDQ | S8 Faith, U. 8. A, Walden W. Shaw 14991
15010 X8 Newton, Mass. Howard A. Fessenden 15000
C3BD Santiago, Chile 15000
C2BF Vina del Mar, Chile 15000
C3AC Santiago, Chile 15000
== Kootwijk, Holland 15000
—_— Soheveningen, Holland 1§008
UF Batrios, Guatemala }000
_— Taihoku, Japsn (Proposed) 12888
o Norway (Proposed) 12000
JBR Siberia Maru, Japan 19000
CF Drummondville, P.Q. 1?000
l CG Drummondyville, P. Q 1?000
CJ Drummondville, P. Q. 19000
s Australia 1?000
XGA China 2
i 15000
!} CH Chile 15000
GFR England 13000
JIPP Japan . 15000
OCTN Tunis, Tunisia . 13000
PJC Curacao, Dutech W. Indies 12000
RDI%L Russia 12000
1 . .
15040 W%G %‘;Zi; Point, N. V. Radio Corp. of America 15040
15070 | DIO Konigs Wisterhausen, Germany . . 15075
15100 | 2XBW | 'Bound Brook, N. J. Radio Corp. of America 15100

1 The frequencies between 151

00 and 15200 ke hgye, in thie case, been assigned as one band
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15130 l 2XBW Bound Brook, N. J. Radio Corp. of America 15130
15160 | 2XBW ‘Bound Brook, N. J. Radio Corp. of America 15160
15190 | 2XBW Bound Brook, N. J. Radio Corp. of America 15190
2XBW 1Bound Brook, N. J. Radio Corp. of America 15200
15220 | PCJJ Eindhoven, Holland 15220
— Nauen, Germany 15220
15370 | UR Cartago, Costa Rica Trszfical Radio Teleg. Co. 15380
15430 | KWE Bolinas, Calif. Radio Corp. of America 15430
15460 | KKR Bolinas, Calif. Radio Corp. of America 15460
WBF Boston, Mass. Tr?flcal Radio Teleg. Co. 15460
15490 | KEM Bolinas, Calif. Radio Corp. of America 15490
15520 | VLW New Zealand 15520
AMF Malabar, Java 15535
15550 | UL anagua, Nie. Tropical Radio Teleg. Co. 15540
UL Managua, Nie. Tropical Radio Teleg. Co. 15550
15580 | —— Garden City, N. Y. American Publishers Comm. [15580
DFR Nauen, Germany 15580
15610 | —— Nauen, Germany 1 . 15600
e New York, N. Y. American Publishers Comm. ' [15610
15640 | —— Chicago, Il American Publishers Comm. |15640
15670 | —— New York, N. Y. American Publishers Comm. ' |15670
15700 | —— Floral Park, N. Y. American Publishers Comm. |15700
_ Argentine 15710
15730 | — San Francisco, Calif. American Publishers Comm. [15730
15760 | —— Boston, Mass. American Publishers Comm. [15760
15790 | FwW France 15780
—_ Taihoku, Japan (Proposed) 15800
—_ Nauen, Germany 15800
15820 | DFN Nauen, Germany 15820
15850 | —— New York, N. Y. American Publishers Comm. 15850
15880 | —— Los Angeles, Calif. American Publishers Comm. |15880
BYB Cleethorpes, England 15880
15910 | —— Chicago, American Publishers Comm. [15910
15940 | DGI Nauen, Germany 15940
AND Java 15950
15970 | —— Nauen, Germany 15960
WK Rocky Point, N. Y. Radio Corp. of America, 15970
16000 | WKQ Rocky Point, N. Y. Radio Corp. of America 16000
16030 | WKW Rocky Point, N. Y. Radio Corp. of America 16030
16060 | —— U. 8. Governemnt 16060
_ U. 8. Government 16068
16090 | —— U. S. Government 16080
—_— . U. 8. Government 16100
TQS Lisbon, Portugal 16100
KEB Qakland, Calif. General Elec. Co. 16102
16120 | KEB Oakland, Calif. General Elec. Co. 16112
e U. 8. Government 16120
16150 | AYA Venezuela 16140
16180 | —— U. 8. Government 16180
—_— Java 16180
16210 | AGC Nauen, Germany 16206
16270 | WLO Ocean Township, N. J. American Tel. & Tel. Co. 16270
16300 | —— Kootwijk, Holland 16300
_ Kootwijk, Holland 16304
16330 | —— U. 8. Government 16320
—_ U. 8. Government 16340
_— Laonda, Angola 16340
CRHA Portuguese W. Africa 16340
16360 | DIN Konigs Wiisterhaugen, Germany 16358
16390 | —— Manila, P. I. 16380
16420 | —— X U. S. Government 16420
PQs Lisbon, Portugal ‘ 16420
PQS Afragide, Portugal 16420
16460 | WHD New York, N. Y. New York Times Co. 16460
PJD St. Martins 16460
—_— Goteborg, Sweden (Proposed) 16480
16500 | CHRB Cape Verde Island 16500
CHRC | Angola 16500
16540 | —— U. S. Government 16540
16580 | CHRB CapeVerde Island 16580
CRHA Portugese East Africa 16580
16620 | —— ; U. 8. Government 16620
16660 | KTA Guam, Mariana Island Mackay Radio & Teleg. Co. (16660
B2 Belgium 16660
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16660 | 9CIX Geizers Hill, N. S. 16660
DAN Norddeich, Germany 16665

_ Kootwijk, Holland 16670

—— Nova Scotia 16670

—_— Riga, Latvia 16670

16780 | WFB Airplane Floyd Bennett Cmdr. Richard E. Byrd 16800
WFF Airplane Fokker Cmdr. Richard E. Byrd 16800

WFC Airplane Fairchild Cmdr. Richard E. Byrd 16800

WFA (Portable) Cmdr. Riohard E. Byrd 16800

WFD (Portable) Cmdr. Richard E. Byrd 16800

WFE (Portable) Cmdr. Richard E. Byrd 16800

KFX (Portable) Cmdr. Richard E. Byrd 16800

WSL Sayville, N. Y. Mackay Radio & Teleg, Co. 16800

RZA Liberia 16800

16820 U. 8. Government, 16820
SP Brazil 16820

16860 | WSL Sayville, N. Y. Mackay Radio & Teleg. Co. {16850
GKT Burnham, England 16845

IDM Ttaly 16850

16900 | PJC Curacao, Dutch West Indies 16900
ORU Belgium 16920

16940 | KFD Denver, Colo. Generzl Elec. Co. 16939
e U. 8. Government 16940

16980 | LR2 Italy 17000
17020 | — U. 8. Government 17020
17060 | —— U. 8. Government 17060
17140 | WKI Newark, N. J. Federal Telegraph Co. 17130
—_— Oxford, England 17140

XGA Mukden, China 17140

17180 | —— U. 8. Government 17180
— U. S. Government 17200

) PJD St. Martins, D. W. L. 17200
17220 | ANE Java 17240
GBO Leaficld, England 17240

17260 | LPV Monte Grande, Argentine 17241
9XB Culver, Ind. L. E. Dutton 17270

17300 | 2XBY Jersey City, N. J. Walter C. Von Brandt 17300
3XE Baltimore, Md. Baltimore Radio Show, Inc. 17300

6XT San Francisco, Calif. C. L. Watson & R. L. Gray  |17300

1XAC Providence, R. L C. E. Mfg. Co. 17300

6XD (Portable) D. B. McGown 17300

17340 Nauen, Germany 17340
DIM Kénigs Wiisterhausen, Germany 17341

17380 | LPI Argentine 17380
17420 | KNN Honolulu, Hawaii Mackay Radio & Teleg. Co. = |17420
17460 | —— U. S. Government 17460
DGR Nauen, Germany 17460

_ U. 8. Government 17480

—_ Kénigs Wisterhausen, Germany 17480

17500 | —— U. S. Government 17500
AYF Venezuela 17500

17540 ’ U. 8. Government 17540
DFB Nauen, Germany 17540

VDB Esquimalt, Canada 17560

17580 | WBE Boston, Mass. Tropical Radio & Teleg. Co. 17580
17620 NH Malabar 17620
KFVM S8 Idalia, USA E. R. Parker 17636

KKC Palo Alto, Calif. Federal Teleg. Co. 17640

17660 | VIZ New Guiana 17650
G2BR England 17650

Q Machelen les Belgium . 17650

KNW Palo Alto, Calif. Mackay Radio & Teleg. Co. (17660

17700 | WFE (Portable) Cmdr. Richard E. Byrd 17717
WFD (Portable) Cmdr. Richard E. Byrd 17717

WFA (Portable) Cmdr. Richard E. Byrd 17717

KFK (Portable) Cmdr. Richard E. Byrd 17717

WFB Airplane Floyd Bennett Cmdr. Richard E. Byrd 17717

WEFC Airplane Fairchild Cmdr. Richard E. Byrd 17717

WFF Airplane Fokker Crmdr. Richard E. Byrd 17717

—_ U. 8. Government 17720

17740 | — U. S. Government 17740
_— U. 8. Government 17744

17780 | —— Kootwijk, Holland 17773
17820 | PCRR Kootwijk, Holland L 17836
Konigs Wiisterbausen, Germany 17840

— Kootwijk, Holland 17840

17860 | DIL Konigs Wiisterhausen, Germany 17850
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17860 | WQC Rocky Point, N. Y. Radio Corp. of America |17860
17900 | WLL Rocky Point, N. Y. Radio Corp. of America 17900
2XAS Rocky Point, N. Y. Radio Corp. of America 17900

17940 | WQB Rocky Point, N. Y. Radio Corp. of America 17940
17980 | CF Drummondville, P. Q. 17964
CG Drummondville, P. Q. 17964

cI Drummondyville, P. Q. 17964

KQZ Bolinas, Calif. Radio Corp. of America 17980

18020 | KQJ Bolinas, Calif. Radio Corp. of America 18020
— Spain 18040

18060 | KUN Bolinas, Calif. Radio Corp. of America 18060
18100 | GBK Bodmin, England 18100
— . U. S. Government 18100

18140 | —— Recife, Pernambuco, Brazil

(Proposed) 18140

GBW Rugby, England 18140

X —_— Spain 18150
18180 | CG Drummondyville, P. Q. 18169
18220 | —— Nauen, Germany 18240
18260 | KNW Palo Alto, Calif. Mackay Radio & Teleg. Co. |18260
PCRR Holland § 18260

18300 | PCRIR Sgravenhage, Holland. 18282
6X N QOakland, Calif. General Elec. Co. 18290

