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GENERAL INFORMATION

The PROCEEDINGS of the Institute is published. monthly and contains papers and discussions
thereon submitted for publication or for presentation Before meetings of the Institute
or its Sections. Payment of the annual dues by a member entitles him to one copy
of each number of the PROCEEDINGS issued during the period of his membership.

Subscription rates to the PROCEEDINGS for the current year are received from non-members
at the rate of $1.00 per copy or $10.00 per year. To foreign countries the rates are
$1.10 per copy or $11.00 per year.

Back issues are available in unbound form for the years 1918, 1920, 1921, 1922, and 1926
at $9.00 per volume (six issues) or $1.50 per single issue. For the years 1913, 1914.
1915, 1916, 1917, 1919, 1923, 1924, and 1925 miscellaneous copies (incomplete unbound
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The Secretary of the Institute should be addressed for a list of these.

Discount of twenty-five per cent is allowed on all unbound volumes or copies to members of
the Institute, libraries, booksellers, and subscription agencies.

Bound volumes are available as follows: for the years 1922 and 1926 to members of the
Institute, libraries, booksellers, and subscription agencies at $8.75 per volume in blue
buckram binding and $10.25 in morocco leather binding; to all others the prices are
$11.00 and $12.50, respectively. For the year 1929 the bound volume prices are: to
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by not later than September 15th. Members of the Institute are requested to advise
the Secretary of any change in their business connection or title irrespective of change
in their mailing address, for the purpose of keeping the Year Book membership catalog
up to date.

The right to reprint portions or abstracts of the papers, discussions, or editorial notes in the
PROCEEDINGS is granted on the express condition that specific reference shall be made to
the source of such material. Diagrams and photographs published in the PROCEEDINGS
may not be reproduced without making special arrangements with the Institute through
the Secretary.

It is understood that the statements and opinions given in the PROCEEDINGS are views of the
individual members to whom they are credited, and are not binding on the membershipof the Institute as a whole.
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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 bo 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 field are covered; main body describing
the apparatus, experiments, theoretical work, and results used in reaching the con-
clusions 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 bo drawn in with black ink, omitting the finer divi-
sions. 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 3/16 in. high for an 8 x 10 in.
figure. Legends for figures should be tabulated on a separate sheet, not lettered on
the illustrations.

Mathematics-Fractions should bo indicated by a slanting line. Use standard symbols.
Decimals not preceded by whole numbers should be preceded by zero, as 0.016. Equa-
tions may be written in ink with subscript numbers, radicals, etc., in the desired
proportion.

Abbreviations-Write a.c. and d.c. (a -c and d -c as adjectives), kc, pf, e.m.f., mh, ph,
henries, abscissas, antennas. Refer to figures as Fig. 1, Figs. 3 and 4, and to equations
as (5). 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 othor journals, especially foreign,
in most cases consist of summaries from published papers. Tho 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 manuscripts 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 aro 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, Now York City.

Reprints-With the galley proof a 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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APPLICATIONS FOR MEMBERSHIP
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Elmhurst, L. I., 8642 -57th Road Content, E. J.
Kenmore, 171 W. Girard Ave Sheets, H. M.
New Rochelle, 29 Burling Lane... Cantor, A. B.
New York City, 138 E. 38th St. Bylander, J. C.
New York City, Century Hotel, 111 W. 46th St.. . . Conley, S. D.
New York City, Bell Tel. Labs., 463 West St. Custer, C. J.
New York City, 17 W. 60th St., Room 1101 Haldane -Duncan, B.
New York City, USS Saratoga, c/o Postmaster Honeycutt, V. C.
New York City, 25 South St., Box No. 1080 Jordan, C. H.
New York City, 26 Broadway, SS A. S. Bradford,

o/o Standard Shipping Co McCarron, G. M.
New York City, 67 Broad St., c/o Mackay Radio

Telegraph Co., Inc. Miles, P. D.
New York City, 152 West 42nd St., c/o S. S. White

Dental Mfg. Co Smack, J. C.
New York City, 326 East 155th St Speed, R. B.
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New York (cont.) New York City, 865 East 1137th St. Weintraub, D. l{.
New York City, 18 East 3rd St. Wood, It. C.
Pelham Manor, 1333 Manor Circle Lewis, F. W., Jr.
Rochester, 822 University Ave. Proctor, Benj., 3rd.
Rocky Point, Radio Corporation of America Wooldridge, A. C.
Scarsdale, 85 Alkamont Ave Weis, B. M.
Schenectady, 6 Jackson Place Rohner, A. .1.

Ohio Akron, 59 Hawthorno Ave. Myers, W. II.
Cleveland, National Air Transport, Municipal Air-

port Clemans, H. L.
Cleveland, National Air Transport Costa, Humbert
Columbus, 111 West 11th Ave. Newhouse, R. C.
East Cleveland, 15987 Nelamere Road Williams, H. R.
Medina Kohli, H. J.

Oklahoma Oklahoma City, 1110 West 2nd St. Spooner, A. J.
Oregon Eugene, 492 West Broadway Du Sair, P. E.
Pennsylvania Philadelphia, 1817 Fulmer St. Berrien, P. H.

Philadelphia, 1624 E. Eyre St. Bloom, Walter
Philadelphia, 128 S. Salford St Podolsky, Leon
Philadelphia, 4910 Stenton Ave Williams, A. J., Jr.
Pittsburgh, 929 Penn Ave Clary, Howard L.
Upper Darby, 264 Wembley Road Lenhert, G. R., Jr.
Wilmerding, Faller Bldg., Apt. 25 Irlam, William

Rhode Island Providence, 204 Bowen St' Huddy, Franklin S.
Texas Brownsville, Cia. Mexicana de Aviacion, S. A. Fernandez, Manuel

Dallas, Box No. 1151 Eilert, E. F.
Dallas, Box No. 181 S. M. U. Tucker, D. J.

Washington Everett, 2511 East Grand Malmstrom, W. 11.
Wisconsin Milwaukee, 672 Van Buren St. Gebbart, B. It.

Platteville, R. It. No. 1. Bentz, C. F.
Sauk City Schmitz, A. J.

Canada Kenora, Ont., Box No. 135 Doan, G. F.
Montreal, Que., 173 William St. Bailey, F. A. A.
Montreal, Que., 637 Craig St., West Higgins, H. H.
Montreal, Que., 4922 Sherbrooke St., West White, W. E.
Ste. Therese, Quo., Box No. 111 Farmer, E. W.

Canal Zone Coco Solo, U. S. Naval Air Station Pritchard, C. A.
Colombia CLIeuta, EstaciOn Inalambrica Caicedo, A. D.
England Colchester, Essex, 13 Salisbury Ave Wyborn, It. B.

Liverpool, 86 Canning St. Worall, E. J. B.
London, 599 High Ro Leyton Summers, It. H. J.
Sale, Nr. Manchester, 17 Hulmo Road Critchley, W. H.
Thornton Heath, Surrey, 89 Parchmore Road Hall, It. C.
Thornton Heath, Surrey, 66 Ingram Road Thomas, L. H.

Philippine Islands Manila, c/o Radio Division, Bureau of Posts Soriano, Alfonso
Scotland Edinburgh, 22 Walker St. Kerr, John
South Africa Umbilio, Durban, Natal, 23 Francois Road Thomson, H. J.

For Election to the junior grade
Illinois Chicago, 801 S. Marshfield Ave Nichols, L. R.
Michigan Flint, 2208 Cadillac St. Blanford, E. IC.
Ohio Akron, 188 Gale St. " Branch, G. E.
Canada Toronto, Ont., 345 Adelaide St., West Blackburn, Wesley

Winnipeg, Man., 205 Cambridge St. Sinclair, D. B.
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DONALD MCNICOL

President of the Institute, 1926

Donald McNicol was born in Hopetown, Ontario, Canada, July, 1875.
He was a pioneer in radio research and experimentation, and had a trans-

mitting and receiving system in operation in Minneapolis as early as 1900. His
first important published work was an illustrated serial on "Wireless or Radio
Telegraphy" which was published in the Western Electrician during 1906 and
1907.

For twenty years he was i the service of the land -line telegraph companies
and wrote three books on telegraph engineering which have been used very
widely. One of these was translated into French.

In 1922 he became assistant to the president of the Radio Corporation of
America, and a year later engaged in consulting work in communication engin-
eering, serving a number of engineering and manufacturing companies. In addi-
tion, he became vice president of a company manufacturing terminal -office
equipment.

He was recently appointed editorial director of the publications Radio En-
gineering and Projection Engineering, and his "The Engineering Rise in Radio,"
which was published in Radio Engineering, will undoubtedly be remembered by
many.

Mr. McNicol became an Associate member of the Institute in 1914, advanc-
ing to the Member grade during the same year. In 1924 he became a Fellow.
From 1919 to:1924 he was a manager of the Institute, in 1925, vice president,
and President in 1926. He was chairman of the Standardization Committee in
1921-1924.

He is a Fellow of the American Institute of Electrical Engineers, and has
been a member of the Publications Committee, and for five years chairman of
the Communications Committee of that Institute.



INSTITUTE NEWS AND RADIO NOTES

May Meeting of Board of Direction
A meeting of the Board of Direction was held at 4 r. m., May 7,

1930, the following being present: Alfred N. Goldsmith, acting chair-
man; J. H. Dellinger, R. A. Heising, J. V. L. Hogan, C. M. Jansky,
Jr., R. H. Manson, R. H. Marriott, A. F. Van Dyck, and H. P. West -
man, secretary.

The following were elected to the Member grade: F. A. Cowan,
Eugene Peterson, W. G. Eaton, Ernst Ltilocke, and W. D. L. Starbuck.
The following were transferred to the Member grade : A. P. Bock, H.
M. Booth, E. J. H. Buzzard, J. A. Chambers, R. C. Hitchcock, D. D.
Israel, C. E. Kilgour, Charles W. Peterson, and P. S. Scofield.

One hundred and seventy Associate and nine Junior members were
elected.

Board of Editors
A meeting of the Board of Editors was held at 2 r. M., May 2,1930,

at the offices of the Institute. Those present were Alfred N. Goldsmith,
editor; J. W. Horton, L. E. Whittemore, W. Wilson, and H. P. West -
man secretary.

Associate Application Form
For the benefit of members who desire to have available each month

an application form for Associate membership, there is printed in the
PROCEEDINGS a condensed Associate form. In this issue this application
will he found on page XXXIII of the advertising section.

Application forms for the Member or Fellow grades may be ob-
tained upon application to the Institute office.

The Committee on Membership asks that members of the Institute
bring the aims and activities of the Institute to the attention of de-
sirable and eligible non-members. The condensed form in the adver-
tising section of the PROCEEDINGS each month may be helpful.

Radio Signal Transmissions of Standard Frequency
July to December, 1930

The following is a schedule of radio signals of standard frequencies
for use by the public in calibrating frequency standards and transmit-
ting and receiving apparatus as transmitted from station WWV of
the Bureau of Standards, Washington, 1). C.

905



906 Institute News and Radio Notes

Further information regarding these schedules and how to utilize
the transmissions can be found on pages 10 and 11 of the January, 1930,
issue of the PROCEEDINGS and in the Bureau of Standards Letter Cir-
cular No. 171 which may be obtained by applying to the Bureau of
Standards, Washington, D. C.

Eastern Standard
Time July 21 Aug. 20 Sept. 22 Oct. 20 Nov. 20 Dec. 22

10:00 P.M. 1600 4000 550 1600 4000 550
10:12 1800 4400 600 1500 4400 600
10:24 2000 4S00 700 2000 4S00 700
10:36 2400 5200 'SOO 2400 5200 800
10:4S 2S00 5800 1000 2800 5800 1000
11:00 3200 6400 1200 3200 6400 1200
11:12 3600 7000 1400 3600 7000 1400
11:24 4000 7600 1500 4000 7600 1500

Committee Work

COMMITTEE ON ADMISSIONS

A meeting of the Committee on Admissions was held at 1 P. M.,
May 7, 1930, at the offices of the Institute. The following were present:
R. A. Heising, chairman, C. M. Jansky, Jr., A. V. Loughren, R. H.
Marriott., and A. F. Van Dyck.

The committee considered fifteen applications for transfer or elec-
tion to the higher grades of membership in the Institute.

COMMITTEE ON BROADCASTING

The following were present. at the meeting of the Committee on
Broadcasting held at. 10 A. INT., May 7, at the offices of the Institute:
L. M. Hull, chairman, P. A. Greene, J. V. L. Hogan, C. W. Horn and
C. M. Jansky, Jr.

COMMITTEE ON CONSTITUTION AND LAws

A meeting of the Committee on Constitution and Laws, held at
10 A . M., May 7, at the offices of the Institute, was attended by R.. H.
Marriott., chairman, H. E. Hallborg, R. A. Heising, and G. W. Pickard.

COMMITTEE ON MEMBERSHIP

A meeting of the Committee on Membership was held at 7 P. M.,
April 16, with the following present.: I. S. Coggeshall, chairman; F. R.
Brick, B. Dudley, assistant. secretary, H. P. Gawler, C. R.. Rowe, A.
M. Trogner and H. P. Westman, secretary.

Another meeting of this Committee was held at. 5:30 m., May
7, being attended by I. S. Coggeshall, chairman; F. R. Brick, H. C.
Gawler, S. R. Montcalm, A. F. Murray, C. R. Rowe, J. E. Smith and
A. M. Trogner.
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COMMITTEE ON NOMINATIONS

On May 2, at 4 r. m., a meeting of the Committee on Nominations

was held at which Dr. Alfred N. Goldsmith, chairman; W. R. G.

Baker, Melville Eastham, Donald McNicol and H. P. Westman,

secretary, were present.
COMMITTEE ON SECTIONS

A meeting of the Committee on Sections was held at 12:30 r. M.,

April 16, at 195 Broadway, Room 1531, New York City. The follow-

ing were present: Austin Bailey, chairman; C. W. Horn, B. E. Shackel-

ford, B. Dudley, assistant secretary, and H. P. Westman, secretary.

COMMITTEE ON STANDARDIZATION

A meeting of the Executive Committee of the Sectional Committee

on Radio, operating under the American Standards Association pro-

cedure, and the Executive Committee of the Committee on Standard-

ization of the Institute, was held at the offices of the Institute at 2 r.

M., May 7, 1930. Those present were: J. H. Dellinger, chairman of the

I. R. E. Committee on Standardization, acting chairman, Alfred N.

Goldsmith, chairman of the Sectional Committee on Radio, E. T. Dickey

H. E. Farrar, H. A. Frederick, R. H. Manson, Haraden Pratt, C. H.

Sharp, J. C. Warner, L. E. Whittemore, Irving Wolff, B. Dudley,

secretary, committee on Standardization, and H. P. Westman, secre-
tary, Institute of Radio Engineers.

TECHNICAL COMMITTEE ON RADIO RECEIVERS-I. R. E.

A meeting of the Technical Committee on Radio Receivers of the

Institute was held at the offices of the Institute at 10 A. M., May 8,

1930. In addition to the chairman, E. T. Dickey, the following were
present: C. M. Burrill, M. Ferris, E. J. T. Moore (representing V. M.

Graham), F. X. Rettenmeyer, R. S. Shankland, (representing H. Dia-
mond), and B. Dudley, secretary.

Institute Meetings

BUFFALO -NIAGARA SECTION

Thirty-one members and visitors attended the April 16 meeting of
the Buffalo -Niagara Section which was held at the University of Buffa-
lo, Dr. L. Grant Hector, chairman, presiding.

A paper on "The Suppression of Interference" was presented by
H. J. Klumb, Director of the Electrical Laboratory of the Rochester
Gas and Electric Corporation.
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An interesting discussion on the general subject of interference and
its suppression ensued.

NEW YOHIC MEETING

The regular monthly meeting of the Institute was held in the En-
gineering Societies Building, 33 West 39th Street, New York City, on
Wednesday, May 7, 1930. R: H. Marriott, member of the Board of
Direction, presided.

The paper of the evening was presented by 0. H. Caldwell, editor
of Electronics, published by McGraw-Hill Publishing Company, and
was entitled "Radio's Contribution to Modern Civilization." It was
summarized as follows:

This paper undertakes to outline and summarize the almost countless
ways in which the development of radio has affected human progress and
civilization, during the past quarter century-both directly as space -radio
and ether -wave communication, and also through the many non -radio ap-
plications of the electronic tube and associated circuits in their amazing
variety of uses, throughout industry, power distribution, medicine and thera-
peutics, and the whole gamut of the arts and sciences.

Applications of the vacuum tube to human safety, in both war and
peace, comprise one of the most significant human uses of this new electronic
tool. These safety uses of electronic devices are already found in many
forms-in navigation, aviation, street, traffic, railroad signals, protection of
industrial machinery, warnings against charged electrical apparatus, etc.The Army and Navy make numerous uses of electron -tube devices for
safety purposes, throughout all arms of the services. The author offers
some speculation as to the important war -time value of our existing system
of broadcast stations for general emergency communication throughout.
the nation in the event of another war. These stations are already pressed
into service during regional emergencies, and this use might be extended,
even in peace time.

The paper mentions many novel uses of devices derived from radio
research, for example,-new musical instruments; alarms; detection of lar-
vae in fruit; diagnosis of heart murmurs; talking pictures as wills and legal
documents; the "talking book"; aiding blind to read ordinary print; sound
pictures with acoustic depth; structure analysis; food preservation; emotion
recorders; "lie detectors"; etc.

The paper closes with a listing of nearly two hundred principal classes
of applications of radio and electronic tubes, nearly all of which are subject
to further development and wide subdivision.

In short, it is declared that both the radio and non -radio applicationsof the vacuum tube are just beginning to find uses, and the prediction is
made that in a few years there will be nothing that the average man hears,
sees, or buys that will not be controlled, regulated. or affected in some im-
portant respect by an electronic tube.

Approximately two hundred members and guests of the Institute
attended.
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ROCHESTER SECTION

A joint meeting of the Rochester Sections of the Institute of Radio
Engineers, American Institute of Electrical Engineers, American So-
ciety of Mechanical Engineers, American Society of Civil Engineers,
American Chemical Society, and the Optical Society of America was
held at the Rochester Chamber of Commerce on April 14th, M. Her-
bert Eisenhart of the Rochester Engineering Society, presiding.

R. A. Millikan spoke on "Fire or Relation of Science to Mankind."
He treated this subject in a popular manner so as to interest the many
guests who were present, among whom were many ladies. On the same
evening the Eighth Annual Banquet of the combined Engineering
Societies of Rochester was held.

The regular April meeting of the Section was held at the Sagamore
Hotel on the 17th, H. J. Klumb, presiding. The seventy members
and guests in attendance heard Professor H. B. Smith of Worcester
Polytechnic Institute deliver an illustrated lecture on "The Quest of
the Unknown."

Professor Smith's paper concerned itself primarily with his experi-
ence in the design of very high voltage transformers and insulators.

TORONTO SECTION

A paper by E. B. Ferrell of the Bell Telephone .Laboratories on
"High Frequency Telephone and Telegraph Communication" was pre-
sented at the April 9th meeting of the Toronto Section.

This paper described the New York -London and New York -Buenos
Ayres communicating system and was illustrated with slides covering
many important details of the work. The discussion that followed was
participated in by Messrs. Carruthers, Fox, Hackbusch, Leslie, Oxley,
Pipe, and Shane.

Sixty-five members and guests were in attendance.

WASHINGTON SECTION

Dr. L. P. Wheeler of the U. S. Naval Research Laboratory de-
livered a paper on "Master Circuit of Crystal -Control Transmitters"
at the April 10th meeting held at the Hotel Continental, T. McL.
Davis, presiding.

The paper was illustrated and considered the fundamental crystal-
controlled circuits used for high -frequency transmitters. Provisions
for changing connections to any one of a number of crystals to allow
the frequency of the transmitted wave to be changed was described.
The, important considerations for obtaining frequency stability were
analyzed and methods for obtaining best results were discussed.

One hundred and two members and guests attended the meeting.
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Personal Mention
Keith Henney, previously associated with Radio Broadcasting,

has become associate editor of Electronics, the new publication issued
by McGraw-Hill Publishing company.

R. K. Bond is now an engineer at the Bell Telephone Laboratories.
He was formerly with the American Telephone and Telegraph Com-
pany.

R. 0. Brooke has recently been appointed chief engineer of WRHN
at Minneapolis.

J. R. Donovan is now broadcast engineer at WOAN, Lawrence-
burg, Tenn., previously being chief engineer of WCOC at Meridian,
Miss.

R. E. Downing has been shifted from the Elmira, N. Y. branch of
the American Telephone and Telegraph Co. to the Department of
Development and Research, in New York City.

Previously chief engineer of the Sonora Phonograph Company, R.
M. Dunning has joined the Research Engineering Department of the
Thomas A. Edison Company, at West Orange, N. J.

C. A. Ellert is now U. S. Radio Inspector at Fort McHenry, Balti-
more. He was formerly an engineer at the East Pittsburgh plant of
the Westinghouse Electric and Manufacturing Company.

Henry W. Baukat, who was technical editor of Radio Retailing, is
now with the RCA Radiotron Company at Harrison, N. J.

Manuel Escolano, formerly with the Compania Nacional de T. S.
H. of Madrid, is now director general of the Compania Telmar of Mad-
rid.

F. Clifford Estey is now sales engineer in the Radio Division of the
Aluminum Company of America. He was previously assistant to the
President of the United Reproducers Company at Springfield, Ohio.

J. T. Hallam is now an engineer at WOAI in San Antonio, Texas,
and was formerly assistant engineer at the West Virginia Broadcasting
Corporation at Wheeling.

R. K. Hansen is now engineer for RCA Radiotron Corporation at
Harrison, N. J. He leaves the Westinghouse Lamp Company of
Bloomfield, N. J.

N. P. Hinton, who was in the engineering department of the Metro-
politan Vickers Company of Manchester, England, is now with the
British Thomson -Houston Co. at Coventry.

At the Constant Frequency Monitoring Station at Grand Island,
Nebraska, we find G. L. Jensen who was previously a junior radio in-
spector of the Department of Commerce, New York.
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E. V. Keshimer, who was formerly engineer for the United Repro-
ducers Corporation, is now an inspection engineer with the Crosley
Radio Corporation at Cincinnati.

W. W. Lindsay,Jr., who was a research engineer with the Movietone
Department, William Fox Studios, is now recording engineer for the
Fox Film Corporation, at the Fox Hills Studio, Beverly Hills, Cal.

D. S. Little has been made superintendent of the Great Lakes Divi-
sion of the Radiomarine Corporation and is located at Cleveland, Ohio.

E. C. Manderfeld has joined Electrical Research Products, Inc., as
engineer, Sound Recording Department, having previously been a re-
search engineer at the Bell Telephone Laboratories.

H. G. Miller, formerly radio engineer for the Westinghouse Electric
and Manufacturing Co. at East Pittsburgh, is now a receiving engineer
for the Jenkins Television Corporation of Jersey City, N. J.

J. N. Mogridge, who was manager of the W. J. Crogsdill Sales Com-
pany, has recently been made chief engineer of CKPC at Preston, Ont.,
Canada.

H. P. Morris has been transferred from the Marion station of RCA
Communications to the Rocky Point Station.

W. R. G. Baker, formerly managing engineer of the General Electric
Company, is now vice president of the RCA -Victor Company at Cam-
den, N. J.

B. Ray Cummings, formerly of the General Electric Company, is
now in charge of the Transmitter Division of the Engineering Depart-
ment of the RCA -Victor Company at Camden.

Previously with the Victor Talking Machine Company at Lang-
horne, Pa., W. H. Newbold is now in the Development Department
of the RCA -Victor Company at Camden.

H. J. Nichols has been made manager of the Radio Engineering
Department of the Chicopee Falls plant of the Westinghouse Electric
and Manufacturing Company.

N. J. Oman is now a member of the technical staff of the Bell Tele-
phone Laboratories having left the Brandes Laboratories.

Previously chief engineer of the Radio Corporation of the Philip-
pines at Manila, D. S. Rau is now engineer in charge, RCA Communi-
cations, Inc., Marion, Mass.

E. W. Ritter, who was formerly at the Cleveland Vacuum Tube
Works of the General Electric Company, is now with the RCA Radio-
tron Company at Harrison, N. J.

H. L. Roosevelt, formerly European manager of the Radio Cor-
poration of America at Paris, is now located at the 233 Broadway office
in New York City.
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George Rodwin, formerly an engineer for the Radio Corporation of
America, is now a member of the technical staff of the Bell Telephone
Laboratories.

Previously a radio engineer with the Westinghouse Lamp Company
Bloomfield, N. J., R. L. Schoene has become radio tube engineer for
the U. S. Radio and Television Corporation., Marion, Ind.

Fiom the Television Division of the General Electric Company at
Schenectady, D. W. Short has come to the Jenkins Television Corpo-
ration.

Zangwill Ward has left the Radio Corporation of American to be-
come a radio engineer for the Radio Administration, Board of Com-
munications, Shanghai, China.

R. R. Winans, previously a radio engineer for the Gold Seal Manu-
facturing Company, has joined the staff on the American Bosch Mag-
neto Corporation at Springfield, Mass.

J. Wienberger, formerly Division Engineer at the Van Cortlandt
Park Laboratory of the Radio Corporation, is now engineer in charge
of research of RCA Photophone, in New York City.

Sidney Bloomenthal, formerly of the Research Department at the
Van Cortlandt Park laboratory of the Radio Corporation of America,
is now a physicist for the RCA -Victor Company.

H. E. Reeber is now with the RCA -Victor Company, previously
being at the Van Cortlandt Laboratory of the Radio Corporation.

The following engineers who were formerly with the General Elec-
tric Company are now in the engineering department of the RCA -
Victor Company at Camden: H. R. Batchelor, C. F. Coombs, A. H.
Demmer, E. W. Enstrom, C. W. Frank, W. J. Poch, Robert Serrell,
J. A. Terrell, and G. G. Thomas.

This list gives those engineers who were formerly with the West-
inghouse Electric and Manufacturing Company at their East Pitts-
burgh, Pa., and Chicopee Falls, Mass., plants, who are now in the
engineering department of the RCA -Victor Company: R. C. Ballard,
G. L. Beers, R. W. Carlisle, M. E. Karns, D. Stayer, E. F. Sutherland,
J. Q. Tiedje, and M. C. Walker.

P. R. Cunliffe, formerly at the Bloomfield plant of the Westinghouse
Electric and Manufacturing Company, is now at the Harrison plant
of the RCA Radiotron Company.

R. D. Cunningham, formerly secretary of the Pittsburgh Section,
has joined the Photophone and Applications Division of the RCA-
Victor Company, going from the Westinghouse Electric and Manu-
facturing Co. plant at East Pittsburgh, Pa.
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Proceedings of the Institute of Radio Engineers
Volume 18, Number 6 June, 1930

SOME PROBLEMS IN SHORT-WAVE TELEPHONE
TRANSMISSION*

BY
J. C. SCHELLENG

(Bell Telephone Laboratories, New York City)

Summary-In this paper are discussed certain phases of short-wave
telephony, primarily, though not entirely, from the point of view of the transmitter.
The field strengths which the transmitting station must provide at the receiver arc

considered. Typical data are given showing results obtained in transmission from
Deal, New Jersey, to England. This is followed by a discussion of requirements and
limitations of the transmitting antenna. The gains which arrays may reasonably be
expected to provide are considered. The phenomenon of non-synchronous fading at
nearby points is examined as to its bearing on the dimensions and performance of
directive arrays. Other directional properties of the transmitting medium are also

considered. Attention is then directed to the transmitting equipment, particular
attention being given to the high -power part of it. Requirements, rather than circuit
details, are emphasized. These include stability of operation, flexibility, and freedom
from amplitude distortion, and phase and frequency modulation. The results of tests
in which some of these matters were considered quantitatively are given..

INTRODUCTION

SINCE MAY, 1927, short-wave telephony has been one of the
commercial means of communication between this country and
Europe. Beginning as a support for the West -to -East long -wave

circuit during the difficult summer months when experimental equip-
ment was called upon to carry traffic, short waves have been brought
into use by the Bell System and the British General Post Office to
provide three independent two-way channels.

Undertakings of this sort necessarily involve several groups work-
ing on different aspects of the problem. It is the purpose of this paper
to touch upon a few of the questions which have arisen in the course
of the work of only one of these groups. We shall consider certain
aspects of short-wave transmission, the efficiency of transmitting
antennas and the requirements which transmitters must meet. It is
not the purpose to enter here into a detailed discussion of any of these
matters, since this will be done in other papers now being prepared by
various. authors.

TRANSMISSION

General
The electric field strength which the short-wave transmitting

station should be called upon to lay down at the receiver depends on
Dewey decimal classification: 8412. Presented at New York meeting of the

Institute, November 4, 1929.
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of the work of only one of these groups. We shall consider certain
aspects of short-wave transmission, the efficiency of transmitting
antennas and the requirements which transmitters must meet. It is
not the purpose to enter here into a detailed discussion of any of these
matters, since this will be done in other papers now being prepared by
various authors.

TRANSMISSION

General
The electric field strength which the short-wave transmitting

station should be called upon to lay down at the receiver depends on
* Dewey decimal classification: 8412. Presented at New York meeting of the

Institute, November 4, 1929.
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so many variables that a simple statement specifying it cannot be
made. However, it has been found that a value in the general region
of ten ptv per m has given useful results in transatlantic work. Tele-
phone communication can sometimes be established on days when
radio noise is low with considerably less than 1µv per m while on days
of extremely bad noise and fading 100 I.Lv per meter may not be
sufficient.

Low signal level, or rather low signal-to-noise .ratio, is naturally
only one of the factors limiting the usefulness of a telephone circuit.
Fading, with associated bad quality, is another. It is difficult to sepa-
rate these two factors since they occur so often at the same time. Low
signal-to-noise ratio occurs alone more than does fading.

In this connection it may be said that probably the most im-
portant and difficult problem is the maintenance of service on days of
disturbed solar conditions (magnetic storms). It appears that these
difficulties are greater in high latitudes than in the case of communica-
tion across the equator. However this may be, transatlantic signals
are sometimes so attenuated that the carrier cannot be detected even
as a beat note. To overcome such extreme conditions would require
an increase in signal-to-noise ratio of more than 30 db over that given
by the system now used. It is not absurd to suppose that an improve-
ment of 30 db can be effected. There is no doubt, however, that it will
be very difficult, and there is no assurance that the gain needed is not
very much greater than this figure. At any rate lesser improvements
should materially reduce the time during which the circuits are made
((uncommercial" by these unusually weak signals.

Wavelength Selection
It is well known that for best results, long distance short-wave

systems require several wavelengths for 24 -hour operation throughout
the year.

For transmission through the daylight period, transatlantic work is
carried on at frequencies in the region from 17 to 19 megacycles. On
winter days, somewhat better results may be obtained from lower fre-
quencies than in the summer, though different years differ with respect
to the best daylight frequency. Thus in the winter of 1926-1927, a fre-
quency of 13 megacycles was good over a longer period than in either
winter since.

Transmission during winter nights presents the other extreme. A
frequency as low' as 6 or 7 megacycles is then desirable.

Between these limits represented by the summer day and the winter
night lies a range of conditions for which intermediate frequencies are
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preferred. The number of these frequencies needed depends upon the
importance of service during the transition periods when part of the
path is illuminated and the rest is in darkness.

One important time, probably the most difficult that is encount-
ered during the year, is the winter afternoon. The sun has set in
England though it is still daylight in America. In passing through
this period the optimum frequency changes gradually from the morning
value of 18 megacycles to half this value at 6 P.M., E.S.T.

The fact that conditions change considerably from day to day
makes selection of operating wavelengths more difficult. A system
involving several channels has a distinct advantage. Essential informa-
tion peculiar to the day can be obtained by making a frequency change
in one of them. The result will be a guide in deciding the proper time
to shift wavelengths in the remaining channels.

Each of the short-wave transatlantic telephone channels is equipped
for operation in three frequency ranges, namely 19, 14, and 9 mega-
cycles, (16, 21, and 31 m). A still lower frequency is provided for one
of them, the purpose being to cover the winter night satisfactorily.
This frequency is about 6.7 megacycles (45 m).

During the long days of summer very little frequency changing
is necessary. In fact, the usefulness of the 18 -megacycle band does not
disappear with sunset, but continues on into the night. Often it may
be employed later than midnight, but it always fails during the few
hours preceding sunrise in America. The result is that in summer
short-wave transmission is at its best. This, of course, is fortunate in

view of the fact that this season is the most difficult for long -wave

transmission.

Field -Strength Data
Systematic tests have been made to determine the properties of

different frequencies throughout the short-wave range. Intensive
tests were made in June, 1926. These have continued as weekly tests
with small interruptions to the present time. Throughout this work
signal measurements have been made in England by a group under
the direction of A. G. Jensen. For about a year similar work has been
carried on in Buenos Aires by E. J. Howard. At Deal, E. B. Ferrell,
N. F. Schlaack, and A. E. Kerwien have at different times been in
charge. Frequencies from 2.7 to 27 megacycles have been used. .A small
number of measurements has been made at higher frequencies. Unless
otherwise stated the results given apply to data taken in England.

No attempt will be made here to summarize completely the results
obtained in these tests but it may be of interest to indicate some of the
conclusions.
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The field -strength curves are of especial interest. The method of
plotting has usually been to draw lines of equal signal on a "map"
whose coordinates are time of day and frequency. Such, for example,
is Fig. 1, which represents short-wave data obtained in June, 1926.'
The figure resembles a topographical map, high altitude corresponding
to strong signals. "Sea level" is the interference limit. The broad
ocean in the lower right corner is due to daylight absorption of the
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Fig. 1-High-frequency radio transmission, Deal, N. J., to New Southgate,
England. Field strength in decibels above one or per meter, June, 1926.

lower frequencies in the short-wave region. The mountain represents
the excellent transmission of these same frequencies at night. The
plane in the upper right corner corresponds to the satisfactory trans-
mission of the higher frequencies by day, while the depression at the
middle of the top is the skip region.'

1 These curves have been obtained from C. R. Burrows who has made adetailed study of the results.
2 Whether this region is due to penetration of the layer due to insufficient

ionization, as suggested by Taylor and Hulburt, or to absorption in the layer
because of an insufficiently steep ionic gradient, as suggested by Appleton and
elaborated by T. L. Eckersley, is one of the more interesting unsolved questions
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This figure is typical of mid -summer results in these latitudes. The
narrowness of the nighttime peak is due to the short time that the
whole path is in darkness. Contrasted with this is a typical plot for
winter, Fig. 2. The period of satisfactory low -frequency transmission
has now increased because of the longer nights, and the main features
of the map have moved to frequencies which are some thirty per cent
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Fig. 2-High-frequency transmission, Deal to New Southgate, winter, 1926-1927.

lower than in the summer curve. The skip zone has increased in area
while the absorption region has receded toward the lower frequencies.

It should be observed that such curves depend somewhat on the
latitude of the stations. If instead of Deal, a transmitter farther north
in radio transmission. It is difficult to reconcile the Hals-Stormer long delayed
echoes with the absorption hypothesis. If these long delays are really due to the
waves having travelled long distances, it is probable that the paths are such as
Sthrmer assumes. This would require penetration of the dense layers assumed by
Eckersley. If the long delays are due to exceedingly low group velocities, the as-
sumption that the skip effect is due to absorption becomes difficult and probably
unnecessary to support. Therefore, the existence of these echoes supports the
hypothesis of insufficient ionization as an explanation of the skip effect. It also
seems that the explanation of the echoes given by Stormer is more probable than
the low group velocity explanation of van der Pol.
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had been used, it is likely that the summer nightime peak at 9 mega-
cycles would have been reduced or even eliminated, since conditions in
the upper atmosphere might then have approximated those of daytime
all along the path. Similarly, an opposite change would perhaps have
been observed if the receiver had been moved south from England
to the latitude of New York, (e.g., to Spain).

The results of tests which have been carried out between the Deal
experimental station and Buenos Aires will not be discussed in this
paper. Most of the general characteristics are the same as those
already given. The frequencies required are higher because the dis-
tance is greater, and the seasonal variations are much less since op-
posite seasons are encountered at the two ends of the path.

Reliability

Along with the field -strength measurements, intelligibility tests
have been made. These have involved determinations of the percent-
ages of words understood. On the basis of such results it is possible
by extrapolation to obtain some idea of the communication to be
expected with facilities which are better or poorer than those actually
used. Such estimates, while not thoroughly reliable, are of value in
the absence of better and they do bring out certain tendencies which
are of interest.

The average percentage of the day that a good transatlantic short-
wave circuit is successful is naturally a figure of interest and im-
portance and data on this are being accumulated from commercial
operation. It is realized, however, that no dependable estimate of com-
mercial reliability can be made in advance of actual use under
commercial conditions. Our present remarks are confined to experi-
mental data and the discussion of methods used in estimating the
effects of increasing or decreasing the signal-to-noise ratio.

The method used has its starting point in curves such as those of
Fig. 3.3 The original data disclose for each individual observation
whether or not the experimental intelligibility was greater than that
assumed to represent the border line between a "commercial" and an
"uncommercial" circuit. In this case the understanding of 60 per cent
of a list of unconnected words was arbitrarily taken as the criterion.
In addition the field strength, (or field -strength -to -noise ratio) is
known. An elementary antenna with three "reflectors" was used at
the receiving station. The readings are collected into groups according
to field strength-for example, the groups may be 5 db wide-and the

The data used in this particular example were obtained in some tests made
in cooperation with

i
engineers of the American Telephone and Telegraph Com-

pany. They do not involve 24 -hour operation.
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percentage of each group which is commercial is plotted as in the upper

figure. This curve expresses the fact that as the field strength is in-
creased the probability of the circuit's being satisfactory also increases,

approaching a value somewhat less than 100 per cent. The second
curve in Fig. 3 gives the number of readings in each group as a per-

centage of the total number; it therefore represents the probability
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of occurrence of the various field strengths. The integral of the
product of these curves divided by the integral of the second curve
gives the weighted average of all the readings. In making extrapola-
tions the assumption is made that while intelligibility is affected by

 fading, the differences in intelligibility at different levels are caused by
differences in signal strength only. This postulate is not entirely above
question, but it probably is not far wrong. Calculations of the relia-
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bility obtained with various assumed improvements in signal value
are made by moving the second curve to the right a number of db
corresponding to the assumed improvements.

In this way the curve in Fig. 4 is obtained. The curve brings out
certain tendencies which are of interest, although these particular
numerical data are not applicable in general. In the middle portion,
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the reliability increases rapidly with the field strength. At the upper
end a large increase is necessary to improve reliability. With a power
of 5 kw, with simple transmitting and receiving antennas and with
transatlantic distances, we might obtain a reliability in the order of
20 or 30 per cent. In other words, the point would be at the bottom of
the steepest part of the curve. A small increase in the gain through
the system would therefore result in a considerable improvement. This



Schelleng: Problems in Telephone Transmission 921

circumstance, combined with the fact that for short waves, directivity
provides a cheap way of obtaining a considerable signal increase,
makes it highly advisable to include at least elementary directive antennas

at both ends of point-to-point radio links. On the other hand, the
fact that the curve tends to become horizontal at the upper end where
also improvements may be very costly, indicates that an economic
balance will have to determine how far to go in this direction. Different
answers may be reached depending on the importance attached to the
maintenance of continuous communication.

This type of curve also throws light on the striking success which

is often obtained with simple apparatus. In the particular case
illustrated, there is a spread of 30 to 40 db between the levels required
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Fig. 5-Approximate transatlantic transmission characteristic through entire
radio spectrum; curve A for day, curve B for night. One kw radiated.

for reasonably reliable communication and for occasional communica-
tion. This corresponds to a power ratio of 1,000 to 10,000 times.
Considering with this the fact that for slow -speed telegraphy, a much
weaker signal can be employed successfully than in telephony or in
high-speed telegraphy, some idea is obtained as to the reason why
commercial services require so much more elaborate facilities than
amateur work.

Comparison of High and Low Frequencies
Fig. 5 is an attempt to represent some general characteristics of

the entire radio -frequency range in one field -strength diagram. The
data are for transatlantic transmission and they assume 1 kw to be
radiated. Curve A is for daylight transmission, curve B for night-
time. The low -frequency portion of the former is based on the empirical
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equation obtained by Espenschied, Anderson,, and Bailey,' while the
high -frequency data were obtained between Deal and New Southgate
during the winter of 1926-1927.5 Curve A falls in two distinct parts,
separated by a wide region (approximately 125 kc to 7000 kc) in
which absorption completely annihilates the signal. For very low
frequencies6 the signal approximates the value obtained on the inverse
distance basis. On comparing the two parts of curve A the fact is
brought out that, for 1 kw radiated, frequencies below 50 kc give
stronger signal fields than very high frequencies. The same is true of
the night conditions depicted by curve B. Here there is uncertainty
as to the behavior of intermediate frequencies as indicated by the use
of a dotted line. These curves clearly bring out the fact that, solely
from the viewpoint of transmission, very long waves (e.g., 20,000 in)
are for transatlantic distances somewhat superior to very short (e.g.,
15 in). 1 kw gives about 20 µ,v per m at 20,000 in and only 3 or 4
at 15 in.

It is hardly necessary to add, however, that this is only one phase
of the comparison. It is considerably more expensive to radiate 1
kw with long waves than to radiate the same power with short and it is
out of the question in a long -wave transmitting antenna to obtain

5 This gives the average for a large number of days.
6 The lowest frequencies in the figure are audible; no signal -strength data are

available. This is the region which Watson -Watt has studied oscillographically.
It includes "musical X's." T. L. Eckersley's interesting observation that the
latter occur more often on magnetic -storm days may possibly be explained as
a result of improved long -wave transmission at such times. It has occurred to the
writer that the following simple explanation of these "whistlers" may have some
merit. The wave set up by a non -oscillatory electric discharge somewhere be-
tween the earth and ionized layer would undergo multiple reflection in such a
way that the portion of the disturbance travelling nearly vertically would take a
longer time to travel, say 10,000 miles around the earth, than that which pro-
ceeds horizontally. Furthermore, the multiple reflections of the former would
make up a lower musical tone than the latter, thus giving an explanation of the
change in pitch. The frequency of the last part would approach c/2h, in which
is the effective height of the ionized layer for low frequencies. If for an order of
magnitude we identify this with the height found in the radio range on undis-
turbed days, (e.g., 100 km), and multiply this by a factor of two because of the
increase of height due to the magnetic storm, (see Hafstad and Tuve, Terr. Mag.,
March, 1929; Dahl and Gebhardt, Pnoc. I.R.E., 16, 290-297; March, 1928; and
Maris and Hulburt, PROC. I.R.E., 17, 494-500; VIarch, 1929.), this frequency isfound to be 750 cycles. According to Eckersley the frequency observed varies
between 200 and 1,000 cycles. (Phil. Mag., 49, 1250; 1925.) This explanation, if
valid will furnish a method for determining the "height" of the layer. Is it notalso possible that the different types of "musical X's" have fundamentally
different explanations, some being caused by dispersion and others by multiplereflection?

The mechanism suggested above bears some resemblance to the cause of
similar musical sounds which are often observed while walking past a picket
fence. Secondary waves are set up, and return to the observer, when the sound
of the foot -step reaches the various pickets. The latter correspond to the multi-ple images of the assumed discharge. The analogy, however, is not perfect.
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the efficiency which is possible in a short-wave directive array. In
the case of the receiver, the difference is not definite. Large gains in
signal-to-noise ratio can be obtained with both short and long waves
by the use of directional reception. Another consideration is that it is
not customary at the present time to employ as high a power with
short waves as with long. A further item in the comparison is the
amount of noise encountered in the two frequency ranges. While the
difference has sometimes been over -stated, static is less in the case of
short waves. The net result of the comparison is that the greater
power at low frequencies, together with the smaller amount of time
lost due to magnetic storms and fading, offsets the advantages of
high frequencies resulting from the improved transmitting antenna
efficiency and reduced static.

TRANSMITTING ANTENNAS

In discussing antennas there are thred more or less distinct steps
of the problem to consider:

(1)-What are the directional properties of the medium; i.e.,
what are the requirements of directive antennas and what are
the possibilities and limitations from the standpoint of trans-
mission?

(2)-What distribution of currents, both with respect to
phase and spacial arrangement, is necessary in order to satisfy
the conditions of (1)?

(3)-What circuit means may be employed to provide these

currents?
We shall make no attempt at a comprehensive answer to these

questions. Since (1) in the past has been by comparison somewhat
neglected, most of our attention will be directed to it. It must be
admitted at the outset, however, that our information is far from
complete. A study of certain phases of (2) and (3) will be given in a
paper now being written by E. J. Sterba.

Directional Properties of the Medium
The term "broadside" is applied to antenna arrays whose elements

are located along a horizontal line perpendicular to the line of trans-
mission and excited in the same phase. The calculation of the gain
will be touched upon later. Various antennas of this sort have been
constructed and tested by transmission to 'England. The length
of the arrays has ranged from 1 to 9 wavelengths. At: least up to
6 wavelengths, the gain calculated has been actually obtained within
experimental error with a wavelength of 16 m and with daylight con-
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ditions. Longer antennas also give the calculated gain a large part of
the time. Since the antenna, 6 wavelengths long, had a major lobe
whose width from minimum to minimum was 19 deg., it appears that
usually the range of useful bearing was less than one half of this value.
In other words, under the condition of these tests the direction of the
more important components of the signal did not deviate from the
geographical bearing by more than ± 5 deg., and possibly less.

In one antenna, provision was made for quickly deviating the
direction of the signal maximum by about 5 deg. In one experiment
two receivers were employed. One was in London, which is on the great
circle, normal to the antenna length; another receiver was located in
Scotland on a great circle about. 3 deg. different. Under these con-
ditions, the relative signal strengths were measured for the two direc-
tivities of the system. These readings lasted over a period of several
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hours of daylight transmission at 16 m. The antenna, having a major
lobe of 91 deg. width from maximum to first minimum, would be
expected to give noticeably different signals under the two conditions.
This was found to be the case, and with a more careful analysis of the
results, E. B. Ferrell found that on the average the difference numer-
ically checked with the assumption that the maximum signals cluster
closely about the great -circle path. The agreement was so good in
fact that the measurements might have served with good accuracy to
determine the bearing of the receivers. In Fig. 6 are plotted the
apparent bearings. From the manner in which they cluster about the
true bearing it appears that even these very short wavelengths are not
without utility for beacon service. Unfortunately it was not possible
to determine the limitations" of this method by long -continued tests.

7 That such limitations exist is indicated by some results obtained byFriis, but it may be mentioned that the method employed here,. depending on anaverage over a period of from several minutes to a half hour, will naturally show

/6 /7
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It also is not known how short the measurement period might be
made without loss of accuracy.