GBS Rugby, England 18310

18340 | WND Ocean Township, N. J. American Tel. & Tel. Co. 18340
18380 | —— Kootwijk, Holland 18400
18420 | —— Kootwijk, Holland 18405
VWZ ndia 18420

18500 | GBI Grimsby, England 18500
18540 | 2XT Rocky Point, N. Y. Radio Corp. of America 18540
18580 | GBJ Bodmin, England 18580
JAN Tokyo, Japan 18600

18620 { GBU Rugby, England 18620
18660 | VNB South Africa 18660
18700 | XGA hina 18700
18740 | —— Kootwijk, Holland 18740
IYZ Tokyo, Japan 18750

RZA Monrovia, Liberia 18750

18780 | CFH Halifax, Nova Scotin 18790
CFH Halifax, Nova Scotin 18800

_— Palo Alto, Calif. Mackay Radio & Teleg. Co. | 18780

18820 | KGX Los Angeles, Calif. | The Robt. Dollar Co. 15820
KGR Seattle, Wash. The Robt. Dollar Co. 18820

KGS Honolulu, Hawaii The Robt. Dollar Co. 18820

KGQ San Francisco, Calif. The Robt. Dollar Co. 18820

WGA New York, N. Y. The Robt. Dollar Co. 18820

18860 | WKM Rocky Point, N. Y. Radio Corp. of America 18860
—_— Nauen, Germany 18880

—_— Konigs Wusterhausen, Giermany 18880

18900 | WDR Rocky Point, N. Y. Radio Corp. of America 18900
DIK Konigs Wiisterhausen, Germany 18916

18940 | WTT Rocky Point, N. Y. Radio Corp. of America 18940
— Germany 18940

18980 | WFX Rocky Point, N. Y. Radio Corp. of America 18980
London, England 18980

19020 | KQJ Kahuku, Hawaii Radio Corp. of America 19020
Spain 19030

19060 | GLS Ongar, England 19050
GLG Dorchester, England 19060

19100 | PQW Lisbon, Portugal 19097
PQS Lisbon, Portugal 19097

GLW Dorchester, England 19100

19140 | PQW Lisbon, Portugal 19140
— Spain 19140

19180 | PQW Lisbon, Portugal 19180
—_— Konigs Wiisterhausen, Germany 19180

19220 | WNC Ocean Township, N. J. American Tel. & Tel. Co. 19220
SPU Rio.de Janeiro, Brazil 19220

19260 | SPU Rio de Janeiro, Brazil 19269
19300 | —— Nauen, Germany 19300
APV Dutch East Indies 19320

19340 | B82 Bucecle, Belgium 19360
19380 | LP4 Monte Grande, Argentine 19390
—_— Konigs Wiisterhausen, Germany 19400

19420 | FW3 France - 19420
19460 | FW3 Sainte Assise, France - 19443
DIJ Konigs Wissterhausen, Germany 19443

DFM Nauen, Germany 19460
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18500 | LP3 Buenos Aires, Argentine 19500
19540 | DFQ Nauen, Germany 19540
—_— Palo Alto, Calif. Mackay Radio & Teleg. Co. (19540
19580 | —— Sayville, N. Y. Mackay Radio & Teleg. Co. [19580
LP3 Monte Grande, Argentine 19600
19620 | —— Sayville, N. Y. Mackay Radio & Teleg. Co. (19620
— Radio Corp. of Amerios 19620
DFA Nauen, Germany 19620
GBO Leafield, England 19628
19660 | B82 Brussels, Belgium | 19670
— Nauen, Germany 19680
19700 | —— Radio Corp. of America 19700
DFJ Nauen, Germany 19700
19780 | WTF Akron, Ohio Firestone Plantations Co. 19780
WMU Elizabeth, N. J. Stan. Oil Co. of New Jersey |19780
—_— Radio Corp. of America 19780
DGA: Nauen, Germany 19780
19820 | WMI Deal, N. J. American Tel. & Tel. Co. 19820
19860 | KZEN Manlg, P. I. Radioc Corp. of America 19860
Nauen, Germany . 19860
2XV Long Island City. N. Y. Radio Engineering Lahs. 19867
19900 | LP4 Buenos Aires, Argentine 19900
19940 | GLS Ongar, England 19940
DIH Konigs Wiisterhausen, Germany 19947
19980 | CT Drummondyille, P. Q. 19987
1XR Manila, P. I. Radio Corp. of America 19988
GLS Ongar, 'England 20000
GKS Dollis Hill, England 20000
IR2 Rome, Italy 20000
LCM Stavanger, Norway (Proposed) 20000
—_ Glace Bay, Nova Scatia 20000
— Drummondyville, P. Q. 20000
20020 | AGA Nauen, Germany 20020
DFI Nauen, Germany 20020
20060 | AGA Nauen, Germany 20055
AGA Miinchen Schleissheim, Germany 20070
—_— Nauen, Germany 20080
20100 | —— | U. 8. Government 20085
wWQY Rocky Point, N. Y. Radio Corp. of America 20100
20140 i . 8. Government 20125
= Nauen, Germany 20140
—_— U. 8. Government 20150
20180 | wQX Rocky Point, N. Y. Radio Corp. of America 20180
- Konigs Wiisterhausen, Germany 20180
20220 | —— U. 8. Government 20225
DIG Konigs Wiisterhausen. Germany 20230
20260 | wWQQ Rocky Point, N. Y. Radio Corp. of America 20260
20300 | —— Sayville, N. Y. Mackay Radio & Teleg. Co. 20300
20300 | DIF Konigs Wiisterhausen, Germany 20312
20340 | BYC Horsea, Englan 20330
20380 U. 8. Government 20400
—_— Nauen, Germany 20400
20420 | DGB Nauen, Germany 20420
20500 | DGQ Nauen, Germany 20500
IR2 Italy 20500
20580 Rio de Janeiro, Brazil (Proposed) 20580
20620 | 6XU Bolinas, Calif. | Radio Corp. of America 20620
20660 | DGO Nauen, Germany 20660
LP2 Monte Grande, Argentine 20670
20700 | FW France 20700
20740 | —— Kénigs Wiisterhausen, Germany 20730
DGP Nauen, Germany 20740
20780 | KMM Bolinas, Calif. Radio Corp. of America 20780
20820 | KSS Bolinas, Calif. Radio Corp. of America 20820
20860 | —— Konigs Wisterhausen, Germany 20860
20900 | BXC Nore, Englan 20900
LP3 Buenos Aires, Argentine 20900
20940 | —— Nauen, Germany 20960
20980 | FW Sainte Assise, France 20966
Fw Sainte Assise, France . 20980
Sayville, N. Y. Mackay Radio & Teleg. Co. (20980
21060 | WND Ocean Township, N. J. Ameriean Tel. & Tel. Co. 21060
21100 Konigs Wisterhausen, Germany 21100
21140 | KZRC Manila, P. 1. Radio Corp. of America 21140
21180 | DGM Nauen, Gerniany 21180
21220 | WQA Roeky Point, N. Y. Radio Corp. of America 21220
21260 | —— Konigs Wiisterhausen, Germany 21260
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21300 | WQW Rocky Point, N. Y. Radio Corp. of America [21300
21340 | DGM Nauen, Germany 21340
21380 | —— Sayville, N. Y. Mackay Radio & Teleg. Co. |21380
WBU Rocky Point, N. Y. Radio Corp. of America 21380
21420 | WLO Ocean Township, N. J. American Tel. & Tel. Co. 21420
21740 | —— Buenos Aires, Argentine 21740
21820 | WFB Airplane Floyd Bennett Cmdr. Richard E. Byrd 21805
WFEFF Airplane Fokker Cmdr. Richard E. Byrd 21805
WFC Airplane Fairchild Cmdr. Richard E. Byrd 21805
WFE (Portable) Cmdr. Richard E. Byrd 21805
WFD (Portable) Cmdr. Richard E. Byrd 21805
WFA (Portable) Cmdr. Richard E. Byrd 21805
KFK (Portable) Crdr. Richard E. Byrd 21805
22040 | 9CH Geizers Hill, Nova Scotia 22050
22520 | DGE Nauen, Germany 22520
22580 | DGF Nauen, Germany 22600
22640 U, S. Government 22625
KGQ San Francisco, Calif. The Robt. Dollar Co. 22660
KGX Los Angeles, Calif. The Robt. Dollar Co. 22660
WGA New York, N. Y. The Robt. Dollar Co. 22660
KGS Honolulu, Hawaii The Robt. Dollar Co. 22660
KGR Seattle, Wash. The Robt. Dollar Co. 22660
22800 | WKA East Pittsburgh, Pa. Westinghouse Elec, & Mig. Co.|22800
23780 | LPZ Monte Grande, Argentine 23809
25700 | 1XAC Providence, R. I C. E, Mfg. Co. 25680
3XK Washington, D. C. Jenkins Laboratories 25680
27260 | GKS Dollis Hill, England 27270
G5DH Dollis Hill, England 27270
27620 | DID Konigs Wusterhausen, Germany 27600
28580 | XQM Yunnanfu, China 28570
28880 IC Konigs W iisterhausen, Germany 28874
32240 | 2XBY Jersey City, N. J. Walter C. Von Brandt 34240
3XE Baltimore, Md, The Balto. Radio Show Ine. |34240
6XT San Franecisco, Calif. C. L. Watson & R. C. Gray |34240
1XAC Providence, R. I C. E. Mfg. Co. 34240
6XD (Portable) D. B. McGown 34240
51360 | 3XXK ‘Washington, D. C. Jenkins Laboratories 51360
1XAC Providence, R. I. C. E. Mig. Co. 51360
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MONTHLY LIST OF REFERENCES TO CURRENT
RADIO LITERATURE*

HIS is a monthly list of references prepared by the Bureau

of Standards and is intended to cover the more important

papers of interest to professional radio engineers which
have recently appeared in periodicals, books, ete. The number
at the left of each reference classifies the reference by subject,
in accordance with the scheme presented in “A Decimal Classi-
fication of Radio Subjects—An Extension of the Dewey System,”
Bureau of Standards Circular No. 138, a copy of which may be
obtained for 10 cents from the Superintendent of Documents,
Government Printing Office, Washington, D. C. The articles
listed below are not obtainable from the Government. The
various periodicals can be secured from their publishers and can
be consulted at large public libraries.

R000. Rapio COMMUNICATION

R060 Dellinger, J. H. The International Union of Scientific Radio
Telegraphy. Proc. LR.E., 16, pp. 1107-12; Aug., 1928.
(Organization of U.R.8.1. and report of meeting of October 10~28, 1927.)