Additional information is obtained by a consideration of the well-
known phenomenon that near a receiver fading differs at two points
which are a few wavelengths apart.8 If there are simultaneously pres-
ent in the received wave two components from somewhat different
directions, and if they add in phase at one of these locations, they will
he out of phase at a second point sufficiently distant. Conversely,
the existence of this fading phenomenon is always caused by the
existence of two or more components travelling in different directions.
It therefore becomes desirable to consider directivity of antennas from
this point of view.

Consider the following simple case. We shall assume that the two
points, A and B, both at the earth's surface are along a line perpendicu-
lar to the great -circle path (see Fig. 7).

CPeot Circie Path

D.

Fig. 7

Two wave components differing in azimuth by a small angle arrive
at A with a certain phase difference. In order that the fading at B
should be random with respect to that at A, the phase difference of the
components at B should be independent of that at A. This condition
will be satisfied if the directions of arrival of the components are always
between +0 and -0, having all values with equal probability.' 6 may
then be determined in terms of Do, the minimum distance for which
fading is random. For, when 6 is small the maximum change in phase
difference of the components as we pass from A to B is equal to
47rD00/X and should equal 27 in order to have substantially random
less deviation than Friis' instantaneous method. H. T. Friis, "Oscillographic
observations on the . direction of propagation and fading of short waves,"
Pnoc. I.R.E., 16, 658; May, 1928.

The reverse of this phenomenon is also true, so that while it is easier to
discuss the matter from the point of view of the receiver, any conclusions drawn
regarding receiving antennas apply to transmitting arrays as well.

The assumption of equal probability is made in the interest of mathemati-
cal simplicity, as is also the assumption that two components of equal amplitude
are always present.
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conditions. This leads to Do/X = 1/20. If, for example, Do by experi-
ment is found to equal OX, 0 must equal 4.8 deg. From tests made by
Friis and Jensen it is known that the values assumed are typical.

It is of interest to carry the computation of this simple case a little
further. Suppose, that the detector outputs of the two identical radio
receivers were combined differentially, so that for equal signals the
reading of the meter would be zero. For simplicity in making the
calculation this meter is assumed to have a square -law characteristic.
When the receivers are located side by side the reading of the meter E
will be zero. As the separation perpendicular to the great circle is
increased, the reading (averaged over a time long compared with the
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Fig. 8-Average difference in output of two receivers separated DIX wavelengths
on line normal to great circle.

period of fading) will also increase until the fading at the two points
becomes random. For greater separations the reading will remain the
same.

On this basis it can be shown that the assumption of two rays
always lying between +6 and -0 leads to the relation

E = /1 2(1 - cos X)
X2

where X = 47i-DO/X. (Fig. 8). It consists of a straight portion near
the origin, a knee and then a nearly horizontal portion. It is con-
sistent with the experimental fact that the difference of the currents
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increases somewhat linearly for small spacings and becomes constant
for great separations. The first point of random fading is, of course,
Do =X/20 as was found previously. The average value of the current
of one receiver is the same as the effective value of the difference of
the two for a spacing of Do.

We have been led to examine this case theoretically because it is
natural to assume that the length of a directive transmitting antenna
should be substantially less than the minimum distance of random
fading. Fig. 9 gives the results of a calculation of the loss which is
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Fig. 9-Loss with broadside antenna due to scattering in horizontal plane.

incurred because of this spreading of the wave in the case of a broad-
side antenna. When D/Do =1, the signal is 1.1 db less than it would
have been if the wave had travelled only along the great circle. By
increasing the antenna length to D =2Do, this relative loss would
become 3.6 db. Since doubling the length increases the efficiency
without scattering by 3.0 db, there would still be a net gain over the
case D =D0 equal to 0.5 db, but this would usually be too small an
improvement to justify the increased expenditure. Should D/Do be-
come equal to 2, the polar diagram of the antenna would have minima
along 0 and -0, and the fading of the signal would be affected to a
marked degree. The net effect might not he an adverse one.
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It is well to remember, of course, that when conditions are such
that the wave clusters about a direction different from the great circle
bearing it will be necessary, in order to obtain the greatest efficiency,
either to shift the direction of maximum signal correspondingly or to
increase the angular width of the main lobe. The first alternative is
possible in suitably designed arrays and has actually been accom-
plished experimentally. To avoid operating difficulties, it is simpler
to avoid too sharp a "beam."

Each of the transatlantic telephone links employS three wave-
lengths in the ranges 16 in, 22 m, and 32 m, while one employs a fourth
at 45 m. In all cases the antennas at the American transmitting
terminal (located at Lawrenceville, New Jersey) are broadside with
respect to the great circle and employ "reflectors."

The antenna lengths are roughly 8, 6, 4, and 4 wavelengths, respec-
tively. There are several conditions in addition to those discussed
here which influenced this choice. Such, for example, is the desirability
in a row of towers of maintaining uniform spacing. These matters,
however, are beyond the scope of this paper.

Under the same conditions for which the components of the wave
are confined in azimuth to a few degrees, it is common to find a much
wider spread in the vertical plane, or plane of incidence. This state-
ment is based in part on experimental observations made by Friis
and Jensen, which show that two adjacent receivers located on the
same great circle often fade at random when their separation does not
exceed 4 or 5 wavelengths. The general considerations are similar
to those involved in the discussion above on variations in the horizontal
plane and therefore will not be repeated. Fig. 10 gives computations
based on various assumed distances of random fading, Do. 01 and 02
represent the lower and upper limits of the angle from the horizontal.
Thus in order that fading be random with a separation as small as
3 wavelengths (see Fig. 10, D 0/X = 3) there must be a noteworthy
amount of radiation at angles as high as 40 deg. to 50 deg. above the
horizontal." This numerical example assumes a minimum angle, 61,
equal to zero.

While high -angle radiation certainly exists, low -angle waves are
more dependable in the 15-m range. This is concluded from the
fact that antennas designed to narrow down the vertical-polar char -

10 These considerations have some theoretical interest as they indicate that
high- and low -angle radiation are commonly present at the same time. They there-
fore strongly suggest that in long-distance radio transmission, propagation by
multiple reflections is the general rule. It seems, however, that there are so far
no completely conclusive arguments either way on the question of "short -step"
versus "long -step" propagation of short waves. See Pedersen, "Propagation of
Radio Waves," p. 194-200.
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acteristics to moderately small angles, experimentally give nearly the
gain which is calculated on the assumption that the maximum signal
should be obtained in a nearly horizontal direction. On the other hand
the danger exists that this may be overdone as we have sometimes
found, particularly at the longer waves. The Lawrenceville antennas
employ a single "tier"" at 45 m, two at 22 and 32 m, and three at 16 m.
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Fig. 10-Spread in angle of elevation necessary to cause random fading.
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Gain of Antenna Arrays
As previously mentioned, the arbitrary standard usually employed

in the comparison of short-wave antennas is the half -wave vertical
antenna. In decibels the gain over the standard is 20 log E/E., E and
Ea referring to the field strengths at the receiving point for equal power
inputs to the two antennas.

Fig. 11 gives the result of calculations of two types of array,
namely the broadside and the end -fire type. In both cases it is assumed
that doublets 1/4 wavelength above a perfectly conducting ground
are employed. These arc arranged along a horizontal straight line with
a spacing of . In the first case the phases are the same. In the second

" A "two-tier" antenna array is one having two half -wavelength elements
one above the other. The larger the number of tiers the sharper is the directivity
in the vertical plane.
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there is a progressive phase shift of 180 deg. per element so that the
maximum signal is transmitted in the direction of the line of the
array. The curves indicate that for a given size of structure the broad-
side structure is more efficient than the end -fire type.*

The assumption of doublets instead of half -wave wires is made
because of mathematical convenience. The result cannot in any event
be accurate unless account is taken of the actual properties of the earth
which unfortunately, is not a perfect conductor. With this in mind it
will probably be agreed that the small error involved in the doublet
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Fig. 11-Gain produced by linear array of vertical doublets X/4 above a perfectly
conducting earth.

20 N

assumption need not concern us. The errors involved, moreover,
are to some extent compensating because the calculation of gain is a
comparison between two antennas in which similar approximations
have been made.

To a good approximation the use of a well -designed reflector im-
proves the gain by 3 db, and for nearly horizontal directions the ad-
ditional gain obtained by the use of a total of S tiers is somewhat less
than 10 logioS. Obviously an actual loss may be obtained by the use
of more than one tier when high -angle radiation is more effective than
that at low angles.

Reference has been made to the fact that the first few decibels
obtained with directivity are cheap. However, the cost of each

* See Appendix.
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additional improvement increases with the number which have already
been acquired. This is apparent from the fact that the gain is roughly
proportional to the logarithm of the number of elements while the
cost increases more nearly linearly with that number. This diminishing
return is accentuated by the fact, already mentioned, that at the
higher levels the value in average reliability increase per decibel im-
provement becomes relatively small.

While the effectiveness of antennas may be estimated in the gen-
eral way indicated, such calculations recognize only ideal conditions
of transmission. The estimated gains are not always realized in prac-
tice. In the 15-m range, however, gains of 18 or 20 db are obtained a
sufficient portion of the time to justify the use of antennas of this
general size. The theoretical gains for the Lawrenceville antennas
range approximately from 20 db at 15 m to 13 db at 45 m.

TRANSMITTERS

Telephony requires of the short-wave transmitter certain char-
acteristics which are different from those encountered by the designer
of telegraph apparatus. To be of greatest utility, development must
be planned with the fact in mind that the future will probably require
certain types of transmission which will necessarily involve radical
departures from present practices in modulation. Single side -band
telephony is an example of a system of this sort. Its success depends
on satisfactory amplification after modulation. Harmonic generators,
oscillators, or the like cannot in this case be included at points beyond
that where modulation takes place. In order to salvage a large part of
existing plant when making such a change, it is necessary to modulate
at low -power level and to provide an amplifier which may be employed
with almost any system. This is one of the reasons why so much emphasis
has been placed in this work on the development of amplifiers.

In the second place, telephone equipment, or more specifically a
telephone amplifier, needs to be stable at all radio -input levels from
zero to the maximum that is used. It does not suffice to obtain stability
with zero output by means of a very high negative grid bias; or with
maximum output, by means of very strong input. All levels are equally
important. In fact, in the long run, it is found that no set is sufficiently
stable for telephony unless it is possible to reduce the grid bias to zero
and remove the grid -input voltage without the occurrence of singing
at any frequency. This must be true for all positions of the variable
tuning elements and when capacity neutralization is used a generous
margin of adjustment must be provided.

Another result which must be obtained is the ability to amplify
without distorting either the amplitude or the phase. That is, the
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envelope of the output must be a replica of that of the input, and the
phase of the radio frequency in passing through the amplifier must not
suffer a change which is a function of amplitude.

It is not intended here to enter into a detailed discussion of the
power amplifier which has been developed." It is of the push-pull
type, employs two water-cooled tubes in the first stage and six of the
same kind in the second. Capacity neutralization is used. The output
of the second stage is coupled to the antenna by means of a two -wire
600 -ohm transmission line, the impedance of which is matched at
the antenna.

Fig. 12-Experimental transmitter at the Deal laboratory.
The last two stages of the later sets amplify an input of the order

of 150 watts to an output of 15 kw. In other words the gain is about
20 db. In speaking of the output as 15 kw, we are adhering to the
method of rating used in broadcast transmitters. The figure given
applies to the unmodulated carrier. However, the tube power capacity
which has necessarily been provided is four times that value. In other
words, for telegraphy or single side -hand telephony a peak output
of 60 kw should be possible.

1 A complete account of the high-power work is being prepared.
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Fig. 12 is a view of the transmitter at the Deal laboratory which

has been used for much of the experimental work referred to in this

paper. This is an early model. In external appearance it differs

greatly from those of later design.
In short-wave transmission it is necessary to be able to change

frequencies quickly. For transatlantic work a range of three -to -one

in frequency is necessary. This can be accomplished in asingle ampli-

fier by the use of plug-in coils together with variable condensers or

inductances for finer adjustment. In the amplifiers at the Deal

laboratory and at Lawrenceville, frequencies can be changed from one

to another of several predetermined values in less than five minutes.

The frequency range of the sets is from 22 megacycles (14 m) to

6 megacycles (50 m). These values, however, represent the range re-

quired in transatlantic work rather than the extreme limits which

are possible.

Distortion
It is well known that when a complicated wave is applied to a non-

linear device, many components not present in the input appear in the

output. Without entering into extended computations of this kind,

certain criteria useful in the avoidance of distortion will be mentioned.
In high -frequency signalling the input frequencies are confined to a
band which is small as compared with the "mean frequency" which
is employed. With this limitation, the usual Fourier representation
of any wave may be replaced by the forma

f (t) sin [cot + a(t)] .

This equation represents the wave mathematically in much the same
way as that by which the engineer naturally visualizes it. It is char-
acterized by a variable amplitude, f(t). There is a certain mean fre-
quency w and a variable phase a(t). The high -frequency non-linear de-

vice itself "sees" the wave in this way. In translating input into
output, it has to work substantially "from hand to mouth," since it is
not endowed with that memory and foresight which enables a Fourier
integral to form its decision on the basis of all happenings from minus
to plus infinity. We may, therefore, say that an amplifier has faith-
fully performed its function if the envelopes, f(t) of the input and
output do not differ except by a constant amplification factor, and if
also the phases a(t) of the resultant waves are the same.

We arc naturally lead in this way to a consideration of two types
of distortion, viz., distortion of amplitude and of phase. It may there -

33 J. IL Carron, PROC. 1.11.11, 16, 967-975; July, 1928.
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fore be said that if the amplifier, however curved its static characteristics
may be, nevertheless has a linear input-output characteristic passing
through the origin, and if also the phase in passing through the device
is not changed, then a Fourier analysis will not reveal the presence of
any new frequencies in the output.'4 The device is then satisfactory as a
high -quality amplifier.

If it is not obvious that a_ change in phase constitutes distortion,"
it becomes so after a simple analysis. A wave of frequency co,whose
amplitude and phase are both modulated sinusoidally by a frequency
p may be represented as follows

(1 kl cos pt)  cos [cot k2 cos (pt 43)]

where kl is the percentage of amplitude modulation and k2 is the maxi-
mum angle of phase modulation. If for simplicity we limit the con-
sideration to small angles (10 deg. or less) the expansion of this
expression simplifies and we obtain the following

kik2
cos cot - - cos (I ) -sin wt

2

ki k2- cos (co + p)t - - sin
2 2

- cos (co - p)t - -k2 sin [(co - p)t -
2 2

k1k2 r,- --sin lAw 2p)( ci)]
4

- 1::-Ik2 sin [(co - 2p)t - .
4

Distortion appears
(1)-As an actual change in the amplitude and phase of the

carrier w.
(2)-By the addition of new terms to the expressions for the

first -order side bands, (co+p) and (co- p).
(3)-By the presence of terms (co +2p) and (co -2p). Had

the simplifying assumption of small angles not been made, we
should also have had (w ± np), n being any positive integer.

14 It has also been tacitly assumed as a matter of course that all time con-
stants in the circuit are small compared with the components involved in f(t)and that there are no low -frequency impedances involved which might disturb
the assumed constancy of the supply voltages. Filters eliminating from the
output all components except those about w are also necessary. The latter.func-
tion is adequately fulfilled by the usual tune -1 circuits in short-wave transmitters.

15 R. Bown, De L. K. Martin, and R. K. Potter, "Some studies in radio
broadcast transmission," PROC. 14, 57; February, 1926. These authors
were the first to point out the serious effects of this important type of distortionin radio transmission.

[(to + p)t + 4)]
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The interesting fact appears that. excepting when 4) is zero, the

upper first -order side band does not, equal the lower in amplitude.

When 4) is positive, the amplitude of (w-ti) is greater than that. of

(w +p). This has been observed experimentally.
The expressions "phase modulation" and "frequency modulation"

are sometimes used interchangeably. 1 t is true that they have much

in common, in particular from the point of view of distortion. As long

as we confine our interest. to the i'Jieet of the distortion, once produced,

the distinction is doubtful in value, if not. quibbling in nature. The
fundamental reason for the distortion is a rate of change of phase or

frequency-call it what we will --which results in distortion when two

components differently delayed, are recombined at the receiver.

AlTITAKAAA/
i g 1:t.

When, however, we direct our attention to the cause of the distortion.

it. is often useful to differentiate. In the first place, there are types of

transmitter defects, (such as coupling from the out put back to fre-

quency -controlling oscillator) in which the frequency may be expected

to vary through the modulation cycle and in such a way that. the fre-

quency is a function of the amplitude of the output. Here only the
instantaneous amplitude of the audio wave is a determining factor of
frequency. In the second place, there are defects in which the frequency
of the control oscillator is held rigidly constant., but with different.
amplitudes different. relative phase shifts are. produced between that
oscillator and the antenna. The latter might. for example be produced
by the impedance of one element of the circuit. (e.g., an amplifier)
changing as a function of input. In other words, the frequency in the
first case and the phase in the second, are functions of the instantaneous
amplitude of the modulating envelope. The existence of these two



936 Schelleng: Problems in Telephone Transmission

more or less distinguishable types of defect seems sufficient justificationfor the use of the distinguishing names, "frequency modulation" and"phase modulation."
While we are discussing this from the point of view of distortion,the distinction seems particularly fitting in view of the fact that itcoincides with definitions made previously in connection with thesephenomena as a means for, rather than as a hindrance to, communica-

tion. The difference is illustrated in Fig. 13, in which a wave of con-stant amplitude is modulated first in phase, and second in frequency,by the same square -topped modulating wave."
Neither phase nor frequency modulation can be found by simpledetection. The phases and amplitudes of the many components arcsuch that the result with a square -law detector is the same whetheror not the phase is modulated. When, however, the wave passes tothe receiver along several paths of widely different optical lengths(as measured in wavelengths) this nice balance of detection productsis destroyed. The result is that harmonics of pt appear in the outputwhile the amplitude of the pt term may be reduced to small values.It should be possible to detect phase modulation locally if a sufficientlyselective frequency analyzer were available.

Returning to the transmitters under discussion, the extent to whichthe performance of high-power amplifiers conforms to those require-ments has been studied by means of cathode-ray oscillograph devicesand frequency analyzers.
By applying a low -frequency modulating tone to the set, and byapplying this input together with the rectified output to the two pairgof deflecting plates of a cathode-ray tube, the overall characteristicof the set may be visually observed, traced or photographed. In thisway, these sets have been adjusted so as to fulfill the above mentionedrequirements that this characteristic be linear.An experimental study of the phase-modulation occurring in thetransmitter shown in Fig. 12 was carried out by C. R. Burrows. Alaboratory method was developed which made possible the directmeasurement of the relative phases in different parts of the audio
16 When modulation is sinusoidal, however, the distinction is not so obvious.Ina phase-modulated wave, the phase may be written (cot d -k2 cos pt). Regardingthis as the result of a variable frequency whose value equals the rate of changeof the phase, we have

Frequency =1/2r d/dt (phase) =1/2r (co -k2p sin pt).This looks in some ways like frequency modulation but the audio amplitude ofthe latter contains a factor p not found in the first and also the audio terms ofphase and frequency are 90 deg. out of phase. In other words, while the "waveforms" are the same in the sinusoidal case, they become different as soon as thatcase is departed from, a thing which is always necessary in order to transmitsignals.
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cycle. The method involved application of a voltage, derived from the

output of the transmitter, to one of the pairs of deflector plates of a

cathode-ray tube, while across the other pair was applied an unmodu-

lated voltage of carrier frequency taken from the quartz crystal. For

the latter, auxiliary harmonic generators were required so as to give

the same final frequency. A phase -shifting device introduced before

the harmonic generator made possible actual measurements of relative

phase. To insure satisfactory operation of the oscillograph tube the

frequency of the voltages applied to the two deflector pairs was re-

duced by the means of intermediate detection. From the shapes of the

figures on the screen of the oscillograph, conclusions could be drawn

regarding the phase. Thus if without tone input, the figure is a straight

line, and if with tone no ellipse appears, it follows that there is no

phase modulation present. In this way it was found that (as expected)

little or no phase modulation is produced by the amplifier. A con-

siderable amount may be expected in parts of the circuit where re-

generation is present. Thus phase modulations up to plus and minus

90 deg. were sometimes measured in an improperly adjusted circuit,

though the same circuit could be adjusted to very much smaller values.

In a separate investigation it was found that the phase variation due

to frequency modulation in the crystal itself was only a matter of a

few degrees. This being hardly greater than the limit of accuracy of

the measurement, it is believed that the improvements made in sets

of a later design eliminate frequency modulation in the crystal as a

source of distortion. In short, phase or frequency modulation in a

properly designed and adjusted set should not be an important source

of trouble.
It should be added that phase modulation, as well as amplitude

distortion, can be produced only in a system employing non-linear

elements.
With respect to the amplitude distortion in the transmitting sets

being described, it is possible to obtain from 80 per cent to 100 per cent

modulation without the production of noticeable distortion when

normal commercial speech is transmitted.

APPENDIX

Curves A and C, Fig. 11, have been calculated from the formula

Gain = 10 log10 111/N,

in which

M = (1 + 3/7r2)R
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and

and

N = (1 -I- 3/7r2)nR

C/: =

n-1
 3R E(n - k) cos kcD(F(kS)d- cc FN/k2S2 72N=1

sin Yk2S2 -I- 72\ 2."
(k2S2 72)312 )

k2S2 - 2,72
k2s2 .4_ 72

sin x cos .r sin .r(x) =
x x2. x'

The notation is as follows
R =radiation resistance of doublet in space
n =number of elements in array

=phase shift. per element. (respectively zero and 180 deg. for casesgiven in Fig. 11)
S =27D/X
D = spacing of elements.
These equations have been derived by taking account of the powerwhich must be supplied to each element.. In this method the e.m.f.'sin each wire necessary to maintain the assumed current distributionare calculated. These e.m.f.'s balance the drop through the radiationresistance of the element., assumed in free space, and the in -phasecomponent of the e.m.f.s introduced by neighboring wires. The sameequations have also been obtained by E. J. Sterba by integrationsbased on Poynting's theorem.

- ->  --m2D ). 9  
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A 12 -COURSE RADIO RANGE FOR GUIDING AIRCRAFT WITH

TUNED -REED VISUAL INDICATION*

BY

H. DIAMOND AND F. G. KEAR

(Bureau of Standards, Washington, 1).C.)

Summary-This paper describes a directive radiobeacon (or radio range) of

the visual indicating type, which has been developed by the Bureau of Standards to

provide radio -marked courses at air terminals where more than four airways con-

verge.
The radio range is similar in design to the double -modulation type, with the

addition of a third amplifer train and accompanying modulation frequency. It

provides twelve equisignal zones which may be oriented 'within rather wide limits

and made to coincide with the converging airways.
In order to prevent coupling between amplifier branches special means arc

employed to supply them. successively rather than simultaneously. These methods

arc described in detail.
Three-phase radio -frequency supply is used to excite the amplifier trains,

which is received from a single-phase oscillator of conventional type by means of a

phase divider. This prevents possible trouble due to the employment of a three-phase

oscillator with three tuned oscillating circuits.
To transfer the energy to the antenna system a goniometer with three primary

coils is employed. These arc displaced 120 deg. from each other and coupled to the

two crossed loop antennas through two secondary coils whose displacement is 90 deg.

This permits the use of two antennas to establish a space pattern from three amplifier

branches.
Means for aligning this resultant space pattern. with the airways are also dis-

cussed and several examples arc given. Satisfactory tests have been made at distances

of more than 100 miles.

I. Introduction

THE RAPID increase in the number of airways emanating from the

more important airports of the United States has created a need

for a directive radiobeacon capable of marking out a greater
number of course's than has hitherto been possible. This paper de-
scribes a radio range (i.e., directive radiobeacon) which provides twelve
beacon courses normally disposed 30 deg. from each other. By

means of simple adjustments at the transmitter the angles between
courses can be set as desired. This range fulfills all the present require-
ments for guiding aircraft along the civil airways.