R100. RaD10 PRINCIPLES

R110  Bramley, Arthur. Kerr effect in water due to high frequency
radio waves. Jnl. Frank. Inst., 206, pp. 151-158; Aug., 1928.

{Description of an experiment for finding the absorption lines of radio waves (3 to
300 ¢m) in water. A Kerr tube filled with water and placed between two nicol prisms
and & quarter wave plate is used for the work.)

R113.4 Jouaust, R. Les Phenomenes de propagation des ondes radio-
telegraphiques. (The propagation phenomena of radio waves.)
Comptes Rendus, 187, pp. 208-209; July 23, 1928.

(Calls attention to the fact that the propagation theory is based on a certain law
for which the ionic density in the upper atmosphere is taken as a regular function of
the altitude. The electrified particles given off from the sun are, however, a dis-
continuous emission similar to the Schottky effect in tubes.)

R113.7 Kenrick, G. W. Radio transmission formulae. Phil. Mag., 6,

pp. 289-304; Aug., 1928.

(Derives a transmission formula for long-wave wark taking the upper reflecting
layer into account, The results indicate that the inverse square root of the wave-
length in the damping factor of the Austin-Cohen formula has considerable thecretical
justification, but the inverse square root of the distance should be used instead of
the i dm&n;rse first power of the distance. A slight change in the numerical constant is
needed.

R116  Frank, N. H. Die Fortplanzung elektrischer Wellen in Kabeln
mit zwei Isolationsschichten. (The propagation of electric waves
m cables with two insulating layers.) Ann. d. Physik., 86, pp.
422—34; June, 1928.

* Original Manuscript Received by the Institute, September 14, 1928.
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R116

R125.1

R127

R130

R130

R130

R132.3

R133

R133

References to Current Radio Literature

(The velocity of propagation of electric waves along cables with two insulating layers
ig computed according to Maxwell's theory. A new method is given for measuring
the velocity along wires by means of using Lichtenberg-Rigures. This gives & means
for also determining the dielectric constant.

Nancarrow, F. E. The behavior of a fransmission line at radio
frequencies. Post Office Elec. Engrs. Jul.,, 21, pp. 165-69; July,
1928.

(Deals with the solution of the propagation of radio-frequency currents along a
transmission line. Curves for the surge impedance for different spacings and size of
wire are given.)

Smith-Rose, R. L. Radio direction finder—the theory of the frame
aerial avoiding electrostatic pickup. Wireless World and Radio
Review, 23, p. 186; August 15, 1928.

(Discussion of antenna effect and method of screening for its climination using

open loops.)
Brunn, H. Eine einfache Methode zur Messung der Eigenwel-
lenlinge von Antennen. (A simple method for the measurement
of the natural wavelength of an antenna.) Zeits. f. Hochfreg., 32,
p. 25; July, 1928.

(A tube wavemeter is loosely coupled to aun antenna and the grid dip used for the

determination of the natural wavelength.)
Le Boiteux, H. L’influence des émissions secondaires des métaux
sur le fonctionnement des lampes & trois électrodes. (Effect on
the secondary emission of metals on the behavior of 3-electrode
tubes.) Revue Gen. de L’Electricité, 28, pp. 939-46 and 984—
992; June 2, 1928.

(This paper gives a theoretical investigation of the working characteristics of cir-

cuits using three-element tubes. The effect of secondary emission is taken into
account.)
Podlinsky, M. Equilibres instables et régimes statiques parasites
dans les circuits électriques associés aux triodes. (Unstable
equilibrium and disturbing conditions in triode circuits.) L’Onde
Elecirique, 7, pp. 278-306; July, 1928.

(Theoretical treatment of the dynatron action in triode circuits.)

Ballantine, Stuart. Schrot-Effect in high-frequency circuits.
Jnl. Frank. Inst., 206, pp. 159-168; Aug., 1928.
(A further theoretical study of the Schrot effect.)

Hartshorn, L. Inter-electrode capacities and resistance amplifi-
cation. Ezpertmental Wireless and Wireless Engineer, 59, pp.419-
430; Aug., 1928.

(A study of resistance capacity coupled amplifiers with respect to distortion and
interelectrode capacities and resistance.)
Pfetscher, O. TUeber die Erregung sehr schneller elektrischen
Schwingungen in der Dreielektrodenrohre. (On the production
of oscillations of very high frequency by means of electron tubes.)
Phys. Zeits., 29, pp. 449-478; July 15, 1928.

(Treats analytically the production of very short waves of tube oscillations and
shows like Barkhausen and Kurz that the finite time for the electrons to pass to the
respective electrodes produces a phase difference. The Gill-Morell oscillations are
treated theoretically. The theory also explains the effect of the grid potential on the
frequency even though the external circuit is kept unchanged.)

Martyn, D. F. (A reply to K. E. Edgeworth.) Frequency varia-
tions of the triode oscillator. Phil. Mag., 6, pp. 223-228; July,
1928. '
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(Deals with the major effects causing a variation in the frequepey of a triode
oscillator. States that the most important cause of frequency variation is the flow
of grid current, especially when the resistance is kept low and the frequency is not
too high. Reference is made to generator with zero grid current which kept the
frequency within one part in 100,000.)

David, P. La détection par lampe. (Detection by means of
electron tubes.) L’Onde Electrigue, 7, pp. 313-62; Aug., 1928.

(Theoretical and experimental data for the electron tube as a detector.)

van der Pol, B. The effect of regeneration on the received signal
strength. Proc. I. R. E., 16, pp. 1045-52; Aug., 1928.
(Gives the theory and experimental verification of it for the effect of regeneration
on signal strength.)
Lion, K. Ein Wechselstromkompensatar mit grossem Freguen- '
zumfang. (An alternating current compensator with wide fre-
quency range.) Elekt. Nach.-Tech., 5, pp. 276-83; July, 1928.
(A phase shifter for audio and high frequency currents is described.)

Mallett, Prof. E. The resonance curves of coupled circuits. Ezp.
Wireless and Wireless Engineer, 59, pp. 437-42; Aug., 1928.

(An analytical treatment (vectorial method) of coupled circuit with the frequency

varied similar to the one described by the same author in the Feb. 1927 issue of
Ezperimental Wireless and Wireless Engineer for single circuits.)

Watanabe, Yasusi. Ueber die giinstigste Belastung des Hoch-
frequenz-generators. (On the most favorable load for a high-
frequency generator.) Elekt. Nach.-Tech., 5, pp. 2569-267; July,
1928.

(A theoretical artiele for the best load to connect to a high-frequency alternator.)

R200. Rapio MEASUREMENTS AND STANDARDIZATION

R201

R201.6

R214

R214

Clapp, J. K. A note on methods of rapidly adjusting a radio
frequency oscillator in small steps of frequency. Jnl. Opt. Soc.
of Amer., 17, pp. 132-37; August, 1928.

(Describes rapid methods of adjusting the frequency of a generating set by aural
methods using auxiliary pgenerating sets and a tuning fork. Discusses accuracy
obtainable.)

Ferguson, J. G., and Bartlett, B. W. Measurement of capacitance
in terms of resistance and frequency. Bell System Tech. Jul., 7,
pp. 420-37; July, 1928.

(Deseribes an adaptation of the Wien Bridge for the determination of capacity.)

Wheeler, L. P., and Bower, W. E. A new type of standard fre-
quency piezo-electric oscillator. Proc. I. R. E., 16, pp. 1035-44;
August, 1928.

(Gives a new type of giezo—el%tric oscillator, for which the oscillations ere sus-
tained by an acoustic feedback.)

Hund, A. Notes on quartz plates, air gap effect, and audio-
frequency generation. Proc. I. R. E,, 16, pp. 1072-78; August,
1928.

(The effect of supersonie sound waves taking place in a crystal holder is discussed.
The energy curve is given with respeet to the air gap in the crystal holder. van der
Pol’s relaxation oscillations are suggested in the circuit for obtaining very accurate
low-frequency current from a high-frequency crystal.)
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Griffiths, W. H. F. The measurement of small variable capacities
at radio frequencies. Ezperimental Wireless and Wireless Engineer,
59, 452-59; August, 1928.

(A new method is given for calibrating small capacities.)

Bryan, A. B., and Sanders, I. C. The dielectric constant of air
at radio frequencies. Physical Review, 32, pp. 302-10; August,
1928.

(Value of dielectric constant of dry air free from carbon dioxide deterinined as
1.0005893 for standard conditions of temperature and pressure. The method is a
modification of the usual heterodyne beat arrangement.)

Obata, Juichi. The ‘“Ultramicrometer,” a new instrument for
measuring very small displacement or motion, and its various
applications. Jnl. Opt. Soc. of Amer., 16, pp. 419-32; June, 1928.

(Describes the construction and various examples of applications of the ultra-
micrometer for measuring a small displacement or motion utilizing a generating
electron-tube circuit. The displacement or motion to be measured is made to produce
either a change in capacity or in the eddy current loss, and in consequence a cor-
responding ‘change in the plate current of the tube.)

R300. Rapio APPARATUS AND EQUIPMENT

Jouaust, R., and Decaut, B. Note sur quelques perfectionne-
ments des amplificateurs a courant continu. (Notes on some
perfections on d.c. amplifiers.) L’Onde Electrique, 7, pp. 306-08;
July, 1928.

(A straight two-stage d.c. amplifier is used with the first tube having a large
amplification factor. In one case a special tube is employed in the first stage with
2 narrow mesh grid and a large anode (4« =36). In another case a double-grid tube
is used with the two grids connected together.)

Hund, A. Notes on aperiodic amplification and applications to
the study of atmospherics. Proc. I. R. E, 16, pp. 1077-78;

August, 1928.

(A circuit for aperiodic amplification is given and the main differences between
aperiodic amplification and amplification of harmonic voltages are brought out.)
Reppisch, H. Uecber die Spannungsverstirkung mittels Trans-
formatorenkopplung beim Niederfrequenzverstirker. (On volt-
age amplification by means of transformer coupling for the low-
frequency amplifier.) Zeits. f. Hochfrequenz., 32, pp. 22-24;
July, 1928.

(A derivation of the relations for transformer coupled amplification (audio fre-
quency).

Kirke, H. L. Microphone amplifiers and transformers. Ezperi-
mental Wireless and Wireless Engineer, 59, pp. 443-51; August,
1928.

(A continuation of the article appearing on p. 370 in the July issue. Deals with
the effects of coupling between stages of an amplifier. Takes inter-electrode capacity
into account.)