The 12 -course radio range is similar in operation to the 2- and 4-

* Dewey decimal classification: 8526.1. Published by permission of the
Director of the Bureau of Standards of the U. S. Department of Commerce.
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course radio ranges previously described.' The increase in apparatus is
not great. The same crossed -coil antenna system and the same circuit
arrangements are employed, (see Fig. 1) except that three amplifier
branches modulated to three different low frequencies are necessary.
The modulation frequencies used are 65, 86.7 and 108.3 cycles, re-
spectively. In addition a special goniometer is required. The rotor
system of this goniometer comprises two coils crossed at 90 deg.,
and each connected in series with one loop antenna. For convenience
of goniometer design each rotor coil is made up of three sections.
Three stator coils, normally placed at 120 deg. with each other, are
employed, one stator coil being connected to each power amplifier
tube of the transmitting system.
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TO 65 (;,CU
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1 1
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Fig. 1-Schematic diagram of 12 -course radio range.
The 12 -course beacon transmitter installed at College Park, Mary-

land, is shown in Fig. 2, and the special goniometer employed is pic-tured in Fig. 3.
Referring to Fig. 1, it will be observed that stator coil SI carries aradio -frequency current modulated to 65 cycles, stator coil 82 carries aradio -frequency current modulated to 86.7 cycles and stator coil S3 aradio -frequency current modulated to 108.3 cycles. Each stator coil, act-ing in conjunction with the two crossed rotor coils and the two crossed

loop antennas, sets up a system which is electrically equivalent to asingle loop antenna. The plane of this phantom antenna coincides withthe plane of the stator winding for zero setting of the rotor, but rotatesin space as the rotor system is rotated. Since there are three statorcoils, placed at 120 deg. with each other, three such phantom antennas
1 J. H. Dellinger and H. Pratt, "Radio aids to air navigation," PROC.I. R. E., 16, 890-920; July, 1928.
J. H. Dellinger and H. Diamond, "Radio developments applied to air-craft," Mech. Eng., 51, 509-514; July, 1929.
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(crossed at 120 deg.) exist. When special precautions are taken in
circuit design the combined space pattern consists of a circular carrier
with three figures -of -eight side bands crossed at 120 deg. See Fig. 4.
The corresponding polar pattern as received on the reeds is shown in
Fig. 5.

Now assume that a pilot is equipped withthree vibrating -reed course
indicators of the two -reed type,2 the first tuned to 65 and 86.7 cycles,
the second to 86.7 and 108.3 cycles and the third to 65 and 108.3 cycles,

Fig. 2-Photograph of experimental 12 -course range transmitter installed at
College Park, Md.

respectively. Using the first indicator, he will find four courses at M, N,
0, and P. With the second course indicator he will observe four courses
at Q, 1?, S, and T. Similarly, with the third reed indicator, four courses
at W, X, Y, and Z !will be obtained. Two of each set of four
courses (for example, M and N) have an equisignal zone of 1 to 1.5
(leg. wide, while the width of this zone for the other two courses,
(viz., 0 and P) is from 2 to 3 deg.

2 F. W. Dunmore, "Design of tuned -reed indicators for aircraft radio
beacon," Bureau of Standards Journal of Research, November, 1928. Research
Paper No. 28.



9-12 Diamond and Kcal.: :Radio Range for Guiding Airoraft

To simplify the use of this beacon, a special three -reed indicator for
receiving all twelve courses of the beacon without confusion has been
developed.3 This indicator is shown in Fig. 6.

II. Theory of 12 -Course Radio Range

Since the goniometer stator windings are not at 90 deg. with each
other, (see Fig. 1), undesirable intercoupling between Si, 82 and 83 will
exist, resulting in a combined beacon space pattern which cannot be
used. Direct inductive coupling between stator windings is eliminated
by the use of the three section rotor system, each stator winding being
placed in a separate shielded compartment. Indirect coupling between
stator windings by virtue of their mutual induction with the rotor sys-
tem still exists. This coupling is somewhat more difficult to eliminate.
By setting up the circuit equations for the goniometer system when no
precautions are taken to prevent this coupling, and solving for the cur-
rents in Si, 82, and 83, two facts may be determined:

(1) that the radio -frequency current in each stator winding is
modulated to all three modulation frequencies of the beacon.

(2) that the amount of coupling between stator windings is inde-
pendent of the rotor setting.

Several arrangements are possible for preventing this undesirable
ntercou pling.

1. LINK CIRCUIT ARRANGEMENT

One arrangement consists of neutralizing this coupling by intro-
ducing inductive coupling between stator windings of opposite sense,
as shown in Fig. 7. Thus Si is coupled to S2 by Coils LILIHL'2L2 and to
S3 by coils LILI'L3"L3. Similarly, 82 is coupled to SI so noted and to
83 by coils L2./.2".L3'L3. The link circuits L1"CIL2', L2"C2L'3, and L"3C3L1'
are each tuned to the beacon carrier frequency. It is evident that by virtue
of these link circuits a current flowing in any stator induces in each of
the other stators an e.m.f. 180 deg. out of phase with that current. On
account of the indirect coupling between stators by way of the rotor
system, a current flowing in any one stator induces in each of the other
stators a voltage exactly in phase with that. current. By properly ad-
justing the amount of coupling due to the link circuits, an exact neutrali-
zation may be obtained.

The carrier -frequency currents in Si, 82, and S3 (Fig. 1) have been
assumed to be in time phase. Since the stator windings are displaced by
120 deg. space phase, the resultant carrier transmitted is zero. A circu-

3 F. W. Dunmore, "A tuned reed course indicator for the 4- and 12-courseaircraft radio range," this issue of the PROCEEDINGS, page 963. To be publishedin forthcoming issues of the Bureau of Standards Journal of Research.
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Fig. 3-Photograph of special 3 -stator goniometer employed with
12 -course radio range.
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lar carrier can, however, be supplied by the use of a vertical antenna,
extending along the beacon tower and coupled through a 50 -watt am-
plifying tube to the master oscillator of the beacon transmitting set.
For optimum results, this antenna must be in accurate tune to the bea-
con carrier frequency. The polar patterns shown in Figs. 4 and 5 are
for this transmitting arrangement.

Fig. 4-Space pattern radiated by 12 -course radio range (link circuit type).

2. AUTOMATIC SWITCHING USING THREE-PHASE GRID BIASING
The use of link circuits to eliminate coupling between stator wind-

ings and the need for supplying an auxiliary carrier to replace the one
suppressed by the goniometer system may both be precluded if means
are provided for exciting but one stator winding at a time. The com-
plexity of the scheme outlined above led to experiments toward devis-
ing such means.

An obvious arrangement for accomplishing this consisted of insert-
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ing a commutator carrying three segments occupying successive 120 -

deg. arcs in the supply leads from the master oscillator to the grids of
the intermediate power amplifier tubes. In this way voltage was sup-
plied to each amplifier train only during one third of each revolution of
the commutator. The switching was performed at a sufficiently rapid
rate so that in spite of the interruptions in the signals transmitted, the
reeds maintained their vibration amplitudes due to mechanical inertia.

65 CYCLES

86.7GYCLE
108.3 CYCLES

106.3 GYCILS R 86.7 CYCLES

65 CYCLES

Fig. 5-Polar pattern as received on the reeds.

This method had two distinct disadvantages, (1) the power trans-
mitted by each amplifier train was reduced to one-third normal, and
(2) surges in the transmitted wave due to high-speed switching resulted
in shOck excitation of the reeds used for reception, the net effect in the
beacon operation being a virtual widening of the equisignal zones.

The next circuit arrangement used proved considerably more suc-
cessful, the switching of power being performed at an audio -frequency
rate by means of the circuit shown in Fig. 8. A d -c biasing voltage,
common to the grid circuits of the three intermediate amplifying tubes,
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is employed and is of such nagitude I hat (in the absence of the three-
phase 300 -cycle supply) no power is transmitted through these tubes.
In series wit h t his comnon d -c biasing volt age, each grid circuit has
induced in it one of t he phase voltages of t he three-phase 300 -cycle
supply. The result ant biasing voltages impressed on the grid of each of
the three intermediate amplifying tubes is indicated by curves A, B,
and 1!, respectively, of Fig. 9. Since - E, is the cutoff voltage, each
tube passes power only during the positive half -cycle of its a -c biasing
voltage. As a result no t wo amplifier tubes transmit power simultan-
eously except during t he small intervals of time a -b, c -d, etc., as shown

Fig. 6-Photograph of special course indicator for 12 -course radio range.

in Fig. 9. The proportion of power transmitted during these intervals
is less than the ratio of shaded area aob to total area of transmission
per cycle for one tube E caob, since the tube is then operating on the
knee of its characteristic curve. The amount of coupling still present
may be further reduced by increasing the common d-c bias voltage, but
this results also in a decrease of total power transmitted. In practice
this further reduction is unnecessary, the beacon performance proving
satisfactory without it.

Neglecting the small amount of coupling present, the beacon space
pattern becomes as shown in Fig. 10. Note that, since but one stator
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IPA -1

0

IPArZ1

2000

 2 000 V

+ 2000 V

L_SLQL6 0

TO 3TATOR. N' 1.

COM L2TO STATOR. MO. 2.

Fig. 7-Link circuit arrangement for preventing int ercoupling
bet ween primary goniometer windings.

TO PA NO.1.

I.P.A. NO.1.

000 Q Q_O 0
4.F. CHORE_

Ph. 1.

300

TO PA.N0.2.

NO. 71.
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Ra Ph.. 2
.300 -

TO P A. NO.3.

IPA .101
NO. J.

N -L9 000
P -E CHOKE.

Ph.. J.
300

M.O.

Fig. 8-Grid-biasing arrangement. for switching radio -frequency
supply successively to each amplifier train.

-C
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winding is excited at a time, there are three independent carrier waves
in the beacon space pattern. Assuming square -law detection, the polar
pattern as received on the reeds is shown in Fig. 11.

The choice of frequency of the three-phase alternator used for the
grid bias switching is important. The fundamental and second harm-
onic of this frequency must not be closer than approximately 20 cycles
to any of the harmonics of the modulation frequencies  used in the
beacon. To illustrate the reason for this requirement assume that a fre-
quency of 262 cycles were chosen for the three-phase alternator. The
fourth harmonic of 65 cycles and the third harmonic of 86 2/3 cycles
are each 260 cycles. Under this condition a beating of the reed indica-
tor at the difference frequency of 2 cycles is obtained.

Ft.. I

ot \

/\
5.(/ \\

Fig. 9-Resultant biasing voltages on grid of each intermediate -amplifier stage.

The net power transmitted by each amplifier branch when using this
method of switching is, of course, reduced considerably below normal;
primarily, because power is transmitted only during approximatly one-
half the time, and secondly, because during that time the operating
point travels along the tube characteristic from the point of cut-off to
the point of normal operation and back to the cut-off point. The net
reduction in power is, however, not as great as might be expected from
the above, since it is possible to force the tubes consideraly above nor-
mal during the half cycle of operation and still maintain safe average
plate dissipation. Using this system, with 8 amperes in each loop an-
tenna, an operating range of 100 miles was obtained.

3. THREE-PHASE RADIO -FREQUENCY SWITCHING.

The use of three-phase audio frequency for switching the radio-
frequency power as described above suggested that the same results
could be obtained if a source of three-phase radio frequency were
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available. Each phase of this three-phase radio -frequency supply could

then he used for supplying carrier voltage to the grid of one inter-
mediate amplifier, the three-phase source thus serving as a master os-

cillator as well as a switching device. The advantages to be gained are

fourfold: (a) a decided increase in the power transmitted by each am-

plifier branch ;(b)the elimination of a three-phase audio -frequency unit;

(c) the operation of the intermediate amplifier tubes under normal con-

ditions and not with the high grid voltages necessary in the method of

CARRIER AND .510E -
BAN Dzi DUE- TO COI

CARRIER. AND SIDE- CARRIER. AND 510E-
BAND.5 DUE -TO C.35 BANDS DUE -TO

Fig. 10-Space pattern radiated by beacon when using grid -biasing arrangement
for preventing intercoupling between primary goniometer windings.

grid -bias switching; and (d) the elimination of interference caused by
the audio -frequency used for grid biasing.

A three-phase radio -frequency oscillator of the type described by
It. Mesnyl was constructed to serve as the three-phase source. How-
ever, advantages of simplicity in design and operation led to the devel-
opment of the phase -splitting arrangement shown in Fig. 12.

It. Mesny, "Generation of polyphase oscillations by means of electron
tubes," Plum I. R. E., 13, 471-476; August, 1925.
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Referring to Fig. 12, a single-phase Colpitts oscillating circuit is
employed. Advantage is taken of the fact that the voltages from points
a and b to ground are approximately 180 deg. out of time -phase. it is
desired that the voltages from points in, n, and p to ground have a 120
cleg., time -phase displacement. The values of the condenser, CI, and
the inductance, L, are so chosen that the voltage from in to ground
leads the voltage from q to ground by 60 deg. and the voltage from n to
ground lags the same voltage by 60 deg. The condenser, C., is so
chosen that, the voltage from q to ground is 180 deg., out of phase with

REED AMPLITUDE.
DUE. TO Wf

Oir,
RLLD AMPuTUDE_
DUE. TO W3

DUE_ TO L.)z
RECD AMPLITUDE -
DUE

11-Received pattern corresponding to space pattern of Fig. 10.

the voltage from p to ground. The variable resistances shown aid
materially in making these adjustments. The impedances of the
various branches must be such that the voltages from in, n, and p
to ground are equal in magnitude as well as 120 deg. out of phase. The
voltage vector diagram corresponding to this adjustment is shown in
Fig. 13.

As will be explained below, the time -phase displacement between
the voltages applied to the grids of the three intermediate amplifying
tubes must remain constant to prevent a shifting of the beacon courses

.,
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in space. A variation of the grid to filament tube impedances would

tend to cause such a displacement. The resistances, R, (having values
of 7500 ohms) are connected in parallel with the grid to filament impe-

dances to minimize such variation. With this arrangement, a 20 per
cent change in the grid to filament impedance of any tube results in but

a 2 deg. variation in the time -phase displacement. Similarly, a change

in the oscillator frequency of 2-kc results in a 0.2 deg. time phase varia-

tion. These are well within the permissible limits. A description of the

means employed for adjusting the voltages from points in, n, and p to

ground to their proper phase relationships is of interest.
TD PA.No.I.

-c
Fig. 12-Phase-splitting arrangement for obtaining three-phase

radio -frequency switching.

The use of 7500 -ohm resistors in parallel with the tube input im-
pedance has already been mentioned. With these resistors in use, the
load impedances of the phase divider remain sensibly constant and
adjustments can be made on that basis.

First, condensers Co and C1 are short-circuited and the output of the
master oscillator is adjusted by raising or lowering its plate voltage
until the grid meter in the branch mo reaches a convenient reading,
L. The current in branch no will then read, say I. Condenser C1 is then
inserted in the circuit and its capacity adjusted until the current in the
circuit mo is reduced to one-half of its former value. At the same time
the master oscillator output is kept constant by keeping the grid current
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in branch no at /I. When the current is halved, assuming a purely re-
sistive circuit in the first instance, the phase angle of the voltage mo
has been adjusted to a GO deg. leading angle with the voltage go.

Next, with Co still short-circuited, the process is repeated in the
branch no, adjustment of L being made until the desired angle is se-
cured. At the same time the resistance R1 is varied to keep the total
circuit impedance the same as that of the condenser branch. This is
readily noted from the grid ammeter readings which should read the
same in both branches.

The voltages mo and no are now in the correct phase relationship.
There remains the selection of the proper value for Co in order that go
be in 180 deg. time phase with po. This adjustment is not as straight-
forward as the preceding ones.

En. -0

Eno
E3 -0

Fig. 13-Voltage vector diagram corresponding to circuit of Fig. 12.

E-111.-0

As previously explained, when the phase relations are correct, the
carrier may be considered as a rotating figure -of -eight of constant
magnitude. This effect is utilized in making the final adjustment.

With d -c excitation on the plates of the intermediate power ampli-
fier tubes and the condenser C. in the circuit, the output of each ampli-
fier branch is separately balanced in magnitude by adjustment of R2
until .all three are equal as shown by the antenna currents. All the
branches are then excited through the phase divider and the gonio-
meter rotated. When Co is of the correct value the antenna current re-
mains constant for all positions of the rotor. Co is consequently varied
until this constancy of antenna current occurs. A readjustment of R2
is necessary after each change of C. in order that the magnitudes of the
three voltages remain equal.
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The three voltages are now in Correct time phase and will not change

appreciably with changes in amplifier load or tube constants encoun-
tered in normal operation.

There is one important difference between the radio -frequency
method of switching and the audio-frequency grid -bias method previ-
ously described. In the latter method coupling between stator windings

was eliminated because the stators were never excited simultane-

ously. In the radio -frequency method the coupling is eliminated
chiefly due to the time -phase displacement.

SIDE_ BAND
DUE. TO W.

RESULTANT
CARRIER.

SIDE. BAND
DUL. TO 4,

310E BAND
WC TO tUa

Fig. 14-13eacon space pattern when using radio -frequency switching.

The beacon space pattern obtained when using this system and the
corresponding received polar diagram are shown in Figs. 14 and 15
respectively. Note that even for the same power transmitted by each
amplifier branch this system yields 50 per cent greater received signal
than the system employing grid -bias switching. The patterns of Figs.
14 and 15 are for the special case when the three stator windings arc
exactly 120 deg. apart in space phase and the three voltages applied to
these stators exactly 120 deg. apart in time phase. The general expres-
sion for the space pattern for any ti me -phase relationship between these
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three voltages is given in (1). The firgi, term to the right of the equality
sign represents the carrier, while the second, third, and fourth terms
represent the side bands clue to modulation frequencies, w,, w2, and Loa,
respectively. As will be observed, the carrier comprises a figure -of -eight
revolving in space at the carrier -frequency rate. The curve represent-
ing the carrier in Fig. 14 is in reality the locus in space of successive
maxima of t he rotating figure.

27r 27r
cos (wt --}-v,) -f - cos 0+cos ---+ A2) -- -cos 0 -

3 3cp= KE
47

+ cos (cot-
3
-+ A3) cos (0- -

3

KEI+-[1cos (cot+ Ai- wit) + cos (cot+ + wit)} cos 01
2

KE2 cos (cot - w2t)2 LI 3

27r
1+cos (cot -- +A2+6)20) i

47T

2
cos (cot -3-f-03-co3t)

cos (0 -3)1

47
+cos (cot - +A3+ wit) If cos (0 -- 347j)1

(1)

where e7; is the field intensity at any point, P, in space as a polar func-
tion of the angle 0.

Ei/EoX 100 is the percentage modulation in amplifier branch 1 due
to w1

E2/E0 X 100 and E3/E0X 100 have similar meanings.
Ai, 02 and A3 are the time -phase displacement angles of the three

carrier components from exact 120-deg. relationship.

The corresponding expression for the received polar pattern is given
by equation (2), assuming square -law detection. The three terms to the
right of the equality sign represent the reed amplitudes due to wt, w2,
and w3, respectively.
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Cr = KK'
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is the signal received on the reeds as a polar function

27r
a1= --x Ai -A2

3

27r
a2 -A3

3

27r
a3=-

3
+A3 -Ai

0

of the

Reference to Fig. 16 will show that al, az, and a3 are, respectively,
the time -phase displacement in degrees between the three carrier
voltage vectors of the transmitting system. The amplitudes of these
voltage vectors are in turn space functions of the angle 0. It should
be noted that each set of side bands transmitted by one amplifier
branch beats with its own carrier and also with the in -phase com-
ponents of the other two carriers of the system.

As noted above, a departure of the three carrier voltages from exact
120 -deg. time -phase displacement results in a shifting of the beacon
courses in space. The extent of this shift can be determined by sub-
stituting special values for the time -phase displacements in equations
(1) and (2) above.
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AMPL.iTuoC.
plir-TO GO

S#A1,
L5 Co

aaw) AmpuruDE_
DUE- TO W3 REED AMPLITUDE-

C- TO W2

Fig. 15-Received pattern corresponding to space pattern of Fig. 14.

E co*

cos (s- 1.-jr)

Fig. 16-Graphical interpretation of equation (2).
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Fig. 17-Beacon space pattern when the time phase of one of the three carrier -
frequency voltages of the system is displaced by 30 deg. from its normal value.

REED AM PI-tTuOr-
DUE. TO (A)

30.

so.

REF -0 AMPLITUDE..
DUE TO 4.).2,

REED AMPLITUDE..
60 DUE. TO (..32

Fig. 18-Received pattern corresponding to space pattern of Fig. 17.
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For the conditions

al = 120 deg.

a2=150 deg.

a3= 00 cleg.

Fig. 19-Displacement of beacon courses obtained when shifting stator
No. 2 by 20 deg. from its normal position.

which is equivalent to a 30 -degree time -phase displacement of one of
the voltage vectors, the beacon space pattern becomes as shown in
Fig. 17 and the received pattern as shown in Fig. 18. Note that the
maximum shift of any course from its normal position is 10 deg. For
normal variations of time -phase displacements of the three voltage
vectors, the shifting of the beacon courses in space is negligible.
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III. Methods of Shifting the Beacon Courses

The same means are available for shifting the beacon courses from
their 30 -deg. space relationship (in order to align them with the air-
ways emanating from a given airport) as. have been previously de-
scribed for application to the four -course radio range.' A simpler
method, applicable only to the 12 -course beacon, is,however, preferable.

Fig. 20-1)isplacement of beacon courses when 82 and 83 are separated by
130 (leg. from SI instead of the normal value of 120 deg.

'['his method consists of displacing the stator windings from their
normal 120 -deg. positions, and may be used when either audio -fre-
quency grid -bias switching or radio -frequency switching is employed.

When audio -frequency switching is used, as the stators are excited
one at a time, displacement of a given stator results in an equivalent

Diamond, "Applying the visual double -modulation type radio range to
the airways," Bureau of Standards Journal of Research, February, 1930. Re-

.scurch paper No. 148. Paw!. 1.11,.E., 17, 2158-2189; December, 1929.
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displacement of the field pattern due to that, stator. Thus, Fig. 19
is the received polar pattern when stator No. 2 is displ:.cedby 20 (leg.
from its normal position. The pattern due to 82 is similarly dis-
placed. (Compare with Fig. 11). The eight courses formed by the
intersection of the pattern due to stator 82 with the patterns due to Si
and 83 are all shifted by 10 deg. in the direction of displacement of I

Fig. 21-Displacement of beacon courses when S: and S3 are
separated by 110 deg. from Si.

82, while the four courses due to the patterns of Si and 83 remain fixed
in their normal positions. A greater variation of the angles between
courses may be obtained by displacing two of the three stators in equal
amounts, but in opposite directions. Fig. 20 corresponds to a case of
this kind, 82 and 83 being separated from Si by 130 deg. instead of the
normal value of 120 deg. The four courses formed by the intersection
of the patterns due to Si and S2 are here rotated 5 deg. clockwise. The
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four courses clue to the patterns of SI and 8 are rotated 5 deg.
counter -clockwise, while the four courses due to 82 and S3 remain fixed.
Fig. 21 is for the case when S2 and S3 are separated from Si by 110 deg.
In this case the four courses due to Si and 53 are rotated 5 deg.
counter -clockwise, the four courses due to SI and 52 are rotated 5 deg.
clockwise, and the four courses due to S2 and S3 again remain fixed.

Because of the change in direction of rotation the angles between

Fig. 22 --Stator positions are the same as for Fig. 21 except that radio -frequency
rather than audio -frequency switching is employed.

courses are quite different from that obtained in Fig. 20. Note also
that the majority of the courses arc somewhat more useful in so far
as signal strength and sharpness of course is concerned.

Using this method of attack, it becomes possible to align the beacon
courses with the airways at a great number of airports. In certain spe-
cial cases, however,it may become necessary to resort to the other meth-
ods of course shifting described in the previous paper.'

In the system using radio -frequency switching of power, the fact,
i hat displacing the stators from their normal position serves to distort
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the carrier renders this method of course shifting a little less powerful.
Fig. 22 is for the case when 82 and 83 arc separated from Si by 110 deg.
Note that the variation of the courses from their normal positions is not
exactly the same as for Fig. 21. Enough variation can be obtained with
this method, however, to meet the requirements at most airports.

IV. Tests
Numerous test flights have been made on the 12 -course beacon

described above. The distances obtainable on all 12 courses have been
determined. Under average day -time conditions a distance of 100-150
miles on the weak courses, and a correspondingly greater range on the
strong courses is obtained. Ground tests were made at Media, Pennsyl-
vania, 105 miles from College Park, Maryland, all 12 courses being
oriented through that point by rotating the goniometer at the beacon
station, and the angles between the courses thus determined. These
tests were repeated at a later date, and the same results were obtained.
These results checked also the data on the angles between courses as
obtained in the air.

  s-  ---05E >- 6 -< <  
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A TUNED -REED COURSE INDICATOR FOR THE FOUR- AND

TWELVE -COURSE AIRCRAFT RADIO RANGE*

By
F. W. DUNMORE

(Bureau of Standards, Washington, D. C.)

Summary-For the 12 -course radio range system, in which three modulation

frequencies arc used, a type of reed indicator has been developed to indicate when the

aircraft is on any one of the twelve courses, and if off, approximately how many de-
grees and whether to the right or left. In addition, it indicates to the pilot in case he

becomes lost which is his nearest course, how to turn to get on it, and which way he

is flying on it. This is accomplished by the use of three reeds in the visual indicator,
each reed being tuned to one of the modulation frequencies sent out by the radio range,
namely 66 cycles, 86.7 cycles, and 108.3 cycles. Unequal amplitudes of vibration of
the reeds indicate the plane is off the course to the side of the reed having the greatest
amplitude. A simple shutter with windows, in front of the vibrating reeds, exposes

any two at a time. The correct two for a given course is determined by a color system
which is exposed by the window to correspond to the color of the particular radio range
route marked on the map. A second shutter and color system is provided so that the
rule, "longest reed indicates side off course," may be made to hold regardless of the
course being flown or the direction of flight.

The 4 -course indicator is the same as the two -course indicator with the exception
of a shutter and color system on its face to adapt it to any one of the four courses.

A pilot using these indicators may hold a plane in a given radio -range course

with an accuracy of approximately 2 deg.

I. Introduction
,---jrHE TUNED -REED type of visual indicator is used to give a
pilot a visual indication as to whether or not he is flying on a
specified double -modulation radio -range course and, if not, to

which side and how much he has deviated. The indication is given
continuously by two vibrating reeds, the relative amplitudes of which
indicate the position of the airplane with respect to the radio -range
course. In order to observe the reed vibration, each reed carries a
white tab on its free end. These two tabs produce two adjacent white
lines when the reeds vibrate. It is the relative length of these two lines
which the pilot observes. Each reed is tuned to one of the frequencies
of modulation used at the radio range. The course is a zone in space
where the strengths of the radio -range modulation frequencies arc
equal, each zone being indicated to the pilot by equality of amplitude
of vibration of the two reeds. A deviation from the course is indicated
by an increase in that reed amplitude on the side. to which the airplane
has deviated and an equivalent decrease in the other reed amplitude.

* Dewey decimal elasHifienlion : R526. I .
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A tuned -reed indicator designated as type Ie for the double -
modulation (2 -course) radio range has been previously described.'
There has recently been developed a 12 -course radio -range system'
in which three modulation frequencies are used and which gives
twelve courses about 30 deg. apart. This requires a tuned -reed
indicator useful on any one of the twelve courses. This paper de-
scribes such an indicator, which when used in conjunction withthis radio range, serves to give a pilot the following information :
(1) indicates when he is on any of the twelve courses; (2) indicates whenoff the course and approximately by how many degrees and whether to
the right or left; and (3) indicates when he becomes lost, (which is hardly
-possible when using the radio range), which course he is nearest, how
to turn to get to it, and which way he is flying on it; i.e., whether
"To" or "From" the radio range.

In this paper there is also described a 4 -course indicator which
was designed to meet the requirements of the 4 -course radio range,which uses two modulation frequencies but produces four courseswhich may be oriented at will.3 These requirements, while not asdifficult to meet as those of the 12 -course radio range, did necessitate,
however, the use of new features on the face of the 2 -course reed boxin order to adapt it to any one of the four courses.

II. The 12 -Course Reed Indicator
A. DETAILS OF DESIGN

1. Reeds and Driving Elements
This indicator, shown in Figs. 1, 2, 4, 5, and 6, contains threereeds tuned to frequencies of 86.7, 108.3 and 65 cycles, respectively,the three frequencies of modulation. used at the radio range. Thesereeds are made of elinvar which makes their natural period ofvibration independent of temperature. Steel reeds may be used, inwhich case a weighted bimetallic compensation strip should be fastenedto their free end. This strip, when bending because of a temperaturechange, moves the weight on its end a sufficient amount to change thetuning of the reed by an amount which compensates for the changein its tuning due to the effect of temperature on its elastic constant.
1 F. W. Dunmore, Design of tuned-reed course indicators for aircraft radio -beacon. Bureau of Standards Journal of Research, 1, 751-769; November, 1928.Reprinted as Research-Paper No. 28.2 H. Diamond and F. G. Kear, A 12-course radio range for guiding aircraftwith tuned -reed visual indication." Bureau of Standards Journal of Research, 4,351, R. P. No. 154. PROC. I.R.E., this issue, see pp. 939.3 H. Diamond "Applying the visual double-modulation type radio rangeto the airways," Bureau of standards Journal of Research, 4, 265, R. P. No. 245;February, 1930.
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Each reed is polarized by a set of permanent magnets, T and U,
Fig. 1, common to all reeds. D is a soft iron yoke connecting two like
poles of the magnets. Each reed has a separate set of driving electro-
magnetics, C, similar to those used in telephone receivers, the windings
of which are all connected in series in the proper polarity to operate
the polarized reeds. The terminals of these electromagnets are:con-
nected to the output of the radio -range receiving set. The housing,
1'V, contains a lamp for illuminating the reeds; V is a bumper to hold
the reed vibration within bounds; A and B are shutters over the reeds
and color system. Fig. 2 is a plan view of a portion of Fig. 1.

T

65

IoOJ- -)

H
F 1

Fig. 2-Plan view of 12 -course indicator showing reeds, dampers, extension arm
on 65 -cycle reed, and whitened tabs.

For each course the vibration of adjacent reeds must be observed.
The 108.3 -cycle reed is placed between the 86.7- and 65 -cycle reeds. For
one set of courses, therefore, in order to observe the 86.7 -cycle reed
adjacent to the 65 -cycle reed, a light arm extension, K, Fig. 2, is fas-
tened to the free end of the 65 -cycle reed. This arm carries a white
tab, L, on the far end, which tab vibrates adjacent to the tab, 0, on
the upturned front end of the damper, H, on the 86.7 -cycle reed. The
other two air dampers, Rand .1, also have upturned whitened ends
or tabs, as shown at Nand.111/. L, 0, N, ill is an end view of the reeds or
tabs as the pilot would see them with the shutter removed. There are
three sets of reed combinations which go to make up the:twelve-
course indications. For one set of courses, tabs M and N are ob-
served; for another, tabs N and 0; for a third, tabs 0 and L. As
previously stated, tabs L and ill both vibrate with the 65 -cycle reed, G.

2. Shutter and Color System
Since it is necessary to observe any two adjacent whitened tabs on

the reeds for a given course, without seeing the others, a shutter, A,
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Figs. 1 and 3, with a window, is provided. This window may be moved

to expose any two adjacent tabs depending on what radio -range course

is to be flown. This same window also exposes two different colors at
each setting in order to facilitate the choice of the proper two reeds
for a given course.

Another shutter, B, is provided with a color system to simplify the
operation of the indicator in connection with its use when flying "To"
or "From" the radio range. The use of bothrof these shutters will be

explained in more detail under "Application of reed indicator to the
12 -course radio range."

Rao wu

CHUM

OtUL

FROM [ nu)
YCLLOW

OWL

MACK

CRLf-t1

TO

W021d

T
Fig. 3-Face of 12 -course reed indicator showing shutters removed to expose the

color system and whitened tabs attached to the reeds.

3. Cylindrical Type of Indicator and Shockproof Mounting

Since it is not necessary to plug in different indicators for different
radio -range courses with the 12 -course indicator, the one indicator
serving all courses, this instrument and mounting may be made more
in keeping with the rest of the aircraft instruments. A cylindrical
shape for the indicator and mounting, as shown in Figs. 4, 5, and 6,
may therefore he adopted. The reed unit shown in Fig. 4 is designed
to rotate within the inner cylinder shown in Fig. 5, this cylinder being
held within an outer cylinder by means of eight springs. This outer
cylinder is fastened to the instrument board. The spring mounting is
necessary to prevent the mechanical vibration from the airplane from
operating the reeds at certain engine speeds. Slip rings shown in Fig. 4
on the rear of the indicator and brushes on the rear of the inner cylinder
serve to carry the current for operating the reeds and the light, for
illuminating them.

To show the words "To" and "From" on the indicator the proper side
up, the reed unit shown in Fig. 4 is turned through 108 deg. by revolv-
ing it in its mounting. A covering with a glass window is placed over
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the reeds, shutter, and color system, to protect them from dirt and rain.
Two knobs extending through this cover provide means for operating
the shutters. A front view of the instrument, as seen by the pilot, is
shown in Fig. 6. The indicator and mounting shown in Figs. 4 and 5
weighs about 11 pounds. It is M inches in diameter and 5 inches long.

Fig. 4-Rear inside view of tuned -reed 12-course indicator shown in Fig. 6.

B. OPERATING CHARACTERISTICS
1. Sensitivity

The three reeds are adjusted to be equisensitive by changing theair gap between the electromagnet pole pieces for each Teed. Fig. 7shows the reed deflections in millimeters, as seen by an observer,plotted against the voltage applied to the terminals of the reed indi-cator. At the amplitudes of vibration normally used; that is, 4 to 9mm, it will be noted that essentially a straight line relation existsbetween the deflection and applied voltage, which is quite necessaryin order to prevent any apparent shift in course with adjustment ofvolume control on the radio receiver operating the reeds. At thenormal deflection of 8 mm the current in the driving coils is 1.4 ma.This sensitivity has been obtained by means of a switch operated by
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shutter A, which short circuits the two driving coils for whichever reed

is not in use. Additional sensitivity may be obtained over that shown
'in Fig. 7 by the use of a large one-piece permanent magnet.

Fig. 5-Cylindrical type of shockproof mounting for 12 -course tuned reed
indicator shown in Fig. 6

2. Selectivity

As in the case of the 2 -course indicator each reed in the 12 -course
indicator is insensitive to any frequency other than its natural fre-
quency. This is a very valuable feature, since it practically eliminates
the effects of interfering signals unless these signals are severe enough
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to block the tubes in the receiving set, or unless they are very near the
same frequency to which the reeds are tuned. This interference may
come from many sources, such as engine ignition and atmospheric
disturbances, marine beacon signals and radio -range signals of the
aural type. In many cases it was found that where radiotelephone sig-

Fig. 6-Latest type of tuned -reed course indicator for the 12 -course aircraft
radio range.

nals were coming in stronger than the aural radio -range signals the
latter were entirely unintelligible on account of interference while under
the same conditions the reeds functioned satisfactorily.

3. Effect of Damping the Reeds

Light aluminum air dampers, .1, II, I, Fig. 2, are placed on the end
of each reed in order to broaden the tuning, to prevent any appreciable



Dunmore: A Tuned -Reed Course Indicator 971

change in reed amplitude should the modulation frequency shift by

as much as 0.3 per cent. The damping is so proportioned that the

relative reed amplitude will not change appreciably even though the
frequency varies by as much as 0.5 per cent. The resonance curves for

9
I I

1

7

6

Z5

2
0 4

0 2

3 -
A - 65-RELD
X - 86.7-
0 - 1013.3-

3 4 5 6 7
VOLTAGE- AC -R033 TERMINALS OF REED INDICATOR

Fig. 7-Voltage required to operate the reeds on the 12 -course indicator.

10

the three reeds are shown in Fig. 8. Since the three frequencies of
modulation at the radio range are obtained from three generators with
6, 8, and 10 poles with shafts directly connected, the three frequencies
must vary in this fixed ratio, and the resonance curves are propor-

10

9
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-6

8

7

2 5

tJ

LL 4

ta

3
A 65-- RELD
X b6.7-
0 100.3.-'

2 S 4 5 6 7

VOLTAGE ACROSS TERMINALS OF REED INDICATOR

8

- Fig. 8-Resonance curves for the three reeds in the 12 -course indicator, showing
effect of correctly proportioning the damping to keep reed amplitudes the
same relatively as frequency changes.

tioned, i.e., so that if, for example, a 0.3 -cycle variation occurs in the
65 -cycle frequency,r:la 0.9 -cycle variation will occur in the 86.7-cycle
frequency, and a 0.5 -cycle variation will occur in the 108.3 -cycle
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frequency. From the curves in Fig. S it will be seen that for such a va-
riation in each frequency the reeds will all drop in amplitude approxi-
mately the same amount., i.e., 1.8 mm. Since the relative amplitudes
of the reeds do not change, an apparent shift in the course therefore is
not obtained.

Since the data for the curves shown in Fig. 8 were obtained, means
have become available for holding the modulation frequencies to the
correct values with greater accuracy, so that it is possible to use less
clamping on the reeds. This not only increases their sensitivity but
also their selectivity, making them even less subject to interfering
signals of frequencies near that to which they are tuned.

C. APPLICATION OF THE REED INDICATOR TO THE TWELVE COURSES

One of the features which simplifies the use of the 2-course reed
indicator is the one simple rule which the pilot must remember, i.e.,

Fig. 9-Radio-range transmission characteristic and face of reed indicator show-
ing necessity for turning the unit upside down when reversing the directionof flight.

"longest reed shows side off course." For example, if the right-hand
reed vibrates with greater amplitude than the left-hand reed, the plane
has drifted off the course to the right.. In order that this rule will hold
true regardless of the direction of flight., the reed box is used as fol-
lows:

Referring to Fig. 9, which shows a typical radiation characteristic
of the double -modulation radio range and also the front of the 2-course
reed box, when the pilot. is on the course flying in a certain direction,
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say toward the radio range located at 0, along the line DO, the zone of

g.reatest 65 -cycle modulation is on his right and the zone of greatest
86.7 -cycle modulation on his left. When drifting off the course to the
right, therefore, the 65 -cycle reed would vibrate with greater ampli-
tude. This reed should, therefore, be on the pilot's right since the one
rule should hold, "longest reed shows side off course." The words
"To" and "From" are so engraved on the face of the reed box as shown
that when the word "To" is right side up, the 65-cycle reed is
on ,the pilot's right. Should the pilot make a 180 -deg. turn and fly
from the radio range, the location of the zones of greatest 65- and 86.7 -
cycle modulation reverses with respect to his right and left. This is also
true if he passes over the radio range and flies from it along the line OC.
It is therefore necessary to turn the reed box upside down, i.e., so the
"From" is right side up: This revises the reed location and places
the 86.7 -cycle reed on his right, in accordance with the reversal of the
zones of modulation with respect to the pilot's right and left.

With the 12 -course indicator the problem of maintaining this
simple rule becomes more difficult, as will be seen by Fig. 10, which
shows the distribution of the modulation frequencies used at the radio
range for the different courses. The three figures -of -eight show the
radiation characteristics of the 12 -course radio range for each of the
three frequencies of modulation. The colors indicate the courses or
zones where two of the frequencies of modulation are present in equal
amounts: This color combination was chosen to match the color
system on the face of the reed box in order to simplify the operation
of the reed indicator, as shown in Fig. 3, where two colors appear for
each setting of the window A, and three colors for each setting of

window B. The pilot's map has the radio -range courses in color so if
he wishes to fly on a red radio -range course, as shown by the map, the
shutter A on the face of the reed indicator is set to show red through
part of the window. This exposes the 65- and 86.7 -cycle reeds which,
from Fig. 10, are the two frequencies of modulation used on the red
radio -range course. A black course could also be flown with this same
shutter setting. It will he noted when flying on a black course from
the radio range (it being located at the intersection of all lines) that
the 86.7 -cycle signal is on the pilot's left, while it is on his right when
flying from the radio range on the red airway. This reversal is true of all
the 90 -deg. courses and upsets the fundamental rule for using the reed
indicator, i.e., "longest reed indicates side off course." To overcome
this, a second shutter, 13, and color scheme, Fig. 3, are provided on
the face of the indicator. This shutter reverses the "To" and "From,"
as shown, to compensate for the reversal of the location of the fre-
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quencies of modulation with respect to the pilot's right and left on
the 90 -deg. courses. The shutter system operates as follows: the
pilot observes on his map the color of the radio -range airway course he
desires to fly and which way he desires to fly on it, i.e., whether "To"
or "From" the radio range. If he chooses a red course, he sets both
shutter A and 13 to show red. This exposes the 65- and 86.7 -cycle reeds,

,

1,28a

lfl 00.

'Do
4?

cs
28"'

88.7-
65 ^-

--- 108.3+

Fig. 10-The 12 -course radio-range transmission characteristic. The color indi-
cates the courses where two m3dulation frequencies are of equal strength
and reeds vibrate with equal amplitudes.

which are the correct ones for the red course, as shown on Fig. 10. The
lower shutter exposes the words "From" and "To," one of which is
upside down. If he desires to fly "From" the radio-range, he rotates
the indicator unit in its mounting so the word "From" is right side up
(when the red is exposed byboth shutters). This puts the 86.7 -cycle reed
on his right and the 65 -cycle reed on his left. From a glance at Fig.
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10, on the red course, it will be noted that the 86.7 -cycle modulation

is on the pilot's right when flying "From" the radio range, the 65-cycle

on his left, so the rule will hold, since if he turns to the right the
86.7 -cycle signal will become stronger and the 65 -cycle signal weaker.
Therefore the 86.7 -cycle reed indication will appear longer, and the
65 -cycle reed indication will appear shorter. A similar test may be

made, using Figs. 3 and 10, on any one of the twelve courses, and it
will always be found, if the reed box is rotated to have the correct
side up, that the longest reed will always indicate the side off course.

The pilot's instructions for operating the indicator may be con-
densed to the following:

(1) Set both shutters to show the color, according to the map,
of the airway to be flown.

(2) Turn reed box to show "From" or "To" right side up, de-
pending upon whether the desired direction of flight is from

or to the radio range.
(3) Longest reed indicates side off course.

A further application of this type.of reed indicator is its use by a
pilot when lost in fog, to guide him in the right direction to the nearest
radio range. There are many instances when a pilot navigating by
magnetic compass in fog without radio -range facilities has been com-
pletely lost. With the 12 -course reed indicator used in conjunction
with the 12 -course type of radio range, a pilot should have no occasion
to become lost, hut if he should, it is a rather simple matter for him to
"find himself," i.e., he is able to get on a radio -range course and deter-
mine definitely which way he is flying along that course.

This feature is made possible by the fact, as will be seen from
Fig. 10, that the courses alternate in their relative signal strength,
i.e., there arc six courses of given signal strength and six more between
these of 58 per cent of the signal strength. The amplitudes of vibration
of the three reeds for each course are shown opposite each course in
Fig. 10. A pilot, therefore, if lost, may make use of his third reed to
determine what course he is on, in the following manner. First, he
moves shutter A, Fig. 3, and finds the two adjacent reeds which are
nearest equal, and navigates until they are equal. This places the air-
plane on one of four courses, say, either of the two red or black courses,
since from Fig. 10 it will be seen that a given course, its 180 deg. course,
and the two 00 deg. courses, have the same modulation frequencies,
which would cause the same two reeds to vibrate. Two of the courses
may he eliminated by observing the third reed, i.e., the reed adjacent
to the two equal reeds. If this reed is vibrating with greater amplitude
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than 'the two equal reeds, then, as seen from Fig. 10, the airplane is on
one of the black courses, since the 108.3 -cycle signal is nearly twice
the 86.7- and 65 -cycle signal operating the two equal reeds. Should the
airplane have been on a red course, the third reed would have had zero
amplitude. Having determined that the airplane is on one of the
black courses, the shutter B, Fig. 3, is set to show black. There still
remains the ambiguity as to which of the black courses the airplane is
on, and as to the direction of flight. Assume the black courses extend in
a north and south direction as shown in Fig. 11. The airplane is flown
by means of the magnet compass in one of these directions, say, north,

WEST -RADIO BEACON EAST

Fig. 11-Chart showing method of determining the direction of flight relative
to the radio range when such direction Is unknown.

and flown off course to the right. The reed box is turned in its mounting
so that the right-hand reed is longest when off course to the right.
If the word "From" exposed by shutter B is right side up, the airplane
is flying north from the radio range on the northern black route OD.
It cannot fly north to the radio range along this line. If the word "To"
exposed by shutter B is right side up the airplane is flying north to
the radio range on the southern black route OC. It cannot fly north
from the radio range along this line. Thus a pilot may definitely estab-
lish his location with respect to the radio range. The above system
of procedure may be condensed into a few simple rules for the pilot
to follow without any technical knowledge on his part of the radio-
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range system. These rules, which a pilot should seldom find necessary
to use, are as follows:

(1) Move shutter A to show the two reeds of nearest equal
amplitude and navigate airplane until they are equal.

(2) Note amplitude of reed adjacent to the two equal reeds.
(3) If amplitude of this reed is greater than that of the two equal

reeds, set shutter B to show black, green, and brown; if less,
set it to show red, yellow, and blue.

(4) Then the common color exposed by both shutters is the
course being flown.

(5) Note the directions of this course on the map and fly ac-
cording to the magnetic compass in one of these directions,
deviating to the right until the equal reeds become unequal.

(6) Turn reed box so that the longest reed is on the right; then,
whichever of the words "To" or "From" is right side up
indicates the general direction of flight relative to the radio
range, and the magnetic compass indicates -the absolute
direction.

A single 12 -course indicator may be used on any number of 12 -
course radio ranges since neighboring radio ranges operate. on the
same modulation frequencies but on a slightly different carrier .fre-
quency. A change in tuning of the radio receiver, therefore, is all that
is necessary to cause the indicator to operate from signals from another
radio range. This tuning should be done when the plane reaches a
point approximately midway between the two radio ranges being
used. The courses of two neighboring radio ranges are oriented where
possible so that courses with the same modulation frequencies will be
in a straight line. In this case the reed box need only be turned
upside down to show "To" instead of "From" at the midpoint be-
tween the two radio ranges when theradioreceiver is tuned to the radio
range being approached.