Thomson, J. M. Characteristics of output transformers. Proc.
I. R. E,, 16, pp. 1053-64; August, 1928.

i (Discusses analytically and by means of tests, the charaeteristics of output trans-
ormers.
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Kimmell, W. J. The cause and prevention of hum in receiving
tubes employing alternating current direct on the filament.
Proc. I. R. E, 16, pp. 1089-1106; August, 1928.

(The effect of the filament which is heated with a.e. on the quality of reception is
discussed.)

Bell, Eric i. A valve-maintained high-frequency induction fur-
nace and some notes on the performance of induction furnaces.
Proc. Phys. Soc. (London), 40, pp. 193-205; June 15, 1928.

(Gives clectrical design of an induction furnace and gives a general theory of the
behavior of induction furnaces. Experimental results given supporting the theory.)

Hund, A. Générateur des courants de fréquence audible et
réglable a stabilisation piézo-electrique. (Generator for audio
currents of adjustable frequency with piezo-electric stabilization.)
QST Francais, 9, pp. 16-19; August, 1928.

(A translation of Bureau of Standards Scientific Paper No. 569, giving a method
of producing audio currents of variable frequency and good wave form.)

Wechsung, H. Rghrengenerator grosser Leistung fir sehr kurze
elektrische Wellen. (Tube generator of large rating for very
short waves.) Zeits. f. Hochfreq., 31, pp. 176-83; June, 1928.

(A circuit is discussed by means of which 700 watts energy for code modulation
and 300 watts energy for speech modulation can be generated. Waves down to 4.2
meters were produced.)

Hollmann, H. E. Telephonie auf extrem kurzen Wellen. (Tele-
phony with extremely short waves.) Elekt. Nach.-Tech., 5, pp.
268-75; July, 1928.

(The author describes a system for telephony with wavelengths between 30 and
100 cm. It is also shown that the Barkhausen and Gill and Morrell oscillations can
oceur simultaneously.) ‘

Liibeke, E. Eine Gross-Verstirkerrohre mit Quecksilberdampf.
(A power amplifier tube with mercury vapor.) Zeits. f. Hochfreq.,
32, pp. 1-10; July, 1928.

(An amplifier tube using a mercury arc is described. The internal resistance is
only 70 ohms and the tube seems promising for heavy current work.)

Ogawa, W. Analogy between the crystal detector and a vacuum
tube. Phil. Mag., 6, pp. 175-78; July, 1928.

(The author explains the rectification of a crystal detector by means of a difference
of electrons emitted from each electrode. According to his views there is no sub-
stantial difference between a crystal detector and a vacuum-tube rectifier except
the metallic conduction at the real contact points in the former.)

Regler, Fritz. Vorlaufige Mitteilung uber die Theorie des
Kontaktdetektors. (Preliminary communication on the theory of
contact detectors.) Phys. Zeits., 29, pp. 429-36; July, 1928.

_ (The author divides contact rectifiers into two classes. For the first class rectifica-
tion is due to electrostriction (piezo-electric effects); and for the other, due to different
values of electron affinity for different materials. Many of his conclusions are based
on & paper by G. G. Reisshaus, Phys. Zeits., 28, 223, 1928.)

Beck, P. Weitere Mitteilungen zum Kristalldetektor problem.
(Further communication on contact detectors.) Phys. Zeits.,
29, pp. 436-37; July, 1928.

(Describes experimental work with galena-silver, galena-copper and galena-stee
contact rectifiers. Microscopic observations of the contact surface have been made
in addition, and the results seem to be in agreement in several ways with the ones
due to G. G. Reisshaus.)
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Trogner, A. M. Mica condensers for high frequency. QST, 12,
pp. 47-49; September, 1928.

(Gives method of connecting small mica condensers for use in high-frequency
transmitting sets.)
Lee, E. S. Cathode-ray oscillographs and their uses. General
Electric Review, 31, pp. 404~12; August, 1928.

(Describes principles of cathode-ray oscillograph and commerecial instrument, in
which photographic records can be made. Ilustrations are given for its use on various
problems including radio.)

R400. Rapio COMMUNICATION SYSTEMS

Jones, L. J,, and Osborn, W. M. Humber radio station. Post
Office Elec. Engrs. Jnl., 21, pp. 159-64; July, 1928.

(Description of station located at Mablethorpe, Lincolnshire.)

Dubois, R. Installation télégraphique 3 haute fréquence avec
appareils ‘“Télétype” réalisée sur une lique de transmission
d’énergie a 60,000 volt de la Société d’Electricité du Tarn.
(Telecommunication over the 60,000-volt transmission line of
the Société d’Electricité of Tarn.) Revue Gen. de L’ Electricite,
28, pp. 997-1003; June 9, 1928.

(Describes the installation of the “Télétype” system for sending messages over a
high-voltage line. The line is 90 km long and rated at 60 kilovolts. The system works
entirely automatically and gives the messages directly in ordinary writing.)

R500. AppLicaTiONS OF RADIO

Krueger, K., and Plend], H. Zur Anwendung der kurzen Wellen
im Verkehr mit Flugzeugen: Versuche zwichen Berlin und Madrid.
(On the application of short waves to aeroplanes: Experiments
between Berlin and Madrid.) Zeiis. f. Hochfreq., 31, pp. 169-76;
June, 1928,

(It was found that 46 m would work over a distance of 1400 km during daytime with
2 watts output, but a distance of 2000 km could hardly be covered even if 300 watts
were used. The wavelength between 27 and 30 m seemed to work best during day
and night time for a distance of 2000 km. 300 watts energy in the antenna would give
a sure communication on ground. For flights, 30 watts gave a fairly dependable
service. The band between 16 and 19 m was nearly as good. It was generally found
that 300 watts and 30 m wavelength was dependable.)

Experiments in underground communication through earth
strata. U. S. Bureau of Mines Technologic Paper No. 433.

(Includes data on radio methods applied to such communication.)

Larner, E. T. Practical television (book). Published by Ernest
Benn, Ltd., London.
(Reviewed in Nature, 122, No. 3068, Aug. 18, 1928.)

R800. Non-Rap1o SUBJECTS

Berg, Ernst J. Heaviside’s operational calculus as applied to
engineering and physics. General Electric Review, 31, pp. 444-51;
August, 1928,

(Reviews Heaviside's operational ealculus for the case of the asymptotic solution.)
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Hubbard, J. C., and Loomis, A. L. The velocity of sound in
liquids at high frequencies by the sonic interferometer. Phil
Mag., 5, pp. 1177-90; June, 1928.

(A method is described where the velocity of sound in liquids is determined by

means of standing waves generated by a quartz oscillator producing high-frequency
vibrations. Thermodynamic coefficients of liquids are computed from the velocities
obtained at different temperatures.)
Hehlgans, F. W. Uber Piezoquarzplatten als Sender und Empf-
dnger hochfrequenter akustischer Schwingungen. (On piezo-
electric quartz plates as sender and receiver of supersonic sound
waves.) Annalen der Physik, No. 12, 86, pp. 587-627; 1928.

(Experimental investigation of vibrating quartz plates for acoustic work.)

Trendelenburg, F. Zusammenfassender Bericht. Uber neurere
akustische und insbesondere elektroakustische Arbeiten. (Sum-
mary of electro-acoustic methods.) Zeits. f. Hochfreq., 32, pp.
27-34; July, 1928.

(A compilation of acoustic methods used in a radio laboratory.)

Wynn-Williams, C. E. The application of a valve amplifier to
the measurement of x-ray and photo-electric effects. Phil. May.
6, pp. 324-34; August, 1928.

(The author applies a two-electron tube bridge circuit to the measurement of x-ray
and photoelectric effects.)

Schindelbauer, F. Radioaktive Niederschlige auf Hochantennen
(Radioactive effects on antennas.) Phys. Zeits., 29, pp. 479-87;
July 15, 1928.

(Uses antennas to study atmospheric potentials. It is shown that the wertical

current is mostly due to a radioactive deposit. The current increases with increasing
air pressure and with increasing temperature of the ground.)
Liwschitz, M. Verhalten des selbsterregten Generators beij
kapazitiver Belastung. (Control of the speed of d.c. motors by
means of electron tubes.) Wissen. Veroff. aus dem Siemens
Konzern, 6, pp. 23-25; 1927.

(The voltage which is proportional to the r.p.m. is applied to a regular electron
tube. The plate current of the latter affects the field of the motor.)
Kipfmiiller, Karl and Mayer, Hans F. Sur les phénomendés
transitoires dans les lignes pupinisées et le moyen d'y remédier.
(Propagation of signals along conductors using Pupin coils.)

(Deals in detail with phase distortion and suggests filters for overcoming such
distortion. Theoretical and experimental data prove their usefulness.)

Affel, H. A., Demarest, C. 8., Green, C. W. Carrier systems of
long distance telephone lines. Bell System Technical Jnl., 7,
pp. 564-629; July, 1928,

(This paper is a continuation of the development of carrier systems on long
distance telephone lines.)
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Los Angeles, 1444 So. Norton Avenue........... Buffinger, Willia:
Los Angeles, 1441 W_51 Place. .. .. ............ Hill, Alfred LeRoy
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Chicago, 1544 North Dearborn................. Nourse, Philip R.
Chicago, 4430 Clifton Avenue........ .... .Turner, C. G.
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Kewanee, 219} West Second Street .. ..... . ..... Larson, Clifford L.
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Indiana Indianapolis, 1036 Eugene Street. ...... .. ..... Byers, Russell R.
Valparaiso, 402 Monroe Street............... .. Alexander, Leslie Alpheus
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New Orleans, 2655 Canal Street.......... ... ... Rabito, A. Paul
Massachusetts Cambridge, Massachusetts Institute of Tech-
ROLOEYE v 1ra: @ 9's w et Suh s mTE X ......... Barrow, W. L.
Cambridge, 28 Gorham Street.......... .. . ....Shen, Pinlu
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West Virginia
Canada

China
England

Germany
Japan

South Africa

Indiana
Louisiana
Massachusetts
New York

Pennsylvania
England
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Buffalo, 1204 Kensington Avenue.......-. . ....Carmody,

aymond P. M.
Buffalo, 62 Mandan Street..................... Deane, Harold A,
Buffalo, 291 South Elmwood Avenue....... ....Flutka, Ralph M.
Buffalo, 778 Washington Street Lord, Harry Ra%mond
Buffalo, 116 Hartwell Road ......Morrison, John F.

Pritchard, John A.