The 12 -course reed indicator gives a continuous indication to the
pilot as to the position of his airplane with respect to the radio -range
course. This feature is of great advantage when used to guide an
object moving as fast as a modern airplane. This is especially true
when approaching a radio range located on a landing field. As the air-
plane nears the radio range, any slight movement of the airplane
from one side to the other is immediately noticed with only a glance
at the reeds. In fact, when over the field the indication is sharp enough
so that a pilot is able to keep the airplane within the width of the
average runway if the course is oriented down the center of it.
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III. The 4 -Course Reed Indicator

A. DETAILS OF DESIGN

1 Reeds and Driving Elements
These features of the 4 -course indicator are identical to those of

the type F, 2 -course indicator referred to in the introduction.

2. Shutter and Color System
It is the addition of a shutter with a color system that changes the

2 -course indicator to the 4 -course indicator. This shutter is the same

Fig. 12-The 4 -course tuned -reed indicator and shockproof mounting.

as shutter B, Figs. 1 and 3, except only two colors are used, one for
each position of the shutter. Shutter A and its color system are not
used, as there are but two reeds in this indicator. Fig. 12 shows in-
dicator with mounting.
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3. Shockproof Mounting
Since it is necessary to plug in a different indicator of this type if

radio -range courses using different modulation frequencies are to be

used, the shockproof mounting is made the same as that used with the

type F, 2 -course indicator.

B. APPLICATION OP THE REED INDICATOR TO THE 4 -COURSE

RADIO RANGE

A typical radiation characteristic for the 4 -course radio range and

the face of the 4 -course reed box with shutter B, are shown in Fig. 13.

The purpose of this shutter is the same as the similar shutter used on

the 12 -course reed box, i.e., it reverses the "To" and "From" so the
rule, "longest reed shows side off course," will hold, regardless of the

course being flown and direction of flight. In other words, it compen-

sates for the reversal of the location of the frequencies of modulation

with respect to the pilot's right and left on the 90 cleg. courses.

girl
119Za. "
667- 65..

BI _
r----1
' *=?El,':,

FROM

EiLACI'N

Fig. 13-The 4 -course radio -range transmission characteristic and face of ree d
indicator for use on any one of the four courses.

To adjust the reed box for use on a given course the pilot merely
sets the shutter to show the color of the radio -range course he is to
fly as shown on his map, and plugs the indicator into its holder the
proper side up to show the "To" or "From" right side up, depending
upon whether he is flying "To" or "From" the radio range. In Fig. 13

the shutter is set for a black airway, and the reed box is in a position
for flying from the radio range.
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AvphicATIoN -1-Cototsm REmo liox To Tim 12-ComisE
RADIO H A N(;

Aside from its use with the 4 -course radio range, the 4-comse
reed indicator may be used with the .12 -course radio range. For ex-
ample, the 4 -course indicator described above with 65- and 86.7 -cycle
reeds, may be used on the two black and two red courses of the 12 -
course radio range. With the two reeds in the 4 -course indicator tuned
to 65 and 108.3 cycles and a brown and blue color scheme used on its
face, this indicator may be used on the two brown and two blue courses
of the 12 -course radio range. When the reeds are tuned to 108.3 and
86.7 cycles and the colors green and yellow used, the remaining courses
of the 12 -course radio range may be utilized.

Thus, a pilot chooses the reed box having the same color as the
radio -range course to be flown and uses it for flights on those courses.

In some instances, therefore, when an airplane flying on a 12 -course
radio range is used on a fixed route, as is often the case with mail air-
planes, a4 -course reed box maybe used in place of the12-course indicator.

The 4 -course indicator plugs into its mounting so that another may
be quickly substituted for use on another set of four courses. Thus
three 4 -course reed boxes may be used in place of one 12 -course reed
box in case of necessity..

With a 4 -course indicator with reed -driving coils shunted by a
potentiometer which changes the relative sensitivity of the two reeds,
a single radio -range course may be made effective over an angle of
30 deg. or more, i.e., a course may be flown with equal reed deflections
along any line making an angle of up to 15 deg. on either side of the
true course.

In this way of using three 4 -course indicators with shunting po-
tentiometer, the 12 -course radio range becomes effective over prac-
tically the full 360 deg., i.e., a course may be held with equal reed
deflections at any angle of flight towards or away from the radio range.

A 10,000 -ohm potentiometer is connected to the reed -driving coils,
U, Y, TV, and X, of the 4-course indicator, as shown in Fig. 14. A front
view of this course deviometer with uncalibrated scales is shown in Fig.15.

As a direction of movement of the sliding contact on the poten-
tiometer reverses for the 90 -deg. courses, a color system with a double
pointer is again used. In this way the pointer which is over the correct
color scale is moved to the right or left, depending upon which side
of the course the pilot desires to fly. The scales may be calibrated ap-
proximately in degrees deviation from the course. When calibrated
for the 12 -course radio range the lower scale is calibrated for the black,
brown, and green courses, while the upper scale, is calibrated for the
yellow, blue, and red courses. (See Fig. 10).
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The deviometer may be used with the 12 -course indicator, in which
case shutter A, Fig. 3, may be made to operate a second switch, con-
necting the moving contact:of the deviometer to the center connection
between the two sets of driving coils in circuit for the particular
setting of shutter A .

REED INDICATOR
-DRIVING COI L5

SCALES
CALIBRATED APPROX-
IMATELY IN DEc,RFF
DEVIATION FROM THE
COURSE

TO R E_CEJV 1 NG 5LT

Fig. 14-Circuit diagram for the deviometer or. course -shifting device for use
with the two- and four -course tuned -reed indicators.

IV. Conclusion
The 12 -course reed indicator described herein contains three reeds

tuned to the three frequencies of modulation used in a 12 -course radio
range. It has been so designed as to permit the guiding of an airplane
along any one of the twelve courses without confusion.

The relative amplitude of vibration of any two adjacent reeds
indicates continuously the position of the airplane with respect to a
given course. Equal amplitudes of vibration indicate that the airplane
is on the course. Unequal amplitudes of vibration of the reeds indi-
cute that the airplane is off the course to the side of the reed having the
greater amplitude. A. simple shutter with windows, in front of the vi-
brating reeds, exposes any two at a time. The correct two for a given
course is determined by a. color system which is exposed by the window
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to correspond to the color of the particular radio -range route marked

on the map. A second shutter and color system is provided so that the

rule, "longest reed indicates side off course," may be made to hold
regardless of the course being flown or the direction of flight.

The 4 -course indicator is the same as the 2 -course indicator with
the exception of a shutter and color system on its face to adapt it to
any one of the four courses. The 4 -course indicator may be used on

the 12 -course radio range, three such indicators being necessary to
cover all twelve courses, each indicator having reeds tuned to match

the frequency of modulation of the different courses.

Fig. 15-The deviometer, or course -shifting device, used with the reed indicatoz
to enable the pilot to fly off the course with equal reed deflections.

A pilot using these indicators may hold an airplane in a given

radio -range course with an accuracy of approximately 2 deg. By

changing the relative sensitivity of the reeds with shunt resistances
a given radio -range course may be made effective over an angle of 3C
deg., thus greatly increasing the service area of the radio range.

The 12 -course indicator and mounting weighs about Li pounds and
is 31 inches in diameter and 5 inches long. The 4 -course indicator and
mounting weighs about 11 pounds and is 31 X21 X41 inches.

The author is indebted to H. Diamond for helpful suggestions if
connection with the design of these indicators, and to R. R. Gessford
for constructing the indicator models and for suggestions pertaining
to their mechanical design.
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SINGLE- AND COUPLED -CIRCUIT SYSTEMS*

BY
E. S. PURINGTON

(Hammond Research Corporation, Gloucester, Massachusetts)

Summary-This article discusses networks based upon singly -tuned cir-
cuits, and upon coupled circuits with primary and secondary both resonant to the

same frequency. Transmission equations are developed and it is shown that for a
desired possible transmission -curve shape, the sum of all decrement coefficients must
be a certain amount, readily computable for coupled circuits as well as for single
circuit s.

Coupled circuit transmission -curve shapes may be developed from single-circuit
curves by a multiplication process as in staggered -cascade amplification, or by a
vector difference process, employing two staggered single circuits with opposite
couplings from a power source. A special case of the vector difference method is the
coupled circuit itself, with primary current the vector sum and secondary current
the vector difference of two single -circuit currents. This property permits a suitable
coupled system to be used for radiating energy of two closely adjacent channels from
a single antenna without cross reactions on the power sources.

Complex networks are handled by transfer equations by which a branch con-
sisting of a voltage source and resistor in series coupled to a network by a transformer
device is replaced by an equivalent voltage and impedance within the network.
Application is made to computation of interstage amplifying transformers, and of
single- and two -circuit filters with resistance loading. A brief treatment is given of
the impedance and power -factor loading of generator circuits which is of especial
importance when tuned networks are output devices of power tubes operating al
high plate efficiency.

I. Scope of the Article

THE PURPOSE of this article is to present some of the important
relations in single -circuit systems, in coupled -circuit systems,
and between single- and coupled -circuit systems, with attention

to use of such systems in intertube couplings as well as in circuits for
which the output is power consuming.

To simplify the treatment, attention at first will be directed to
basic arrangements in which the driving voltage and the power -con-
suming devices are in series relationships with the tuned -circuit
elements. Later, consideration will be given to more complex arrange-
ments with the tuned systems fed from amplifying or power tubes,
and loaded by resistance either directly or inductively coupled to one
of the circuit reactance elements.

In the treatment here given details of mathematical processes

* Dewey decimal classification: R140.
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which are matters of algebraic manipulation will be minimized. Cer-
tain statements will be made and justified on physical bases, without
giving the details of mathematical and experimental checks which,
have been made. Further, because of the complexity into which studies
of this kind could extend if carried out in full detail, restrictions will be
made in order to handle cases of especial interest in a manner correct to
the first degree of approximation. In some cases information will be
given for determining the magnitude of second -order effects. More
attention will be paid to the treatment for single circuits in order to
show the processes involved with a fairly simple arrangement and
similar processes for coupled circuits will be presented in abstract only.

II. Curve Shapes of Transmission

The chief interest in tuned circuits is in .the production of selec-
tivity, and the most important study is perhaps the general nature
of. transmission curves for single and coupled circuits of the simplest
types. In actual tube amplifier and in filtering circuits with power
load the transmission shapes will be substantially the same as in the
elementary basic arrangements which have scarcely more than a
mathematical existence.

A. SINGLE -CIRCUIT ARRANGEMENT

In contrast with coupled -circuit systems, for single -circuit study
- there is but one basic arrangement, as shown in Fig. 1, with the im-

Fig. 1-Single circuit.

pressed voltage e, resistance .1?, inductance L, and capacitance C, all
carrying the same current i. Interest centers upon the voltage ec estab-
lished across the condenser C for different frequencies of the voltage
source. We assume a linear network with currents and voltages, which
for given frequencies are proportional, and describe the selective pro-
perties of the circuit by a transmission ratio T given by the ratio of the
condenser voltage to the driving voltage : T=e,/e. The numerical
capacitance and inductance is assumed to be independent of frequency.
However, the dissipative resistance is assumed for mathematical con-
venience to Le proportional to the frequency of currents through it.
There is a physical justification of this assumption to a certain degree,

Fc
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and mathematical treatment, with this assumption i$ more likely to be
correct than if the resistance is assumed independent of frequency.
Further, the voltage source is assumed to be maintained the same for
all values of current drawn from it. An ultra -exact treatment would
hardly give results of greater physical and engineering value than a
treatment with the assumptions here made which give simpler equa-
tions.

1. Notation

For single -circuit notation, let
c = value of impressed voltage
Sl = the angular velocity at resonance

To = the frequency at resonance
= vector angular velocity of voltage c

f = frequency of voltage c
7' =PP° ratio of impressed to resonance frequency

X =reactance of L, and of C, at resonance
I? = lumped circuit resistance at resonance
71= decrement coefficient at resonance = R/X
cc= voltage across C
T = er/c = transmission factor of the circuit

and f2 = two values off for which T is the same numerically
(12-fl)=4 =the difference of the two equal transn:ission frequencies

=647F0 the relative difference of frequencies for equal trans-
mission.

2. General Formula for Transmission
Subject to the conditions imposed on e, I?, L and C the solution is

T = vectorially;

r2[ + .1(1 -
r"-

1

+ -
numerically. (1)

The quantity n is here termed decrement coefficient because of its
simple relation to the logarithmic decrement of the circuit for each
cycle of the current with the system oscillating freely. In many cases
it is approximately numerically equal to the "power factor," or, as
many prefer, the "phase defect" of the inductance coil. The total n

however includes that clue to dielectric and shield losses, and due to
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space conduction in vacuum tubes associated with the circuit. Since
the entire n determines the breadth of the resonance curve, and the
decrement idea is somewhat archaic, a terminology based upon the
resonance idea would be preferable.

3. Symmetrical Approximate Solution

For frequencies close to resonance, the value of r2 by itself is of
minor importance as it does not change rapidly in the region of res-
onance, but the value of (1 -1/r2) is of considerable importance
as it changes rapidly for values near resonance, that is, near r =1.
To express the curve in terms of 0 the relative difference of the two
frequencies for equal transmission, we have 0= (r2-r1) in which
r1 and r2 are values of r less and greater than unity, respectively, which
make (1-1/r2)2 the same quantity, say A2, that is,

(1 - 7.-22) = A, and (1 -'121 = - A. (2)

From which we find (r2-ri) =A-1-AV8+7A5/128. Neglecting the
higher order terms, 0=A very closely. Wherefore in the general
formula for numerical transmission, by considering T2 as it appears by
itself to be unity, and replacing (1 -1/r2) by /3 which allocates both
values of frequency for equal transmission we have the simplest pos-
sible solution

1
T = approximately. (3).072 /32

Three values of T are of especial interest.
For the value 0=0, that is at resonance, the transmission is

To =1/n, and the transmission curve as a whole with respect to trans-
mission at resonance is

T

To 1/772 + 02

For values of frequencies which make T/To= W2 we have simply
0=n. This relation is the basis of determining the value of i without
evaluating R and X by noting the relative difference of the two fre-
quencies for which transmission is 0.7 times the maximum trans-
mission.

If the single -circuit system is to represent an imitation of a sym-
metrical band -filter system over a range of frequencies of relative
breadth B, (e.g. for 10-kc range at 500-kc mean value B=0.02) then

approximately. (4)
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the ratio of transmission at. the extremes of the band to that at the
center is

7'1;
= approximately. (5)

To \/77' f32

For single -circuit systems then, the curve shape of transmission
is specified on a relative basis by a single quantity q. For a trans-
mission range 13, equality over the range can be approached only by
using a large value for n in comparison with .h', but selectivity against
transmission of undesired frequencies' can be approached by using a rel-
atively small value of 77. There are insufficient shape constants to per-
mit. single -circuit transmission curves to meet both requirements of a
band-pass filter in passing desired frequencies fairly uniformly, and in
excluding undesired frequencies fairly completely. It is of interest.
to note how many independent. shape constants there will be. for cou-
pled -circuit systems, by an adjustment of which ideal band -miss con-

ditions may he to some extent. approached.

13. CourLED4!tuctrr Ann.\ NG EN1 EN TS

1. Types of Coupled Circuits
Types of possible coupled circuits arc far greater in number than

the single basic circuit. of single -circuit. systems. Several diagrams are
shown in Fig. 2. In Fig. 2a the primary circuit containing the driving

re),
T -IT

a b

C d

Fig. 2-Coupled-circuit arrangements.

voltage source is inductively coupled magnetically to the secondary
circuit which includes the voltage operated or power consuming
devices. Here but. two currents must be considered in setting up
the equations of flow, and this may perhaps be considered the most.
important. as well as the simplest type. In Fig. 2b, voltage from each
circuit into the other is inserted by impedance drop across the general-
ized impedance Z which in special cases may be inductive, capacitive,
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or resistive. In both of these circuits, the coupling impedance is num-
erically small in comparison with reactance of the circuit elements.
For Figs. 2c and 2d the coupling impedances are between points on pri-
mary and secondary circuits, and they are of large numerical value in
comparison with circuit reactances. Circuits of types shown in Figs. 2a
and 2b have the common property that with equal primary- and G

secondary -resonance frequencies, and with a coupling impedance which
does not change rapidly in the range of transmission, then the trans-
mission curve is fairly symmetrical with respect to the frequency
to which each circuit is tuned. If the coupling impedance of Fig. 2b
changes rapidly in the region of resonance, then the network does not
exhibit the properties of a coupled -circuit system, and if the coupling
impedance is also tuned to the same frequency as the circuits which are
coupled an interesting three -circuit case arises. Transmission curves
for networks of the types Figs. 2c and 2d are not symmetrical with re-
spect to equal frequency tuning of primary and secondary, and this
fact, combined with the difficulty often met in providing sufficiently
high coupling impedances, makes these types of less importance.
Often in actual equipment combinations of networks such as Figs. 2a
arid 2c occur due to undesired stray couplings.

Mathematical attention will be directed to the type of Fig. 2a,
of the simplest possible arrangement, but results will be applicable
in some respects to all types in which the coupling does not change
rapidly in the transmission range.

By inspection of the simplest system, Fig. 2a, it may be judged that
the transmission -curve shape is determined by four quantities, the
primary decrement coefficient, the secondary decrement coefficient,
the coupling between the circuits, and the relative difference of the
frequencies to which the circuits are individually tuned. For simplifica-
tion of the problem, treatment is given only for the case of the two cir-
cuits tuned each by itself to the same frequency F0; the most important
case in practice. However, the two decrement coefficients in general
will be made unequal.

2. Additional Notation

The notation for coupled system, Fig. 2a, follows along the same
general lines as for the single ciucuit, with the following additions:

Xi =reactance of primary inductor or condenser at Fo
X2 = reactance of secondary inductor or condenser at Fo
ni = primary decrement coefficient at resonance = R1/X'1
n2 = secondary decrement coefficient at resonance = R2/X2

411

is

it

5.
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.11

/L'I I'2

= coupling coefficient.

7' = er../c = transmission ratio of secondary cnndenser vol12ge
primary driving voltage.

3. General Transmission Formula
The general formula for absolute transmission is exnel ly

1

1.-

[1/17/2 + T2- ( I

( 6)

r-
+ 712) ( I - -r2))

4. Symmetrical Approximate Solution
As in the single -circuit case consider r2 = i over t he range of interest,

and identify (1 -1/r2)2 with 02, in which 0 is the relative difference
of the symmetrically located frequencies for equal transmission and

expanding:

X2 (7)

V1 4- OW 7/22 - 27')/3' 0702 + r'')2

The shape of the transmission curve as the frequency or its rep-
resentative (3 varies is dependent- solely upon the values of the coelli-

,cients (m2+1122-272) and ohno+72)2. For a specified shape, the values
of 712 and 7 must lie so related as to make these coefficients definite
numerical quantities. Because three variable parameters exist and
only two numerical values are to be produced, it is evident many com-
binations of 771, n2 and r will result, in the same curve shape. Maximum
possible transmission with a given shape requires a choice of r, ni
and nn which produces the desired shape with the largest. possible value
of r.

However, it. is not convenient to specify shapes of curves by assign-
ing values to the coefficient. of 02 and to the constant. term, since
these have no direct physical or pictorial meaning. It is more logical
to specify shapes of curves in terms of properties of the curves them-
selves, wherefore the shapes of the curves possible must be examined
in more detail.

5. Classification of Curve Shapes
Examination for maxima and minima of T of (7) with changing 0

shows
(1) T is maximum for a set. of values r, ni and 77.2 for the particular
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value = \/T2 -(n12+7722)/2 provided r >N/(r/12+7122)/2. At the same
time there is a minima at /3=0 corresponding to a dip in the curve at
frequency Fo.

(2) If 7 Y(7/12 -1-n22)/2, then T is maximum for [3=0 at the center
of the transmission band.

The relation 7= Y(7712+7722)/2 may be called critical -shape coupling

relation. For values of 7 less than V(7712+7722)/2, then 7, X71, and 772

are so related as to give one -hump transmission curves, and the coeffi-
cient of 02 in (7) is positive. For relations of 7, 771, and 772 such that
-r is greater than -\/(77124-7722)/2, the curves are of the two -hump type
and the coefficient of 02 is negative.

a. Critical Shape Coupling.
For the boundary condition r2= (7712+7122)/2, the coefficient of 02

in (7) is zero, and the transmission shape is

711- + 7722

2
T = (8)

1/13, (ni + 772)4

The transmission at Fo is To= N/X2/X1 N/2(n12+7722)/(7/1+772)4,
and with this as a reference value the curve shape reduces to

(m + 772)2

T 2=
To (q) + n2)44/ /34 +

(9)

b. Sharper than Critical Shape Coupling.
There is no need for detailed discussion of curve shapes for less than

critical shape coupling. For the symmetrical condition 771=772=77 say,
and with T =kn in which k is a quantity less than 1,

/X k

To='/
--A71

(10)
(1 ± k2)77

T p2(1 k2)
(11)

To V[02 + - k2),72.12 4k27/4

As k is made small, the amount of transmission becomes small and
the selectivity greater. While coupled circuits were originally devised



Purington: Single- and. Coupled-Cfrouit Systems 991

for the purpose of improving selectivity, the most important purposes
at present are combined improvement of selectivity and improvement
'of uniformity of transmission, and chief interest in coupled circuits is
therefore on the two -humped side of critical coupling rather than on the
one -peak side.

c. Double -Hump Curve Shapes.

For describing a two -humped curve shape as in Fig. 3 resulting for
T > Y(7712+7722)/2, we use two important ratios. First is the breadth re-

tom- b

T
IT,

Fig. 3-Double-hump curve specification.

lation b conveniently measured by the relative difference (fm2-fnii)/Fo
of frequencies for maximum transmission. This is the value 0 assumes
.for these peaks and is given numerically by

b = /1/r2
ni2 ± ?722

2
(12)

The other important ratio is a height relation h=1',/To which gives
the maximum transmission relative to the transmission at the center
of the band for r =1 or (3=0, and this height ratio is

7-2 + nin2
11 = (13)

(ni 772)VT2 i(ni - 772)2

These two relations may be considered to take the place of the numeri-
cal values of the coefficient of 02 and of the constant term of (7) in
describing the curve shapes.

Elimination of r between the equations for b and h gives the fol-
lowing relation of interest

772) = b\/26/ lag

712

= bf(h). (14)

That is, if both b and h are specified, the sum of the two decrement
coefficients must have a definite numerical value proportional to b
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and to a function of h. For several values of h there are listed below
the values of f(h) by which by is to be multiplied to give the necessary
sum of decrement coefficients.

TABLE I
ItEtwtitED SUM OF DECREMENT COEFFICIENTS

h f00 h f(10 h PO

1.01 3.50 1.07 1.005 1.3 1.06

1.02. 2.75 1.10 1.675 1.4 0.935
1.03 2.52 1.15 1.43 1.5 0.825
1.04 2.30 1.20 1.275 1.7 0.69
1.05 2.14 1.25 1.16 2.0 0.55

In terms of b and h the complete curve shape is

/12
, x, b4

4/ (132 - 1)2)2 + h= - 1

(15)

subject to T= N/1)2 ± (i12 ± n22) / 2 and (n1+7/2)=bf(h) given above.
For the peak transmission at 13 = b, the value Tn. is

0/ b2
(n12 + 7/22)

To- 2 - 1 '1'21 2
= /1///

.X1 b= (77i + 772) +'72)
4

(16)
For a given b and h and therefore a given sum, for (771+772), maxi-

mum possible value of T ,x occurs when the required decrement
coefficients are equal, giving say 771=772=n, for which

,,T;
--- 

277

This value is independent of the values of b and h, so that the maximum
transmission on two humps is quite independent of the exact nature of
the transmission curve.