.. Wright, George A.
.Bender, Martin, Jr.
.Falrburn A J. B.
-Moore, E. B.

. Kichijiro, Kobayashi
.Vaughan, Carroll B

Buffalo, 131 Peabody Street
Buﬁulo, 176 Laurel Street .

New York City, 1343 Herschell Street, Bronx.
New York City, Cooper Union, Cooper Square
New York City, 72 Cortlandt Street, Room 30
New York City, 50 Church Street, Room 1467
New York City, 252 Lexington Avenue. . ..

Tonowanda, RF.D. No. 1..................... King, Francis N.
Alliance, 209 E. Prospect Street ........... ... Mitchell, H. J.

New Phlladelphla, 2'12 Second Street, N. W._.. . Murray, Charles J.
Ravenna, Box No. 4.......................... Rettig, Floyd A.
Youngstown, 106 Ca.rroll Streets’s s b wodiikima. - Wilkins, Bernard T.
Aldan, Delaware Co., 57 Glenwood Avenue. ... ..Trainer, George T.

Erie, Hotel Ford. . .o ool MecHenry, Charles.E,, Jr
Philadelphia, 1421 Arch Street................. Frederick, Calvin A
Philadelphia, 4302 Ogden Street. .., ..... Y .Rabmothz Meyer
Philadelphia, 6162 Algard Street............... Roberts,

Richard Pebworth
Pittsburgh, N. 8., Bellevue, 520 Bayne Avenue...Dauber,
Albert Edward, Sr.

Pittsburgh, N. S., 9 Magnet Street............. Hayer, Henry J.
Reading, Avenue Radio & Electric Shop, 460

Schuylkill Ave........... .. ... Good, Horace D.
Seattle, 570 First Avenue So................... Foster, Nick Hight
Seattle, 5744-28th Avenue N. E.. . .......... .. Kuhn, Frederick S.
Fairmont, 1109 Alexander Place................ Beerbower, Robert Glenn

Kitchener, Ont., Benton Street .. .Pollock, Carl A,
.Crittle, W.J.

Long Branch P. O, Ont......... Wood, Hubert T. W.

Niagara Falls, Ont., P. O. Box 16 .lebles John

Toronto, Ont., 374 Jane Street. .. ... .Bayne, R.R.

Toronto Ont., 139 Sunny Side Avenu .Cormack, William A.

Toronto2 Ont, Canadian Westinghouse ‘Co. Lt,d .Thompson, Frank

Shanghai, Admiralty House.................... Chen, C. C.
Blackford, Lancs, 6 Springfield Road............ Cohen, Samuel H.
Great Harwood, Lancs., 20 St. Huberts Street. . . Hodkinson, Henry
North Stockport, Northdene, High Lane. . ...... Warner, Frederick F.
Sowerby Bridge, Yorks, “The Hollins”. ......... Whiteley, George M.

Bielefeld, Oberntorwall 29........ ..
leoshlmu No. 14 Kamiyanagi-machi
Ibaraki-ken, Makabe-gun, Katchi-mura, Funyu
Shimane-hen, Tobisumurs Hikawa-gun.. Sonoyama, Harutoshi
Marunouchi, Japan Wireless Telegraph Co. .Kanko, Go
Kojimachi Yaesucho, lItchome Japan ‘Wireless
. . -Simbori, Masayosi

..Mann, Theodore H.
. Tsumura, Kazuo
Fujikura, Keijiro

Yamaguchi, Usaburo
Yapp, William Gustavus

For Election to the Junior grade

Valparaiso, 712 Calumet Avenue. ... ......... .Sterns, Clarence C.

" New Orleans, 3706 Danneel Street.............. Dover, M. H.
Cambridge, 57 Gorham Street........... ....Chu, Y.
Buffalo, 219 Goodell Street.................... Weiss, Earl
New York City, 897 Faile Street, Bronx..... ....Sherman, Jesse B.
Rochester, 322 Hazelwood Terrace......... ... .Clonick, Theodore
Philadelphia, 1507 Forter Street................ Doherty, George H. M.
Marlborough, Wilts, 2 The Parade. ............. Cooper,

William Henry Rernard
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Condenser
Specialists

Offer an Unusual Service
to Set Manufacturers

Millions of Fast by-pass and filter
condensers are in daily use in
radio sets made by the leading
set manufacturers. They are
renowned for their high in-
sulation resistance and ex-
cellent and dependable clec-

trical characteristics.

Manufacturers looking
for a dependable source
of supply, keyed to
meet large produc-
tion problems, on
short notice, will

find here one of
the largest or-
ganizations of
its kind in
the world.

We make

one thing

and one

thing only—
wax impreg-
nated paper
condensers in
die-press steel
jackets, in medium

and large capacities

to fit every known
need in radio sets,
power units, etc. We
make no set hardware, no
eliminators, no transform-

ers, no parts, no sets. Our
entire concentrated effort is

on one product alone—con-
densers. Such specialization
assures highest quality, econom-
ical production and real service.

Send us your specifications.

&@Eﬂm@

Established 1919
3982 Barry Avenue, Dept. I.R.E., Chicago, U.S.A.
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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A. C. Detector
and Amplifier

Type M-26 (226)
A 1Y Volt A.C. Amplifier
using raw A.C. on the fila-
ment, through a step down
transformer.
For use in radio and audio
circuits

stages of using
this type of A.C. Tube.
List
Price ‘SZ'SO

s
orfedion
e

N-271

Type N-27 (227)

A 5 prong 215 Volt, A.C.
Detector of the separate
heater type. A.C. hum and

ripple negligible when
proper equipment is used.
May also be used as an
R.F. or A.F. Amplifier.
Non-critical to line voltage
fluctuations.
List
Price

R

$5.00

s

2 ¢35
TYPE -26
15v

45V
105 AMP e

175 AMP.

MEMBER

R¥M_ A

PRONQUNCED

SEE~CO

A C-TUBES

(Filament and Heater Types)

NDER the exacting requirements of A. C.
| ' operation, CeCo A. C. Tubes will fully

establish their high quality by their su-
perior performance.

Most noticeable, will be their better tone
quality—clearer reception—greater sensitivity—
the absence of annoying A. C. hum and of
prime importance—Longer Life—features par-
tially due to the exclusive CeCo process of
evacuation.

CeCo Tubes cost no more—but last longer
and are made in all existing types and in several
“special purpose” types for special uses.

Write for Complete Technical Data

CECO MANUFACTURING COMPANY, INC.
PROVIDENCE, RHODE ISLAND

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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CARDWELL CONDENSERS

I HIGH VOLTAGES
T

At high frequencies sometimes seemingly
play queer pranks, often little suspected and
E possible of circumven-
# tion only by patient ob-
servation and research.
More is necessary than
metals, insulating mate-
rials, artisans and ma-
chinery to produce a
condenser of the
highest  electrical
efficiency.

CARDWELL
TRANSMITTING
CONDENSERS are the
result of painstaking and
intelligent investigation
of the various phenom-
ena peculiar to conditions sur-
rounding high frequency circuits
at high potentials, translated into
practical and efficient condensers.

That’s why we say, “You're not gambling
when you choose a CARDWELL.”

From fine hefty units, fixed and variable,
for powers up to 50 K.-W. and more, to the
smallest receiving and neutralizing con-
“D densers, every CARDWELL condenser is
built to give the utmost in service and satis-
faction for the purpose it is required to

serve
Send for literature, or state
your requirements.
THE ALLEN D. CARDWELL MFG. CORP.

81 PROSPECT ST.
BROOKLYN, N. Y.

THE STANDARD OF COMPARISON

When writing to advertisers mention of the PROCEEDINGs will be mutually helpful.
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Making it GOOD —

then PROVING it!

How Hammarlund

Drum Dials are Tested

THE driving mechanism of the
new Hammarlund Knob-Con-
ttol Drum Dial will outlast the
receiver in which it is installed.
It will stand more than fifty years
of normal use.

In laboratory tests, made on
the machine pictured above, the
special silk and linen cable that
drives the drum withstood
363,600 full-range movements of
a heavy, four-gang condenser.

No fraying, no breaking, no
slipping, no backlash. We knew

have

it was good —now we
PROVED it.

Unique design permits the con-
trol knob to be placed anywhere
on the panel for attractive bal-
ance. Standard knobs are used
so that rheostats, volume control
and other panel instruments can
be exactly matched.

The escutcheon is mottled
bronze, richly embossed. Its
shape is graceful and well-
proportioned. It adds dignity
and beauty to the finest receivers.

Ask Your Jobber or Write direct to us

HAMMARLUND MANUFACTURING COMPANY
424-438 W. 33rd Street, New York

Write for
Hammarlund
Literature on
Other New |
Products

ammariund

PREC/ISION

PRODUCTS

Add the
Hammarlund
Prestige to
Your Own

When writing to advertisers mention of the PROCEEDINGS wwill be mutually helpful.
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No Finer Electric

Phonograph Motor

Pats. Pending List

Price $35'00

Including turntable

The PACENT *“PHONOMOTOR”*
offers these striking advantages

Induction type motor. No brushes, Motor frame gray iron casting
no commutators, no sparking, no . amply large to maintain true

interference. alignment of bearings.

Spring mounted. Absolutely in- Accessible highly efficient [ubri-
sulated against noise — spring cation.
cushion shock absorbers. .

friction and without damage to winding.

Oversize bearings, ball burnished, Motor may be stalled indefinitely
3 insuring minimum 7
long life. X

Felt friction cone—protects worm Extremely low power consump-
gear — insulates turntable from o

tion—15 watts—cost approximate-
motor noises.

ly 1Y cents for 10 hours.

Write for complete construction details and
information on installation.

PACENT ELECTRIC CO,, Inc., 91 Seventh Ave., New York City

Pacent “Phonomotor”

*Reg. U. S. Pat. Off.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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i
The broadcast of
the Army-Navy ! |
game last ﬂ‘;uzr
was enjoyed by
hundreds o §
thousands of fans |§&
all over the {“ 3

| Phillips Cartin
broadeasting
at one o the

The Big

big footdall
games,

Game Comes Over~~

BETTER~~CLEARER

ILLIONS of enthusiastic foot-

ball fans are listening this fall
to the play by play broadecasts of
America’s greatest games. They are
experiencing almost as keen enjoy-
ment as if they were sitting in the
stands. The voice of the announcer
comes to them clearly and distinetly
because their receiving sets are
Aluminum equipped.

Leading radio manufacturers are
using Aluminum extensively for
shielding, for condenser blades
and frames, for chasses, sub-
pancls, front panels and for many
other parts — because Aluminum
so ideally meets the varied condi-

tions that radio design presents.

Itcombines remarkableshielding
properties, high electrical conduc-
tivity, great strength and exireme
lightness.

Examine the set you contemplate
buying. Ifitis Aluminum equipped
you may rest assured that the man-
ufacturer has done everything in
his power to give you the finest
possible reception.

Andifyouarebuilding areceiving
set use Aluminum for finest resulis.

We will gladly send you the book-
let, “Aluminum For Radio,” which
explains the varied radio uses to
which Aluminum is adapted.

ALUMINUM COMPANY OF AMERICA

ALUMINUM IN EVERY COMMERCIAL FORM

>
2470 Oliver Building (%o
ALUMINUM

N<%

Pitisburgh, Pa.

Offices in 19 Principal
American Cities

ALUMINUM

The mark of Quality in Radio

HWhen writing to adwvertisers mention of the ProcEEDINGS il be mutually helpful.
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WANTED
eAn Engineer

A leading manufacturer of radio sets and ac-
cessories requires the services of a successful
engineer to undertake complete direction of
its well equipped engineering and research
laboratories.

He must have had experience in directing a
force of engineers. Up to the minute knowl-
edge of trends in radio manufacture and new
developments is necessary. Above all, he
must be a leader and an organizer.

There is no limit to the opportunity, and the
compensation will be in accord with ability
and results. The man who fills this position
will get unqualified support from directors
and officers.

All applications will be held in strict confi-
dence. Write fully regarding present posi-
tion and earnings, with details of past expe-
rience. State age, family, residence, and im-
portant personal details.

Our staff is informed of this advertisement.

Box 818, I. R. E.

XVI
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LAYING THE CORNERSTONE
OF OUALITY

and building an edifice of Confidence on a firm foundation of
Dependability and Service.
Polymet condensers and resistances for Radio and Television are
carefully made, carefully tested, accurately rated, and uniformly
dependable~—is it any wonder they are
Z/a[/ //!]y ths choice of 24 of tz:e R.C.A. llceynsed
wo ” manufacturers, many custom set build-
i ets, and television experimenters?

Send for the Polymet Catalogue

POLYMET MANUFACTURING
CORPORATION

591 Broadway, New York City

{
ORP '
cymaeT e CoR? |
m,‘“noul:"" by

POLYMET PRODUCTS

When writing to advertisers mention of the ProceepiNgs will be mutually helpful.
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ZRaytheong

Foto-(ell

Television sending
tube in hard vauum
or gas filled types.

Television yeceiving
tube adapted to all
systems.

List Price $7.50

Developments in Television

For many months Raytheon Laboratories have been de-
veloping numerous types and styles of Kino-Lamps, which
provide suitable light sources and light sensitive relays for
all systems. Among these are various types of spot glow
lamps as well as flat plate type—all of which can be made
to glow in white, blue, green, and various shades of orange.

Development of Foto-Cells has also progressed rapidly, so
that cells can be made which will respond to various fre-
quencies in the light spectrum.

These developments are also effective in phono-film, repro-
duction of sound and all systems where a sensitive light re-
lay or sensitive light source is needed.

We'll be glad to have your inquiries and to extend our co-
operation in the new art of television and other develop-
ments.

RAYTHEON MFG. CO., CAMBRIDGE, MASS.

When writing to advertisers mention of the PROCEEDINGS will be mutuaily helpful.
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Test Tubes

without

Batteries

Pattern
No. 150

Obviously, the elimination of A, B, and C batteries in tube
testing would save a lot of time and trouble in making connec-
tions, getting the right voltage combinations, besides saving cost
of batteries.

But that is what the Jewell Pattern No. 150 A. C.-D. C. tube
checker does. No batteries whatsoever are needed. All that is
required to prepare it for testing tubes is to plug the attached
cord into a 110 volt 60 cycle outlet, thus making use of alternat-
ing current.

Filament voltage is read on a 0-4-8 A. C. voltmeter and plate
current is read on a 0-15 milliammeter, which also gives a second
reading when the grid shift is used.

All tubes from the WD-11 up to the 210 can be tested.

This new tube tester is fully described in our descriptive circu-
lar No. 2204. Write for a copy.

“28 Years Making Good Instruments”

Jewell Electrical Instrument Co.
1650 Walnut St., Chicago

—JEWELL—

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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Quality Tells. an

the claims in the world do
not affect the judgment
of engineers.

On the Byrd Antarctic Expedition no chances
could be taken with faulty condensers in their
radio apparatus. It may be a question of life
and death. The lines of communication must
be kept open.

Dubilier Paper Condensers will do their part to
bring the expedition to a successful termination.

DUBILIER

CONDENSER CORPORATION
10 East 43rd St. New York City

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Radio ! Potte l.'ﬁ Products

Electrical || Condensers of Merit
Selected by
Leading Manufacturers
for their

Quality Long Life
Uniformity Economy

The operation of your radio set is insured by the use of
Potter Condensers built to meet your requirements.

Potter Condensers are built from the best materials in a fac-
tory devoted to the exclusive production of condensers.

There is a Potter Condenser made for each requirement and
should be selected with care.

Potter Interference Eliminator
The Remedy for Man Made Static

Do not allow your radio broadcast programs to be spoiled by
interference from oil burners, ice machine motors, violet rays,
vacuum cleaners, fans, etc.

The remedy, connect a Potter Interference Eliminator to the
line circuit at the point where the interfering device is con-
nected, and enjoy good reception from your radio set.

"\

A Condenser Assembly For Every Use

Potter Manufacturing Co.
North Chicago, Ill,

A Natioral Organization at Your Service

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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Here’s the Answer

to every question about the
principles, methods or appa-
ratus of radio, transmitting and
receiving.

THE
RADIO
MANUAL

A Complete Handbook for
Students, Amateur and
Commercial Operators,

Inspectors

By G. E. STERLING, Radio Inspector
and Examining Officer, Radio Divi-
sion, U. S. Dept. of Commerce.

Edited by ROBERT S. KRUSE, for five years
Technical Editor of QST.

16 Chapters Covering

1. Elementary Electricity and 9. Radio Broadcasting Equip- time in any text book
Magnetism ment including, for the description and circuit dia-

2. Motors and Generators first time in any text book. gram of Western Electric

3. Storage Batteries and tho complete equipment of Superheterodyne  Receiver
Charging Circuits Western Electric 5 Kilo~ Type 6004C

4. Theory and Application of watt broadcasting Trans- 13. Marine and Aijrcraft Radio
the Vacuum Tube mitter used in over 75% of Beacons and Direction

5. Fundamental Circuits Em- American broadcasting sta- Finders
ployed in Vacuum Tube tions 14. Tho Development of Ama-
Transmitters 10. Arc Transmitters including teur Short Wave Appara-

6. Modulating Systems Em- slescription of Federal Ma- tus. Complete details of
ploved in Radio Broad- rine 2 Kilowatt Arc*Trans- construction, operiation and
casting mitter Type AM 4151; also licenses

7. Wavemeters, Piezo-Electric models “’K” and “Q" 15. Radio Laws and Regula-
Oscillators, Wave Traps 11. Spark Transmitters includ- tions of tho U.S. and In-
and Field Strength Meas- ing description of Navy ternational Radio Tele-
uring Apparatus Standard 2 Kilowatt graph Cenvention Quota-

8. Marine  Vacuum  Tube Transmitter § tions of all important sec-
Transmitters including de- 12, Commercial Radio Receiv- tions
tailed description of Model ers and Associated Appa- 16. Handllng and Afstracting
ET-3626 ratus including, for first Trafiic

Order On This Coupon

E ine It F

| D. VAN NOSTRAND CO., INC.

l 8 Warren St., N.Y.

Send me THE RADIO MANUAL for examination.

| Within ten days after receipt I will either return
“The Radio Manual”® will be ready for the volume or send you $4.95.—The special ad-
delivery in a few days. Over 900 pages l vance price.

!

Special Low Price Now

bound in flexible Fabrikoid. Regular
price after publication will be $6.00. Or-
ders received now will be accepted at the
special advance price of $4.95. Send no
money now. Examine the book first.
Pay or return in ten days.

St and| Number... . b e iieish s is sl ok awh §
City and IStatew. .. Fiulres s i 5 Lhes al b ek i i el

When writing to odvertisers mention of the PROCEEDINGS will be mutually helpful.
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RADIO

Larss

o/ [oRMICA‘

FOR fifteen years Formica has been supplied in

changing forms to suit the convenience of the

radio engineer and producer, In the early days
it was sold in whole sheets and whole lengths of
tubing and fabricated largely by hand by the radio
builders. Then there were decorated front panels
printed in gold and silver. Now there are sanded or
threaded tubes punched and cut to length; washers;
shelves; sub panels and terminal strips most of them
shipped already to assemble.

Atlarge expense Formica equipment has been changed
from year to year to provide production in quantity at
all times of insulating parts that would meet the re-
quirements of the moment. And the quality and uni-
formity of the material has also steadily advanced.

THE FORMICA INSULATION COMPANY
4646 SPRING GROVE AVENUE
CINCINNATI, OHIO

ORMICA

Made from Anhydrous Bakelite Resins
. SHEETS TUBES RODS

When zweriting to advertisers mention of the PROCEEDINGS will be mutually Felpful.
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Removes the “Mathematics”’
from Eliminator Design

TRUVOLT
DIVIDER

A Univeral
Voltage Separator

U. S. Pat. No. 1676869
and Pats. Pending

AN ADJUSTABLE RESISTANCE BANK to be
used in B and C sections of power supply designed to
take care of any desired load with a generous safety
factor. It is flexible to all receiver current conditions.
It is invaluable in laboratory work, where a minimizing
of routine mathematical calculations and rewirings in-
creases experimental efficiency.

The adjustable taps of the Divider are calibrated and
desired voltages can be ascertained merely by use of
convenient tables and graphs.

Can be mounted flat or upright on wood, bakelite or
metal sub-panel. No need of output panel. Soldering
lugs are provided on each tap for connecting by-pass
condensers.

Price $12.50 complete

Send for free descriptive booklet giving hook-up
diagrams, curves and tables,

Electrad specializes in a full line of controls for all
Radio purposes, including Television.

Dept. A-11, 175 Varick Street, NEW YORK

IWhen zeriting to adiertisers mention of the ProCreEpInGs will be wmutually helpful.
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The Guiding
Hand

Hour after hour a graceful
monoplane throbs across a
vast ocean, searching a path
from continent to continent
through fog and storm. Like
a mighty helping hand rising
from the depths, radio points
the way and keeps a non-
dering world informed.