The quantity N/A -2/X1 appearing as a factor in several of the
formulas is numerically equal to the ratio of secondary turns to
the primary turns provided the windings in the two cases are the same
dimensions and shape. In general, it. is not helpful to compare a
loosely -coupled transformer as in the present article with a tightly -
coupled power or audio transformer. For example, it would be a mis-
take to conclude that a two -to -one winding ratio in both cases indicates
a two -to -one voltage ratio.

b'

(17)
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On a relative basis with the transmission To at the center of the
transmission band as a basis, the entire curve shape is

b2h

T vh2-1
= (18)

To /03n b4

(1t2-1)

which reduces properly to unity for f3 = 0 and h for # = b.
Wherefore for coupled -circuit systems with two -peak transmission,

the whole curve is specified when the shape values of b and h are
specified, and a definite sum of primary- and secondary -decrement
coefficients is required so that when T is suitably chosen the specified
shape will he attained. The symmetrical equation (18) will suffice for
most computations of shapes, but if more exact computations are
required, or transmission is to be examined far from resonance, Wen-,
tion must be directed to the more complex equation (6).

III. Relations of Single- and Coupled -Circuit Transmission Curves

In comparing selectivity of coupled circuits with that of single
circuits, it is evident from (4) and (9) that for off -resonant selectivity
with # large in comparison with any of the rd's, or T, the transmission
for single circuits is roughly inversely as the departure from resonance,
while for coupled circuits it is roughly as the square of departure from
resonance. This suggests that possibly simple relationships may exist
between single- and coupled -circuit shapes at least in the simpler
approximate solutions. Three relations known to exist will be described
in brief.

A. CASCADING OF Two STAGGERED SINGLE CIRCUITS*

By the cascading of circuits we mean causing the output voltage
of one circuit to determine a proportional input to second circuit
without any reaction of the second circuit upon the first. Thus in
cascading two curves one obtains the final overall transmission curve
shape by multiplication of the individual curve shapes. By staggering
is meant that one curve is centered upon one frequency and the other is
centered on a slightly different frequency. The amount of staggering is
described by the relative difference of the two frequencies F1 and F2
about which the original curves are symmetrical, and is given numeri-
cally by a= (P2 - PI)/Fo, in which To is the mean value.

* Sec also Hazeltine, Pnoc. 14, 395; June, 1920.
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It is physically evident that with the original curves identical,
and with zero staggering, cascading must give the same type of trans-
mission curve as coupled circuits with very weak coupling.

If, however, we set up a single -circuit curve of decrement coefficient
centered at Fo= (1+a/2) and a similar curve centered at Fo(1 - a/2)
each with unity maximum amplitude, then the product curve upon
cascading is centered at Fo, and in terms of (3 is

T= \/I + 2(72
a2)32 (n2 a2)2

n2

(19)

By reference to (7), the quantities under the radical sign are equal
in (19) and (7) provided ni=n2=n and T = a. Wherefore, as regards
shape of transmission curves, two staggered single -circuit curves of the
same shape cascade into a coupled -circuit transmission curve with a
numerical correspondence between T, the coefficient of coupling be-
tween equal circuits in the coupled -circuit case, and a the relative
separation of the staggered circuits in the cascaded case. However
by making a small to produce greater selectivity, the amount of trans-
mission is improved in the cascaded case, but by making r small the
amount of transmission is diminished for the coupled -circuit case.

B. VECTOR DIFFERENCE OF TWO STAGGERED SINGLE CIRCUITS

Instead of taking the product of two single -circuit transmission
curves of like shape but staggered, we may take the vector difference
and obtain a coupled -circuit type curve. This may be done experimen-
tally by an arrangement as in Fig. 4. Here circuits I and II of equal

Fig. 4-Selectivity by vector difference.

constants,  except slightly staggered as to resonance frequency and
without coupling, are driven by equal couplings from power sources
across terminals 1 and 2 supplying a current i which is assumed in-
versely as the frequency to maintain the voltage induced into the
tuned systems constant independent of the reactions they may produce
upon the power source. The two couplings from the power source are
in an opposite sense whereby the voltage across the terminals 3 and 4
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on open circuit is the vector difference of the voltages across the two
condensers that would exist if the two were similarly driven. If
circuits I and II are of the same frequency, it is obvious there will be
no transmission, similar to the case of coupled circuits of extremely
weak coupling; if however the circuits are of sufficiently different
frequencies two -humped transmission results with high efficiency on
each peak.

By taking the vector difference of two single -circuit curves of the
same decrement coefficients but staggered in frequency by an amount a
with unity maximum value for each curve, the overall transmission for

a system of Fig. 3 numerically in terms of [3 becomes

T=
2an

,20)
+ 2072 - a2v2 + (n2 + a2)2

By comparison with the coupled -circuit shape (7) it is seen that
(20) transmission curves correspond very closely to curves of

coupled -circuit systems with a replacing r in the numerator of the
equation as well as where it occurs in the denominator.

For illustrating the two methods of obtaining coupled -circuit trans-
mission curve shapes from single -circuit curve shapes, there are plotted
in Fig. 5, a, b, and c three sets of curves based upon a single -circuit

1000 kc 1000 kc

Fig. 5-Production of coupled -circuit transmission. .

a. Staggered cascade b. Original circuit,
c. Vector difference (Coupled circuit)

curve of unity peak transmission of decrement coefficient 0.005 at
1000 kc. The single -circuit curve shape is shown by itself in Fig. 5b:
A nest of three coupled -circuit type curves produced by the cascading
method is shown in Fig. 5a, corresponding to separations of 3000,
5000 and 7000 cycles, respectively, of the single circuits from which they
are derived, with a = 0.003, 0.005, and 0.007.  These Curves are com-
putable from (19). The nest of curves of Fig. 5c is  for the same
conditions with the combining by the vector -difference method, and
computable from (20). Critical shape is illustrated by the curves for
5000 -cycle separation, sharper than critical by 3000, and broader than
critical by7000-cycle separation curves. The set of curves a for cascad-
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ing arrangement shows clearly that increase of coupling or of staggering
up to limits makes for a transmission curve approaching that of an
ideal band-pass filter. The set of curves c for vector -difference method
indicates what happens in actual coupled -circuit conditions when the
coupling coefficient is varied only. Considering the center of the trans-
mission band, the transmission is a maximum for r = a =n. Since in
these curves ni = 772, the condition for critical shape coupling T=
\/ni2+n22/2 becomes identical with the well-known critical coupling
relation r =1/nIn2 referring to the condition of maximum transmission

a
3o
40

000 000

b

1
20
30
4 0

490

C d

Fig. 6-Coupled circuits based on single circuits.

for Fo at the center of the band as # is varied. For values of r >n, with
two -peak transmission the amount of peak transmission is precisely
the same as for the central frequency Fo on critical coupling, and
according to the simplified formulas, this is true, independent of how
great r may be. That is, the value T.. for each of the two humps is
the same as for T.x for critical coupling, and for the basic coupled-
circuit arrangement, transmission on each of two humps may be as
efficient as transmission on a single hump.

C. COUPLED CIRCUITS WITH PRIMARY AND SECONDARY EXCITATION
A most interesting case of coupled -circuit selectivity produced by a

vector difference of two single circuits is the case of a coupled circuit
itself. This paradoxical statement is explained with reference to
Figs. 6a to 6d.

In Fig. 6a are two equal L-C-1? systems P and S with mutual induc-
tance between them, all elements being connected in series by connec-



Pwrington : and. Coupled -Circuit Systems 997

tors a to b and c to d such that the inductive effects are additive,
with lumped inductance 2(L -F ilf), and capacity C. The individual
inductances are excited from a power source connected to terminals 1
and 2 by means of coils m and n additive in their effects. It is evident
that this series arrangement is tuned as a whole to a frequency
Fo/V17-Fr in which Fo is the frequency corresponding to L, C, and R,
and r is the coupling coefficient. Points a, b, c, and d are by symmetry
equipotential for all currents of all frequencies in the tuned system.
Each half of the circuit is excited by the same applied voltage from
ni and n respectively, and each half further has the same impedance
for every frequency. Therefore no change in circuit currents will occur
when the four linkage points are connected together. This produces
from a single -circuit system a coupled circuit with primary and
secondary excitation in such a manner as to excite them most effec-
tively with single -circuit selectivity on frequency Fo/

Similarly in Fig. 6b are the same two circuits with connections
a to d and b to c with currents instantaneously opposing in direction
in the circuit inductances, so that they may be correctly excited
by couplings p and q from a circuit 3-4, coupling q being in a reverse
sense to p. The frequency to which the system is responsive with single -

circuit selectivity in this case is F0/1\7-T. It is further evident in this
figure also that no change in currents for any frequency will occur
when the linkage points are connected together. This makes a coupled
circuit with primary and secondary excitation capable of being excited

.1 with single circuit selectivity with peak efficiency for frequency
0/N/17 -7-r.

Further it is evident that with both power sources 1-2 and 3-4
coupled to Fig. 6a circuits, or 6b circuits, currents in the tuned system
due to power source 1-2 will not react on the power source 3-4 and
vice versa, whether connected as single- or coupled -circuit systems.
Such a combination with linkage points joined and grounded is shown
in Fig. 6c. This is termed a "flux filter" since directions of flux in pri-
mary and secondary circuits are utilized to permit power sources
connected to 1-2 and 3-4 respectively to deliver power to each of the
tuned circuits with no reaction of one source upon the other. This
arrangement is described in patent to Dr. E. L. Chaffee, U. S. No.
1,601,109 in its applications to duplex transmission on a single antenna.

' In this application of the principle, an antenna and loading coil
replaces one of the L -C -R circuits. This arrangement has been subjected
to laboratory tests with even overlapping radiations without reactions.
It is evident that circuits connected to 1-2 and 3-4 may contain tuned
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circuits so that the principle may be utilized with coupled circuit or
higher degrees of selectivity on each channel with appropriate design on
each channel to he transmitted. It may find a very useful application
in the future for example in simultaneous sound and picture broadcast
on adjacent channels without transmitter reactions.

It has been shown that if terminals 1-2 are driven at any frequency
f, the currents in P and S are precisely the same when all points are
tied together, as when a is connected to b and c to d. Further if
terminals 3-4 are driven at the same frequency f the currents in P and
S are precisely the same when the points are tied together as when a is
connected to d, and b to c. If now we join 2 to 3 and impress but one
power source across 1 to 4, the windings m and n will produce primary
and secondary currents corresponding to the low -frequency resonance
curve with like direction of flow of primary and secondary currents.
Further windings p and q will produce currents corresponding to the
high -frequency resonance curve with opposite direction of flow in
the two closed circuits. The total primary current will be found by
vector addition of the two individual primary currents, and the total
secondary current by a vector subtraction. But actually the current
from the driving source traverses all four windings, with it and q
producing exactly opposite effects. Wherefore the net coupling in
reality is to the primary circuit only as shown in Fig. 6d, corresponding
to the circuit of Fig. 2a. Wherefore the coupled circuit system itself
is a case of staggered single -circuit selectivity, with primary -current
conditions determined by a vector summation of two single -circuit
currents, and secondary currents determined by a vector difference.

A laboratory arrangement of circuits as in Fig. 6, with suitable
links for making various connections and with primary and secondary
meters has been used in experimental checks of the theory of the
"flux filter" here presented, and it is believed such experiments would
be of considerable value in showing the essential relationships of single
and coupled circuits.

IV. Transfer Equations for Simplification of Problems
In single- and coupled -circuit tube systems, in practice, the driving

voltages are not in a series arrangement with the circuit elements.
This is because the driving circuits are incorporated in an impedance
which is high compared with the reactance or series resistance it is
feasible to use in the tuned circuits. As a result transformer action is
required to adapt the circuits to the tube. The purpose of transfer
equations is to determine what mathematical substitute may be
used in a series arrangement to produce the same result as the actual
tube connection.

is

iL

fi

t!



Purington: Single- and Coupled -Circuit Systems 999

For amplification study in the region of linear operation a vacuum
tube is represented mathematically as a resistor of value Ro which

, includes an alternating -voltage source µeg. Here Ro is the internal
plate impedance of the tube, µ is the amplification constant and eg is
the voltage impressed upon the grid circuit. This is a mathematical
abbreviation only, giving the correct result for circuits external
to the tube, but of no physical use in explaining the tube operation,
for example, as to heating of the tube anode during operation deliver-
ing power. When an external circuit of impedance Z is imposed upon
the tube, this determines the ratio of alternating voltage across
plate to filament of the tube to the alternating current drawn from the
plate and returned to the filament of the tube. That is Z = ediz.
The mathematical abbreviation gives the correct value for alternating
voltage from plate to filament and therefore across the external load
as different currents are drawn by the load, in accordance with the
equation ez =tie° - Roiz. This may be considered the voltage -regulation
curve of the device as a generator, in the same manner as voltage-
regulation curves are required for other generators for determining
the actual performance with loading. For a given e0, maximum value
of eziz, the power output of the tube to the external circuit occurs when

1' the current drawn reduces the plate to filament voltage to half the
no-load value, and this occurs with the external impedance a resistance
of value equal to the mathematical internal impedance of the tube.
In power transmitters for which the linear region of operation is greatly
exceeded the regulation curve of the tube as a generator is no longer
linear and the determination of effect of an external load is much more
complex.

The most important cases of circuit connections for vacuum tube
amplifiers are shown in Fig. 7, with Ro representing the internal
impedance and e representing the fictitious voltage µea inserted into
the plate circuit. For other networks these diagrams are also useful
as in any generating device in which the voltage source is inextricably
associated with an internal impedance that is a resistance. In the
first diagram Fig. 7a1 the coupling is direct capacitive by condenser Xc,
with Z1 an impedance of any nature which need not be specified.
It is desired to know what fictitious voltage e' and what fictitious im-
pedance Z1, both in a series arrangement with Xc and Z1, will produce
the same identical current i through Z1 of Fig. 7a2 as the real voltage
source e would produce through Zi of Fig. 7a1. For 7b1 and 2 the feed
is by magnetic coupling with primary reactance 'Xp, and mutual
reactance X, between X and the entire closed circuit. For Fig. 7c
the transfer is by direct magnetic coupling with the coupling induc-
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Lance X1 itself coupled in general by mutual reactance X , with the
remainder of the circuit. In these cases also it is desired to know values
e' and Z' which would replace as series voltage and impedance the

1

a

b

C

Fig. 7-Transfer equations.

actual voltage e and impedance Ro in their effects upon Z1. Neglecting
resistance of the coupling devices, the results of computations are as
in Table II.

TABLE II
TRANSFER EQUATIONS GENERAL

Fig. Coupling Z'

Xc=
7R Direct capacitive

Ro-iXe

iXrn

Ro

Xm2
7b Inductive magnetic

C
Ro±jXp 1?0-1-iXr

Direct magnetic +Xm) (X1+X.)2

eRo -Eat Re -FiX

In case other voltages exist in the network due to power sources
other than e, these equations may be used to compute the portion
of current at any point due to e only, and a separate computation for
the other voltage source may be made, assuming of course such other
currents do not interfere with the proper functioning due to overloading
of the devices represented by e and Ro. In particular the transfer
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equations are applicable with e= zero to determine effects when a
power -consuming resistance loads a closed circuit with other than a

. series arrangement.

A. APPROXIMATIONS FOR SELECTIVE SYSTEMS

For approximate work with sharply selective circuits Ro in prac-
tice is large compared with X X, and X1 in the three cases, with
the result that Z' is nearly a resistance, but with slightly inductive phase
defect for capacitive coupling, and slightly capacitive phase defect
for the two magnetic couplings. Let the lumped reactance of a tuned
system driven by any of the methods shown be X. We may then con-
veniently record approximate numerical values for: voltage transfer
ratio e' / e, equivalent series resistance R', decrement. coefficient n'
(Inc to the resistance Ro, and change of resonant frequency Af/Po due to
the reactive component of Z', as follows:

TA B LE 111
A pimox ixt.trioNs von Sgt.gcri S VriTE NI

Fig.

7a

7l)

ic

Coupling c'ic R' )7' APP.

Direct
capacitive

Inductive
magnetic

Direct
magnetic

X,--
R.

-,n-
R.

X 1 + X.,o

X,2-
R.

XII.'--
R.

(X. + X.02

X r.2--
R.X

X m 2--
R.N.

(X i -FX,02

1 X r3- - ---
2 Re2X

1 Xm %Yr
+

2 Ro2X

1 (X,,, +X 1)2X i

R. R. RoV
+- -

2 ROA'

By means of these transfer equations, tuned -circuit problems arc
readily simplified with a sufficient degree of accuracy, and coupled -
circuit problems which rigorously would involve as many as six
branch networks may he reduced to problems with but two currents to
he considered.

V. Single -Circuit Tube -Circuit Design

Three important cases of tube -circuit design arise. In the first
case, tuned circuits are used to receive power from the plate circuit of
an amplifying tube and deliver voltage selectively to the grid circuit
of the next amplifying tube, with practically all the power received by
the tuned system expended in circuit losses. In the second, the circuits
transfer power selectively from a power source associated with an inter-
nal impedance to another power -consuming device. In the third
case as in power tubes for transmission with tuned output, there is not
a linear relationship between output voltage of the generating source
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and the current drawn from it. These three cases will be discussed
in turn, first for single circuits for which the computations and state-
ment of the problem are fairly simple.

A. VOLTAGE AMPLIFICATION (SINGLE CIRCUIT)

The case of voltage amplification with the load not power consum-
ing is illustrated with reference to a magnetically -coupled transfer
from tube to tuned circuit shown in Fig. Sa and Sb, commonly used in
amplifier circuits. Interest centers in the ratio c/cg of the voltage
across the condenser divided by the impressed grid voltage, and the
solution is readily reached by use of the reduced diagram Fig. 8b,

R,

xi, x

g

a Basic

b Reduced

I

Fig. S-Voltage amplification.

with ' and 71 representative of the voltage /leg and internal impedance
of the tube. as tabulated in Table III. As shown in I the con-

vuilage of Fig. Sb is the impressed voltage c' divided by the sum
of the two decrement coefficients 77, due to coil -condenser losses, and
77' due to the presence of the tube impedance. By using the transfer
equations. we find for the amplification of the stage

Bo
.1

71. .
11.\

If not particular as to the shape of the transmission curve, maxi-
mum amplification by increasing X,,, results when the decrement due
to the tube is made to equal the coil -condenser decrement, giving

(21)

-In  = -

X
(22)

2\ Ie., ?le
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X, = e R oX (23)

For voltage amplification we are limited in the amount of gain
?er stage by the ratio Xhic which it is feasible to use for the coil-

3ondenser system, and in some cases by the feasible amount of coupling.
Also, if the coefficient of coupling between the coil X,, and X is too
weak, the value of X,, required for maximum amplification may
be so great as to be not negligible in comparison with no, requiring
Might, change of the condenser to give maximum amplification at the
desired frequency.

The condition for maximum amplification with a given coil -

condenser system, that, the coupling from tube to circuit; doubles the
effective breadth of resonance, is entirely equivalent, to making the load
impedance upon the tube equal to its internal impedance. Under these.
conditions the alternating voltage from plate to filament is half the
value for no-load with very high external impedance. This is for the cen-
tral frequency only. At off -resonance frequencies the impedance is
less than the tube impedance, the plate current becomes correspond-
ingly greater. The broadening of resonance therefore is explained by
.the greater voltage impressed from primary to secondary for off -res-

onant frequencies.
If it is not. desire,d to accept a breadth of resonance equal to

double that of the circuit itself, then maximum amplification cannot
be attained. If on the other hand a greater breadth of resonance is

desired, then preferably from the standpoint, of maximum amplifica-
tion under the specified shape conditions the additional decrement.
should come from increased coupling to the tube rather than from
resistance purposely inserted in the coil -condenser system.

B. SELECTIVE POWER TRANSFER

In many applications the output is not of the voltage type with
power consumed in the coil -condenser system only, but rather the
useful output is consumed in a load coupled to the tuned system. Such
a case is illustrated in Fig. 9a and 9b, with R, the useful load resistance
shunting the condenser of the tuned system. In this case the tuned
system is interposed as a selective circuit which also may act as a
transformer to adapt the load to the tube.' If this circuit acts as an
ideal transformer without losses the voltage output across R1 cannot
possibly exceed the value pegiVR.i/R0/2 for which condition the
maximum possible power capable of being delivered external to the
tube goes to the resistance R,.
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For determining the proper choice of circuit. constants for a. given
R0, R1 and µ, the circuit is reduced to the basic arrangement of 9b by
use of the transfer equations of Table III. The condenser voltage
for this figure is e'.-"nr-F-77,-1-n, in which n, is the coil -condenser decre-

a Basic

6 Reduced

x
11c pit

Fig. 9-Powt..r transfer.

went coefficient. lb is that due to the tube and n , is that. due to the load.
By using the transfer equations noting that the voltage in the resistor
/1'; is zero. the voltage amplification is

R
04)

f (11(.11 we specify that the total breadth of resonance corresponds
to a certain amount of decrement coefficient 77, and further make the
reasonable assumption that the coil -condenser decrement may be
maintained 77. independent of what X shall ultimately be, then it turns
out that maximum amplification results when the tube and load
decrements are equal. and therefore 71, = ni= (r)-ncy2. Whence the
values of tube cimpling and of circuit reactance are both uniquely deter-
mined. giving

- (" C ne)
RoR;.1

The amplification tinder these conditions is

v k, 7) - 77.
-1

1 B.,

(25)

(26)
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whereby the gain ratio at resonance is cut down by a factor (77 -77,.)/71

from that which would result from using a circuit of no losses.
It will be noted that the load impedance upon the tube for maxi-

mum voltage to the resistance R, is not equal to the internal impedance
of the tube. Of course if the circuit X, nc and RI is specified, and no
regard need be given to overall decrement, maximum amplification
would occur when the tube coupling is adjusted to make tube imped-
ance and load impedance equal. But with the curve shape restriction,
best design calls for dividing the difference between coil -condenser
decrement and shape decrement equally between the tube and the
ultimate load irrespective of what the impedance relation may be.

C. TUNED POWER TRANSMISSION

When a vacuum tube operates into a selective system with the
region of linear operation greatly exceeded, the representation of the
tube as a generator source can no longer be in terms of an amplification
constant and an internal impedance. With a given bias, and a given
alternating voltage impressed upon the grid circuit, and an output im-
pedance which is small for harmonic frequencies, compared with the
fundamental, as in usual power -transmitter circuits, the distortion is
chiefly in the current wave from tube to load rather than in the voltage -
wave form from plate to filament across the load. The load impedance
for the fundamental frequency determines the ratio of plate -filament
alternating voltage to fundamental load current. Lowering the load
impedance to draw more plate current causes a lowering of terminal
voltage, hut the regulation of the tube as a generator for different load
impedances and power factors cannot be expressed in terms of a voltage
drop due to a non -varying internal resistance, and for accurate work
resort must be made to curves for solutions of problems. Such com-
plications are beyond the scope of the present article.

In transmitter -tube circuits much greater attention must be paid
to obtaining the proper load impedance and power factor than in
receiver circuits. In linear operation of tubes requirements of shape of
transmission curves, especially with a power -consuming loading, may
cause considerable mismatch between tube internal impedance and
load impedance, but in transmitter circuits, especially operating at
high efficiency and maximum output consistent with a power loss rating
of the tube structure, considerable care must be exercised to make the
load impedance correct. For example, a hypothetical tube may operate
at recommended values 2000 v, 5 amperes, plate supply, with 7.5 -kw
plate output, and therefore 2.5 -kw plate dissipation. Tube character-
istics may be such as to make this possible with 1250 v a -c from plate to



VI. Coupled -Circuit Tube -Circuit Design

In coupled -circuit tube systems for receiver amplifiers, stress is
usually upon transmission-curve shapes rather than amount of amplifi-
cation. In the earlier uses of coupled circuits before cascaded ampli-
fication with tuned systems, and even before vacuum tubes themselves
were available, the purpose was attaining selectivity over that possible
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filament, and 6 amperes plate fundamental current to the load, re-
quiring a load impedance of 208 ohms. If the impedance due to the load
differs from this value by fifty per cent, or if the power factor of the
load is less than 0.50 for example, gild -circuit adjustments would be
required to prevent excessive heating, with an extremely great falling
off in output power compared with the loss under similar conditions
in receiver tubes in the linear region.