THE tiny wires which constitute the
radio apparatus arc the unseen nerves
which are sustaining the navigator of the air on
his trackless route. They must respond instant-
ly to every command. Without the radio ap-
paratus, which is an essential part of every long
distance plane, the conquest of the air would be im-
possible.

Dependable magnet wire and coils are indispensable
—for one failure—one short circuit—might mean
disaster.

Dudlo takes pride in its belief that in making copper
wire products which stand the severest tests, it is
contributing to man’s triumph over the elements.

DUDLO

DUDLO MANUFACTURING CO., FORT WAYNE, IND.

Division of the General Cable Corporation

56 Earl Street 105 West Adams St. 4143 Bingham Ave. 274 Brannan St.
NEWARK, N. J. CHICAGO, ILL. ST. LOUIS, MO. SAN FRANCISCO, CALIF.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Radio **First Aids”

O those who service existing

sets under all kinds of condi-
tions, quite as much as those who
design and produce radio products,
the Clarostat line must always be
a first-aid proposition.

There is the Clarostat Antenna
Plug, which converts any electric
light socket or outlet into an ideal
wave interceptor, either alone or in
combination with an antenna. It
solves the problem of

the radio “dead spot”
in most instances.

There is the Duplex
Clarostat, which pro-
vides two fixed resist-
ances of any value de-

termined by the mere

twist of your screw-
driver.

There is the Table
Type Clarostat,
which provides ad-
justable resistance in
handy form for plate
voltage, loud-speaker,
sensitivity or other
control.

And there are many other
Clarostat devices intended
for those who render first
aid to radio listeners-in, as
well as for those who supply
the initial equipment.

Write for data describing the full line of Clarostat devices as well as

their applications.

If you are an engineer for a radio manufac-

turer, write on your firm letterhead and we shall place your name on our

technical bulletin mailing list.

Clarostat Manufacturing Company, Inc.

MgMmBoER

RYM
289 N. Sixth St.  :-:

Specialists in Variable Resistors

Brooklyn, N. Y.

—CLARQOSTAT—

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Row upon row of

Elkon Rectificrs  asmiids ’

being seasoned under the care- .

ful eyes of shilled workers Elésog;klr‘éﬁ;. Dept. E-40, 350 Madison Ave.

We are interested in E.kon Rectifiers for Dynamic Speakery

“A” Eliminators. Send the Engineering Bulletins to

When writing to advertisers mention of the PRoCEEDINGS will be mutually helpful.
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Radio

- Is - BETTER - With . Dry - Battery -

made to-run

the full race!

Q/{NY horse can make a good start . . . . . . But it takes
real stamina to finisk! fSo it i3 with batteries. Staying power
is the quallty to look for—unfailing power over a long period
of service. Millions prefer Burgess Chrome Batteries for just
this reason. They hold up . . . . . . They last. fNext time,
buy black and white striped Burgess Chrome Batteries. You
are certain to get longer and better service for your money.
C‘lé —the preserving element used in leather, metals, paints
7°0772€ and other materials subject to wear, is also used in Bur-

gess Batteries. It gives them unusual staying power.
Burgess Chrome Batteries are patented.

Ask Any Radio Engineer
BURGESs BATTERY COMPANY

General Sales Office: CHICAGO
Canadian Factories. and Offices: ngara Falls and Winnipeg

BURGESS BATTERIES

When awriting to advertisers mention of the Procerpings soill he mtually helvful.
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- —\
Fixed and Adjustable Resistors
jor all Radio Circuits

BRADLEYUNIT-B

RADIO manufacturers, set builders and experimenters demand
reliable resistors for grid leaks and plate coupling resistors.
For such applications Bradleyunit-B has demonstrated its
superiority under all tests, because:

I—Resistance values are constant 4=—Adequate current capacity

irrespective of voltage drop across _ id- =
resistors Distortionis thusavoided §t,,’fc"ﬁ§:d’ P e EoR

2—Absolutely noiseless
3==No aging after long use
Use the Bradleyunit-B in your radioé circuits

6=~Easily soldered.

L]

7/ TR

RADIOSTAT

This remarkable graphite compression rheostat, and other types
of Allen-Bradley graphite disc rheostats provide stepless, velvet-
smooth control for transmitters, scanning disc motors and other
apparatus requiring a variable resistance,

LABORATORY RHEOSTAT

Type E-2910—for general laboratory service. Capacity 200 watts.
Maximum current 40 amperes. A handy rheostat for any laboratory.

Write §or Bulletins Today!

Allen-Bradley Company

282 Greentield Avenue Milwaukee, Wisconsin

A\ i

When writing to advertisers mention of the PROCEEDINGs will be mutually helpful.
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HE new Temple Dynamic Speaker is now available

to manufacturers. This is the latest development
of the renowned Temple engineering staff and it will
give radio buyers a new appreciation of real radio re-
ception. Its range covers the entire audible scale, with
volume aplenty for a small au-
ditorium if desired—yet it may
be operated at a whisper with-
out loss of quality. Made for
manufacturers in three chassis
models: Model 10, 110 Valt,
A.C., 60 cycle; Model 12, 110
Volt, A.C., 25 cycle; Model 14,
110 Volt, D.C.

AIR COLUMN and AIR CHROME MODELS

The renowned Temple Exponential Air Column Speakers are
available in several types and sizes. They will fit practically
any cabinet or console for size.

The sensational Temple Air Chrome Speakers can also be
had in manufacturers’ types ranging from a small 9”x21"” to
a 24""x24” speaker.

Write For Full Particulars and Prices

TEMPLE, INC.
1925 S. Western Ave., Chicage, U. S. A.

Leaders in Speaker Design

(%\ = %%)
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PROGRESS

IN SPITE OF THE LOSS IN
PRODUCTION DUE TO
MOVING-SHIPMENTS FOR
OCTOBER EXCEEDED FOUR
TIMES THOSE FOR THE
SAME MONTH LAST YEAR.

WE NOW HAVE FACILI-

TIES FOR OVER FORTY

THOUSAND MICROFARADS
PER DAY.

RCRMCON

CONDENSER CORPORATION OF AMERICA
259-271 CORELISON AVE. JERSEY CITY, N. .

writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Are you Trying to Drive Your

Set with a PIGMY Motor?

THE cabinet may be large and impos-
ing. It may be made from the finest
woods, and yet your set may be compared
with a luxurious car with a2 156 inch
wheelbase and driven by a 20 horsepower
motor. The audio amplifier may be com-
pared with the ignition; the “B” supply
to the motor in your automobile.

A motor car is judged by its speed; its
hill climbing record; its pulling power in
sand and mud; its ability to “stand-up”
delivering constant smooth power for
thousands of miles.

A radio set today is judged by its ability
to reproduce the music as if is played, not
*radsoed music” with the inevitable loss
of tones and overtones both in the treble
and the bass. The audio amplifier is re-
sponsible for the tone efficiency—
the “B” supply is responsible for
building it up and adding the

timbre which means the difference be-
tween mediocre and natural music.

Your tuner may be the best on the mar-
ket—give it a chance to deliver the fine
music of which it is capable. Replace rour
audio amplifier with the AmerTran Push-
Pull Amplifier. Replace your “B” Batteries
or“B”supply with the AmerTran ABC Hi
Power Box which supplies 500 volts DC
plate current, and sufficient AC filament
current to transform any set from DC to
AC operation. Of course it may be used
with the new AC sets.

Use a power plant worthy of your set.
The difference in tone efficiency is so great
that words cannot describe it. It is the
difference between a dull, ¢loud filled
sky and the brilliance of bright sunlight.

AMERICAN
TRANSFORMER
CO.

Transformer Builders for over
28 ysars

224 Emmet St.

Let your ears tell you the difference. You

Newark, N. J.

owe it to yourself to hear what is possible
in Radio.

Both units licensed under pavints owned or con.
srobled by RCA, and may be boughs with tubes.
Prices Power Amplifier $60.00

‘™ ABCHiPowerBox $95.00
Both without tubes
Slightly higher west of the Rockies

AMERICAN TRANSFORMER CO.
224 Emmet St., Newark, N.J.

[J Kindly send complete information on
the AmerTran Push-Pull Amplifier and
A BC Hi-Power Box.

Name
Address
City.

When writing to advertisers mention of the PROCEEDINGS will be wmutually helpful.
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AIL addressed to members of the Institute as listed

below, has been returned by the Post Office Depart-

ment as being unclaimed. Members knowing the
present address of any of these members will render a service
to the Institute by advising the Secretary thereof.

Albert, Wm. V., ¢/o General Delivery, Reading, Pa.

Annett, Earl, 1054 S. Main St., Ann Arbbr, Mich.

Fink, Wm. D., 418 S. Orange Ave., Newark, N.].

Flynn, Roy M., 2510 Grand Ave., Dallas, Tex.

Halligan, W. J., Fairview Ave,, Randolph, Mass.

Harrington, F. H., 1538 Wilcox Ave., Hollywood, Calif.

Houdyshell, Lowell B., 1056 S. Normandie Ave., Los Angeles, Calif.

Hull, Capt. W. J. H.,, c/o Messrs. Lloyds Bank, Ltd.,, 6 Pall Mall,
London, Eng.

Hunt, Henry T., Jr., 2632 Clienview Ave., Cincinnati, Ohio.

Kelly, Claude H., 23134 W. 19th St., Houston, Tex.

Kent, Oliver C., 1332 W. 41st Pl, Los Angeles, Calif.

Lighty, Russel D., Ludington, Mich.

McElroy, W. R,, ¢/o W. R. McElroy Co., Federal Reserve Bldg., Pitts-
burgh, Pa.

Mossman, F. B, 5212 Ravenna Ave., Seattle, Wash.

Paggi, Martin M., Radio KFWO, Avalon, Catalina Island, Calif.

Soderberg, Arnold J., 2552 Foothill Blvd.,, Oakland, Calif.

Sturtevant, J. W., 1242 Bonnieview Ave., Lakewood, Ohio.

Swanson, John W., 273 Tessamine Ave., Yonkers, N.Y.

Whitney, Chas. L., Tropical Radio Telegraph Co., 321 St. Charles St.,
New Orleans, La.

Woodcock, Norman A., 66 West 88th St., Brooklyn, N.Y.

——————————e— —
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PROFESSIONAL ENGINEERING DIRECTORY

For Consultants in Radio and Allied Engineering Fields

The J. G. White
Engineering Corporation
Engineers—Constructors
Builders of New York Radio
Central
Industrial, Steam Power, and Gas
Plants, Steam and Electric Rail-
roads, Transmission Systems.

43 Exchange Place New York

Electrical Testing
Laboratories
RADIO DEPARTMENT
also

Electrical, Photometric,
Chemical and Mechanical
Laboratories

80th Street and East End Ave.
NEW YORK, N. Y.

QRV
RADIO SERVICE, Inc.

JOHN S. DUNHAM
J. F. B. MEACHAM

Devoted to Servicing Broadcast
Receivers Exclusively

1400 BROADWAY, NEW YORK
WISCONSIN 9780

ROBERT S. KRUSE

Consultant for development of
Short-wave Devices

103 Meadowbrook Road
WEST HARTFORD, CONN.

Telephone, Hartford 45327

BRUNSON S. McCUTCHEN
Consulting Radio Engineer
17 State Street
NEW YORK

Complete Line of
RADIO PANELS, TUBING,
RODS AND INSULATING

MATERIALS
Machining and Engraving to
Specifications
TELEVISION KITS, DISCS, NEON

TUBES, PHOTO ELECTRIC CELLS
AND ALL PARTS

Write for Catalog
Insuline Corp. of America

78-80 Cortlandt St., N. Y.
Coreland: 0880

AVAILABLE:

As a partner or associate to a
small manufacturer or distrib-
utor with a meritable proposi-
tion.

Graduate electrical engineer with 6
years design nork and shop super-
vision and well versed in the tech-
nical manufacturing details of radio
and electrical specialties.

Address Fox 816—IL.R.E.

Drilling,

John Minton 1. G. Maloff
JOHN MINTON, Ph.D.

Consulting Engineer
for
Developing = Designing —
Manufacturing
of

Radio_Receivers, Amplifiers, Transform-
ers, Rectifiers, Sound Recording and
Reproducing Apparatus.

Radio and Electro-Acoustical
Laboratory

8 Church St. White Plains, N. Y.

When writing to advertisers mention of the PRroceepiNGs will be mutually helpful.
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NEW PLUG-IN COILS
FOR

SHORT WAVE RECEPTION

Electrically correct coil form design.

One piece moulded bakelite rib
construction.

. Mdl‘; &

Threaded Ribs afford accurate spacing
of heavy copper enamel wire.

Coils fitted with six plugs allowing
three independent windings per form.

—
m—
S—
-
=
——
ey
-
=

Minimum amount of dielectric in coil

field.

Mechanically rugged—built to operate
under any climatic conditions.

One piece moulded bakelite base fitted
with six spring contacts.

Coils adaptable to all popular short
wave circuits.

Ideal for low powered transmitters
(up to 30 watts input).

These new REL plug-in coils may be purchased siugly
to cover specific channels; they are supplied in kit
combinations for the new 1929 amateur channels. They
also may be purchased singly or in kit combination for
various low powered transmitting circuits. The coil
forms may also be purchased un-wound if so desired.

Literature describing these new plug-in coils and the new variable
condensers, which we announced in the last issue of the Proceed-
ings is ready for distribution.

o o

MANUFACTURES A COMPLETE LINE OF
@ APPARATUS FOR SHORT WAVE TRANS.

MISSION AND RECEPTION.

o o
RADIO ENGINEERING LABORATORIES
100 Wilbur Ave. Long Island City, N.Y., U.S.A.

When writing to advertisers mention of the PROCEEDINGS twill be mutually helpful.
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Wherever insulation of
high qual ty is needed for
the short wave antenma or
parts for the receiver or
transmittes, give Isolantite
a trial. A bulletin con-
taining =pecifications of
over a hundred standard
types anc parts is imme-
diatelv asailable. It may
prove interesting as well
as profitable to marufac-
turers anc radio communi-
cation intzrests.

lantite Company of America

( [ncarpomted )

New York Sales Offices
551 Fifth Ave., New York City

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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“ESCO”

Synchronous Motors for Television

In addition to building reliable and satisfactory motor generators,
“Esco” has had many years of experience in building electric
motors for a great variety of applications.

Synchronous motors, small, com-
pact, reliable, self starting are
now offered for Television equip-
ment. They require no direct
current for excitation, are quiet
running and full guaranteed.

Other types of motors suitable
for Television may also be sup-
plied.

Write us about your requirements.

Type P Three Unit Motor Generator

*ESCO” two and three unit sets have become the accepted stand-
ards for transmission. The “ESCO” line consists of over 200
combinations. These are covered by Bulletin 237D.

How can “ESCO” Serve You?
ELECTRIC SPECIALTY COMPANY

TRADE ¢“ESCQ’’ MARK
300 South Street Stamford, Conn.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Now—Ample
Theatre Volume
at Low Cost

—for small theatres or
dance halls, the 678PD

Used with any dynamic speaker having a
90 to 110 volt fie[d—or with two dynamic
speakers and supplying field current to one
—the new S-M 678PD Phonograph Am-
plifier will take the input from any phono-
graph magnetic pick-up—or from the detector
of any radio set, using an adapter plug—and
boost it to the tremendous volume output of
a 250 type tube with the tone fidelity and
freedom from hysteretic distortion provided
only by the new. S-M Clough-System audio transformers. It operates en-
tirely from any 105 to 120 volt, 60 cycle light socket and requires one
UX281, one UX226, and one UX250 tube. Price of complete kit, $69.00;
or wired $73.00.

—for large theatres and all public-address
purposes, the new Rack-and-Panel
type “PA” amplifiers

Ample volume for theatres, large dance halls, audi-
toriums and public occasions, with the unequalled tone
quality of S-M audio equipment, is assured by the
new “PA” amplifiers. The unit method of assembly
is utilized to the fullest extent and provides low cost,
flexibility, and easy installation for what must always
remain individually engineered installations. They
open up a tremendous opportunity to men competent
to install them in apartment houses, hotels and other
public places. As many units as necessary may be
used to operate any number of speakers desired. “PA”
type amplifiers derive all power, except microphone
battery, from any 105 to 120 volt, 60 cycle AC light
socket.

Full information on these new amplificrs, as well as the new
24 page S-M catalog, will be mailed free on request.

SILVER-MARSHALL, Inc., 862 W. Jackson Blvd.
CHICAGO, U. S. A.

When writing to advertisers mention of the ProCEEDINGS will be mutually helpful.
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Giant Power Rheostat

MALL IN DIAMETER, but large in capacity,
S this rheostat will safely carry any power load of

70 watts. Constructed of heat proof materials
throughout. There is no fibre to warp or burn out.
Wire is wound on a steel core insulated with asbestos.
Extra wide core assures large area for quick heat dis-
sipation.

This unit is ideal for primary control of “AC” receiv-
ers or “A” Power Units. It will keep the line at a con-
stant workable average, keeping the secondary output
well within rated limits. These units connected in
series across the output of a Rectifier and Filter sys-
tem for “B” Power will provide all necessary voltage
taps.

These units can be used in any power circuit position
without any danger of burning out—the capacity is
only limited by the capacity of the wire.

Manufactured with two or three terminals. Diameter
2", depth 114”. Write for new booklet on “Volume
Controls and Voltage Controls—their use.”

Cen

CENTRAL RADIO LARORATORIES
16 KEEFE AVENUE, MILWAUKEE

A CENTRALAB CONTROL IMPROVES THE SET

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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U hen flits this cross
frem man to man,
Vich Alpine summons
1o his clan.”

When a Scottish chieftain
desired to summon hia
clan, a fiery cross was
placed in the hands of
relays of the swiftest
runners. Over hill and
dale they sped calling
to arms every man from
Bixtoen to_sixty. On one
occasion during the civil

a truct of thirty-twomilea
in thres hours.

@lannishness might be e well-chosen
word to describe the spirit of the tGrebe
organization of radio engineers which

after the manner of an Old Wor

guild-hall, have for ninetzen yzars con-
tributed so materially to the complete

enjoyment of radio.

Throughout all these years they
have been working together ta
produce the receiver that has sa
eagerly been awaited by all radic
enthusiasts—the alternating cur-
rentreceiver that doesawey with
the bother of batteries. The Grebe
Synchrophase A-C Six is their
contribution to perfect radio re-
ception. Not merely anon-battery
receiver, but one that cambines

<

Wy

TRALY rark
Pry—ipay

convenienceand ease of operation with
superb tonequalities,unbelievablerange
and selectivity, freedom from A-
hum and other new Grebe improve-
ments for better local and distance
reception.

The Grebe Synchrophase A-C Six
will convince you of the wisdom
of the careful Grebe method of
production. Hear_ it today, or
send for Booklet I, which fully

escribes the distinctive features
of this new receiver.

Other Grebe sets and equip-
ment: Grebe Synchrophase Seven

-C, Grebe Synchrophase Five,
Grebe Natural Speaker (Illus-
trated),Grebe No. 1750 Speeker.

REBE,

a4

CHROPHASE,

TRADE manu A58 us st ot

A-C Six
RADIO

A.H. Grebe ® Cc., Inc., 1092 W. 57th St., New York City

Factory: Richmond Hill N. Y. IUestern Branch: 443 8. San Pzdro 5t., Los Angeles, Cal.
Muakers of quality radio since ¥909



180-K.C. TEST OSCILLATOR

Type 320
180-K.C. Test Oscillator
Price—g$95.00

In the testing and adjusting of radio receivers, a simple, portable
oscillator has a number of uses. These include use as a rough con-
tinuity test of the entire receiver, the lining up of trimming condensers
and the adjustment of neutralizing condensers or similar devices to
prevent oscillation. In order for such a test oscillator to give an audible signal where
the receiver is not oscillating, a means of modulating the oscillator mfust be provided.

The General Radio Type 320 180-K.C. Test Oscillator' consists of a radio-fre-
quency oscillator having three frequencies, 180 kilocycles, 640 kilocycles and 1400 kilo-
cycles and a fixed modulation frequency, A milliameter is provided to assist in making
receiver 'adjustments. It is not connected in the oscillating circuit. A nonmetallic
screw driver, leads and coupling coil are supplied with the oscillator. A standard
tube with the heater circuit ‘open-circuited, but with the elements in position is re-
quired for neutralizing. This is not included in the oscillator equipment.

Described in Catalog E

GENERAL RADIO COMPANY

Manufacturers of Radio and Electrical Laboratory Apparatus
30 STATE STREET CAMBRIDGE, MASS.

GEORGE BANTA PUBLISHMING COMPANY, MENABMA, WISCONGIN

Ny