Wherefore for study of tuned systems in connection with power
transmitters, first center interest upon the power factor and impedance
of the load rather than upon transmission curve shape. Moreover, if
transmission curve shapes are obtained by varying the frequency of
impressed grid voltage, without change of bias or numerical amount of
voltage or plate -circuit conditions, with due regard to avoiding over-
heating, the resulting curves are inaccurate for determining the perform-
ance of the tube with composite wave form such as a carrier wave and
two side bands. The effect of the presence of the tube is to broaden the
transmission curve, because of the falling nature of the regulation
characteristics, but it is beyond the scope of the present article to
discuss these effects in detail.

The tuned systems in use at present are usually of the coupled -
circuit type, and will be discussed later. But for completeness it is
desirable to record the impedance load values due to single circuits
with couplings of the three types of Fig. 7, in which the impedance Z1
in connection with the coupling device makes a tuned circuit of decre-
ment coefficient it with circuit lumped reactance at resonance X. For the
three types of coupling the impedance values at resonance are meas-
ured by the ratio of voltage across X X,,, and X1 respectively to the
current from source e through Ro. The values are

direct capacitive

X,'
xn

inductive magnetic direct magnetic

X,,,2 (Xi -I- X1)2

xri

In the important case (Fig. 7a) in which Z1 is an inductance, of decrement ;j4

coefficient n, then Xc=X, and the impedance is simply X'/n. pai

svi.
tk
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. vith single -circuit tuning, and conditions were such that attention
vas concentrated upon transmission forms corresponding to critical

less than critical coupling. In the present-day applications, how-
.ver, attention is chiefly directed rather to the two -humped side of

altical coupling. The requirements are two -fold, that the system
ass fairly well all frequencies within a desired range, and that it will
lot pass well frequencies outside the desired range. To satisfy both
:onditions, a double -humped curve is unquestionably superior to a
tingle -humped curve of single- or of coupled -circuit selectivity.

The shape of double -humped curves has been specified already by
1, breadth relation b with reference to the relative difference of fre-
luencies for peak transmission and a height relation h with reference
,o the peak transmission relative to that at the center of the curve.
For band-pass design, we have further to consider B the relative differ -
;nee of the highest and lowest frequencies desired to be passed.

Let a further ratio be k the transmission at the center of the band
!dative to the transmission at the extremes of the band for f3=B.
Then numerically we have the following relation

b=

1

B

k2h2 -T
h2 - 1

For specification of a band-pass filter, there is little chance for
disagreement as to numerical value of B. For example if a transmission

'band 10 kc wide at 1000-kc mean value, then B =0.01; however many
opinions might arise as to what values of k and h should be chosen.
,If k = h, the transmission varies by a factor not greater than h from
the value at the center of the band. The greater the value of k=
h, the less uniform will the transmission be over the desired range, but
the greater will be the exclusion of the undesired frequencies. If
uniformity in the center of the band is more important than uniformity
at the edges, h will be not much greater than unity, but k may be con-
siderably greater than unity. Further consideration of course must be
paid to characteristics of any other selective devices of the amplifier
system, as a choice of k and h for one stage alone would be different
than if single or coupled circuits are cascaded with the coupled circuit
under consideration.

On a mathematical basis, k and h might be determined numerically
by a method of least squares, such that the corresponding transmission
curve has the least possible average of the squares of the departures
from the perfect shape for band filtering. However, such a numerical

(27)
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determination would presumably not serve as a standardization of
coupled -circuit band-pass filter shape because of the many non -mathe-
matical factors involved.

As a concrete example, consider the circuit arrangement of Fig. 10,
which is desired to give a transmission shape h =1.1,1: =1.3 to represent
a band filter of 10-kc breadth at. 200-kc mean frequency, that. is,
for B =0.05.

Fig. 10-Amplifier circuit, linear operation.

Let Ro =10,000, and µ=S for the tube, and C2 = 0.0005, n_=0.01
for the secondary circuit. Let it be assumed that whatever value is
required for primary reactance, we will make ni =0.01 for the coil-
eon(lenser system.

Having specified completely the CIII'Ve shape by choice of B, h and
I:, it is desired to determine

what choice shall be made for primary -circuit constants?
what will he the amount of amplification?
what must he the value of ?

how much will the primary -circuit tuning frequency be off from the
value determined by I, and values?

what would the amplification be for single -circuit selectivity with
maximum -power transfer to a circuit of the characteristics of the
secondary chosen?

For computation purpuse thP circuit reduces to Fig. 2a, in which

The e( I1)utatiol1

=
II

11,

P.,

proceeds along the following lines.
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'FABLE IV
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(1) 0.0278

From (4), (5), (7), (8), and (9) of above table we find the primary
condenser should be 0.003 pf, and indlictance 208 ; the coefficient.

of coupling 0.0385; the amplification at center of the band 12; the

error of primary circuit. tuning approximately 0.035 per cent; and the
maximum amplification with single -circuit, selectivity is 16. Whence
the amplification at. the center of the band is 75 per cent. of what it
could have been with single -circuit. design disregarding selectivity and
breadth of resonance.

For producing a band-pass filter of given shape and numerical
width adjustable by a control for a wide range of central frequencies,
as in broadcast receivers, many factors are involved. The value of B

and therefore b for a specified shape must be smaller for the higher -
central frequencies than for the lower -central frequencies. This means
that the sum of the circuit and tube decrements must be inversely
as the frequency, and even if circuit decrements at high frequencies
could be maintained the same as at low frequencies, the tube decrement.
must necessarily be made to fall off at. the higher frequencies, resulting
in very much less amplification as the price to be paid for constant
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band width. Not only must the coupling from tube to primary be
changed in accordance with the frequency in a correct manner, but
also the coupling from primary to secondary must be changed in
order to maintain overall transmission shape constant.

For the staggered -cascade amplification method, the staggering
must be relatively less for the higher -frequency settings than the low,
but it should prove more economical to provide for such staggering
than to provide both for equalizing primary and secondary frequencies
and for varying the coupling between them in a correct manner. In
addition to staggering, the equivalent decrement. coefficient. of tube and
circuit must be made less for the higher frequencies than for the lower,
whereby an arrangement for changing the coupling from tube to circuit
must be made in the staggered case as well as in the coupled circuit
case.

It would appear then that coupled -circuit methods of maintaining
uniform band width require, (1) equality of primary and secondary
tunings over the range, (2) weakening of coupling from primary to
secondary as the frequency is increased, (3) weakening of coupling
from tube to circuits as the frequency is increased. On the other hand,
maintaining uniform band width by the staggered -cascade method
requires, (1) correct staggering over the range, for example, by con-
denser -plate shapes or other adjustments, (2) weakening of the cou-
pling from tube to circuit at the higher frequencies.

In commercial designs for the broadcast band, the desire for uni-
form band width which must be in accordance with these requirements,
must be tempered by consideration of other desires, including maxi-
mum sensitivity irrespective of band width or transmission-curve
shape, simplicity of construction, and permanence of adjustment.

Presumably a given accuracy of approach to band-pass selectivity
over a wide range of frequencies is more easily worked out by use of
staggered circuits than by coupled circuits, and coupled -circuit systems
are justifiable over the cascade -staggering method only on the basis
of added selectivity in the early stages of amplification, and on the
basis that, more tuned circuits are desired than corresponding ampli-
fying tubes.

B. SELECTIVE POWER TRANSFER

In sonic instances the coupled -circuit system is desired to transmit
power selectivity from a voltage source in series with a resistance to
another resistance. The resistance including the voltage source is
associated with the primary circuit and the load resistance with the sec-
ondary. If the voltage -source resistance is Ro and the load resistance

is
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i Ri then the maximum voltage across /6 cannot possibly exceed the

'blue c VROW2 in which c is the voltage source value. The design

roblem is to secure the proper transmission -curve shape as may be

ftecified by a choice of B, 11, and k as in the previous section, and at

.Le same time arrange for maximum transmission. Once a choice

shape is made, the sum of the total decrement coefficients of primary

id secondary circuits is uniquely determined. For voltage amplifica-

on the difference between the decrement available in coil -condenser

.sses and that required for the given shape specifications is made up

y choice of primary circuit to give the proper tube decrement.

For power transfer purposes the proper distribution of decrements

in general quite complex, but for the important special case of

qual decrement coefficients of primary and secondary coil -condenser

ystems, the balance of the required decrements should be equally

istributed between decrement to the primary due to the source resis-

ince and that to the secondary due to the load resistance. In general,

he ratio of output to input voltage is given for both peaks by

1 /RI 4/7 77 1 - nely77 - 77,2 1 /RI
e 2 V Ro 1/ ni A 02 2 1/ Rol

nt 711- x- (28)
711 712

vith rte and ni representing the contributions of source and load de-

Tements to the total decrements , and 02 of primary and secondary

circuits respectively. If therefore we let ni=n2=n representative of

the curve shape, and 71ci=0c2=71, representative of the coil-condenser

lecrements, we have for the important symmetrical case which gives

maximum possible transmission

!! 1 Ifift(77 - ne)
c "if Ro\

(29)

Wherefore as in the single -circuit case for power transfer, the
maximum possible voltage output value -WRI/R0 is to be multiplied
by the factor (n-nc)/n to take account of the coil-condenser losses.

The decrements due to source and load must be high compared with
coil -condenser decrements if high efficiency of power transfer is desired.
The manner of coupling to give the desired source and load decrements
may be chosen to suit individual cases. If the resistance values Ro
and RI are small naturally they will be inserted in circuits with a
series relationship, but if high, couplings involving transformer action
will be required for the computation of which the transfer equations of
Table III will he found useful.
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C. TUNED POWER TRANSMISSION

As described under the discussion of tuned single -circuit power
transmitters with linear region of operation greatly exceeded, it is
of primary importance in design that the load impedance on the tube
be of proper value to a considerable accuracy if good performance is to
be attained. Most of the modern tube transmitters use coupled -

circuit output with the primary a tank circuit coupled to the trans-
mitter tube and the secondary including the antenna syStem. The
secondary circuit usually is of considerably greater decrement coeffi-
cient than the primary and with good design a large portion of the
power from the tube is transferred to the secondary. The well-known
advantages of tank circuit transmitters are elimination of harmonic
frequencies through superior selectivity, certainty of operation with
different antenna constants, and flexibilityof impedance matching.

The computation of impedance load upon a voltage source due to
coupled circuits is not especially difficult for the case of primary and
secondary circuits tuned separately to the same frequency. Referring
back to the basic system of Fig. 2a the impedance load upon source e
is in general readily proved to be

1[7102+ T2 - (1 ---)1+
7.21

[(771 741 - -71)1

Z -=
11

772 + j (1 - (30)

The impedance Z is a resistance for the value r =1, which causes
the value of Z to become for the central frequency

T2

Zo = X, (ni
772

(31)

Also the impedance Z is a resistance for any value of r which
makes the phase angle of the numerator equal to that of the denomina-
tor of the general expression for Z, that is:

no72 + 7.2 - - 4)2
r2

giving
772

1

r2

- (771 + 772)

(33)
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Therefore not only is the impedance a resistance for r= 1, at the
requency at which both primary and secondary circuits are tuned,
.ut also for frequencies above and below with relative difference given

y

iXfr
= A VT-

Fo
2- (34)

'he three frequencies for resistance impedance are designated re_..,F0,

.nd F+.
It is interesting to note three critical or borderline relations among

he decrement coefficients and the coupling coefficient. First is the
vell7known critical -coupling relation T = 7\[77.12 referring to the con-

litions of maximum power transfer from primary to secondary for

requency Fo, the second is the critical shape relation T =\/(74+4/2
eferring to the borderline condition for appearance or disappearance
if two -hump transmission curve, the third is the critical triple-resis-
:ance relation T =7/2 referring to the borderline condition determining
vhether the impedance is a resistance for one frequency or for three.
For the third, it is evident that the coupling relation cannot depend
aeon the value of the primary decrement coefficients because once
onditions are such that a resistance impedance exists for any fre-

luency, then changing by addition of resistance can merely add to
The impedance value without introducing phase defect. Wherefore
3onditions may be such that the impedance is a resistance for three
'requencies if the voltage is impressed in one tuned circuit, while it is a
!psistance for hut one frequency if impressed in the other circuit.

The frequencies for resistance impedance other than Fo coincide
with the frequencies for maximum transmission only if ni= 772, but

they coincide approximately if the coupling coefficient is large com-
pared with the decrement coefficients, with sharply -peaked transmis-
3ion curves. The numerical values of impedance for the three fre-
quencies for resistance impedance are approximately

frequency resistance

X1(771 + ,72)

Fo + 7-2/772)

I".,. X1(77 1 + 772).

In connection With tube circuits the impedance load upon the tube
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is a resistance for practically the same frequencies as if the voltage
were impressed into the primary in a series arrangement. Referring
to Fig. 7, replacing Z1 of the figure by an inductance to which a second-

ary circuit is coupled, then the impedance load resistance values given
by the ratio of voltage across the coupling device to the current through
power source e is given by

TABLE V

RESISTANCE LOAD VALVES

Frequency

Fo

Capacity coupling Inductive magnetic Inductive mag

X, Xm XI +Xm

no +n:

X,

nt+n: ni-l-n:

Xi -1-Xm

nt +711n:

X,
nt +72/n:

Xtn

nt +TT/n:

Xl+Xm

nt+n: n 1 +n: n 1 +n:

netic

'51

These values are of the same general nature for the three types of
coupling, and illustration by capacity coupling will serve to show the
general properties.

Overall efficiency of operation requires that the impedance load
upon the tube be a suitable value so that it. may deliver power well to
its load, and further that the decrement referred to the primary
clue to the presence of the secondary shall be large compared with the .12
primary decrement by itself. With transmission at. Fo there is consider- l:,

able leeway in adjusting the circuit to optimum value for tube opera-
tion through variation in primary- to secondary -coupling coefficient.
For efficient operation it. is necessary to make Xe/n1 several times the
desired ultimate impedance, and then to bring about. the desired load- L.
ing by coupling the secondary with sufficient. closeness to bring about
the proper impedance condition. But if transmission at F- or F+ is
desired no flexibility exists, and if it. is desired to use the two -humped
properties to permit. transmission in an efficient manner on either of
two frequencies without. change .of tube output. circuit. values, then .

considerable care must be exercised in the choice of circuit constants, Ir.It
and in designing the primary circuit to be of low decrement coefficient.

The tank -circuit efficiency is measured by the ratio of power de-
livered to the secondary divided by the power received from the tube,
and is numerically measured by the decrement on the primary due to
the secondary divided by the same increased by the true primary-

decrement coefficient. For the two cases we have
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frequency circuit efficiency

Po
T2

2 ±

712

771 +772

For a given n1 and n2, the circuit efficiency for Fo always exceeds
iat for F+, since when the latter frequencies exist r>772, which in
se above equations.makes T2 /(T2+711'72)±nin2) >n2/(71+02). For the threshold
alue T =272 with equal efficiency on all three frequencies because they
re extremely close together, the numerical efficiency may be con-
derably greater than fifty per cent, since 272 > 271 usually. For highest
fficiency however the circuits will be adjusted to have resistance

Fig. 11-Tank transmitter, non-linear operation.

:npedance for three frequencies, but the impedance value will be
lade correct and the circuit operated on the central frequency. For
he side values F+ and F-, the impedance value is higher. It is to
.e remembered that the impedance being a resistance for three fre-
uency values does not mean that the transmission will be double -
leaked, because of the unknown broadening of resonance due to the
ube-regulation characteristics.

As a numerical example, consider a tank -circuit transmitter as
hown in Fig. 11, for a central frequency 1,000-kc, secondary decrement
°efficient 0.04, primary tank -circuit decrement coefficient 0.01, with
ank condenser and coupling from primary to secondary to be chosen
o give impedance value 800 ohms for F0 and 1,000 ohms for F+.
Ve find readily

Af
T = 0.0458; Xi = 50 ohms; -17- = 0.0224; C1 = 0.00318g

Li = 12.3 µ11; -F_= 22,400 cycles.

Circuit efficiency at F0=84 per cent.
Circuit efficiency at F±=80 per cent.
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The impedance and power factor computed in detail for the above
example are shown in Fig. 12, and this shows how the circuits would
react upon a tube over a range of applied grid voltages. The remainder
of the computation of how the entire system would behave over a

C. IL'

2 500

AM.

Ai
. Amokv

-5,

.(c".

55 0 Rc 1000 hC 1050 kC

12 --Impedance and power-I:wow loading by coupled circuit.

frequency range would involve knowing the tube regulation character-
istics as 01 plate-tilametit voltages for all impedances and power -
factor 0.010)in:16i-ins plecnted by the tank circuit, and a computation
of secondary currents from the frequency and voltage values across
the primary conikuser. such a eotoptItatioh. however, has already been
stated to be bey.w.1 the scope of the present article, which deals funda-
mentally %yid1 the properties of coupled circuits only.
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THE ESTABLISHMENT OF THE JAPANESE RADIO -
FREQUENCY STANDARD*

BY
Y. NAMBA

(lilectrotechnical Laboratory, Ministry of Communications, Tokio, Japan)

Summary-This -paper describes the standard frequency equipment estab-

ished at this laboratory. A valve -maintained tuning fork of Elinvar steel, made
my Ii. W. Sullivan Co., Ltd., London, has been taken as the working standard.

.5ome of the important characteristics of its frequency variation have been measured
Ind adjustments have been ?node in order to minimize the variations which have been

)bserved. The absolute value of its frequency has been measured through a long
merits of tests and the following value obtained as the mean frequency:

999.770 cycles per sec. at 36.0 deg. Cent.

The precision of measurement is estimated as being well within one part in one
'nation, but, because of the effect of atmospheric pressure, the constancy of 'main-

!mance is a few parts in one million. Two stages of multivibrators multiply the
standard frequency by one thousand and the calibration can be made with an ac-
..luracy of one part in several hundred thousand. In order to determine the constancy
'if maintenance of the standard, a piezo-electric oscillator has been calibrated from
.!ime to time over a period of Jive months and the results have been satisfactory.

INTRODUCTION

THE PRECISE determination of high frequencies has become a
most important technical problem. Especially in radio communi-
cation, the growing demand for radio channels will necessitate

a more precise allocation of frequencies for different services and a
more accurate maintenance of the assigned frequencies. To secure a
high-grade standard of radio frequencies is, accordingly, an essential

requirement.
The work of establishing accurate frequency standards has been

in progress in Japan since 1918. First, a standard consisting of induc-
tance and capacity was established by comparing it with either rotating
machines or Lecher wires. Subsequently, on account of the need for
frequency comparisons between the Japanese Army, Navy, and
Ministry of Communications, and in line with the recommendations of

.the International Union of Scientific Radiotelegraphy (U. R. S. I.)
the fundamental frequency standards were reestablished.

The ideal to be sought in working on this problem is a vibrator
whose frequency can be indefinitely maintained constant to a very high

* Dewey decimal classification: R210. This is based on a paper on the same
subject presented before the World Engineering Congress in Japan in Novem-
ber, 1929.
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degree. Many kinds of vibrators, either mechanical, electrical, or
electromechanical, call be suggested, but perfect constancy in the
generated frequency cannot be expected in any of them.

Among many kinds of vibrators, the following general classes may
be mentioned;

(1) mechanical; as a pendulum of a clock,
(2) electrical; as a special kind of a valve oscillator,
(3) electro-mechanical ; as a valve -maintained tuning fork, a

magnetostriction oscillator, or a piezo-electric oscillator.
Each of these classes has its own distinguishing features, and their
frequency characteristics have been described more or less satisfactor-
ily by many workers. The proper choice of the method having the
greatest constancy and ease of maintenance, however, calls for further
investigation.

Assuming that a suitable frequency standard has been set up, the
next problem is to obtain an adequate number of separate frequencies,
spread over a sufficiently wide frequency band. This object can be
attained by the use of a frequency multiplying system. There are
several possible methods, among which the harmonic amplifier and
the controlled distorted -wave generator are to be preferred.

The system which has been adopted in this laboratory consists
of a valve -maintained tuning fork and a controlled multivibrator. The
object of this paper is to describe the equipment used for maintaining
the standard frequency.

STANDARD FREQUENCY EQUIPMENT

As a source of the standard frequency, a valve -maintained tuning
fork, thermostatically controlled, has been chosen on the basis of both
constancy and ease of the frequency measurement. The properties of
this vibrator have been thoroughly studied, experimentally and theo-
retically by many investigators.' The most important effect upon the
frequency is that of the variation of temperature. The ordinary steel
fork is not sufficient, because the temperature variation in a thermo-
static chamber will be, at the least, of the order of one -tenth of a
degree Centigrade, and the constancy of the fork frequency can only
be attained to the order of one part in one hundred thousand, as the
temperature coefficient of the ordinary fork is about one part in ten
thousand per degree Centigrade. A tuning fork made of Elinvar steel,
invented by Guillaum,2 has, therefore, been adopted as the standard.

1 D. W. Dye, Roy. Soc., Series A, 103, 240; 1923. W. H. Eccles, Phys. Soc.
31, 260; 1919. g. Butterworth, Phys. Soc., 32, 345; 1920. T. G. Hodgkinson,
Phys. Soc., 38, 24; 1925.

2 Ch. Ed. Guillaum, Compt. Rend., 170, 1433; 1920.
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A fork made by H. W. Sullivan Co., Ltd., London, was used, and its
frequency was adjusted, as closely as possible, to the value of 1 kc.

. The method of supporting the fork is a factor which may give rise
to a variation in frequency, on account of the mechanical coupling
between the fork and the surrounding bodies, and, therefore, the fork
was mounted firmly and permanently on a suitable cushion to reduce
the effect.

The capacity of a shunting condenser connected across the anode
coil of the exciting circuit of the fork was adjusted so as to give a mini-
mum variation of the fork vibration. Fig. 1 shows the amplitude of
vibration for various values of this capacity. Though there remains
the problem of compensating for the frequency variation due to the

z
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Fig. 1

unsteadiness of the electric power sources, as was pointed out by Dye,
the order of this variation is very small and it is an easy matter to
keep it well within the accuracy of measurement. The variation
actually resulting from varying the plate voltage and the filament
current was -2.1 X10-7 for plate voltage and +8.0 X10-7 for filament
current, with one per cent change of these two sources of power.

The value of the output from the fork affects the value of its fre-
quency, if the output coil is fairly tightly coupled to the exciting
circuit, since the back electromotive force due to the output current
causes a change in the phase angle of the exciting current. Particularly,
the d -c polarization of the anode coil due to an external load was found
to give a change to the electro-rnechanical constant of the exciting
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circuit. Accordingly, the output coil has been shunted by a fixed high

resistance, and suitable power is drawn from the output side of an
amplifier to remove the mutual action. This method was recently
adopted by Clapp.' The circuit is shown in Fig. 2.
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A.4 pointed out ah,ve. alt Hinvar fork has a very low temperature
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Ind an Invar rod, with a high -ratio lever and a tungsten -platinum
contact. A valve relay is used to reduce the sparking at the contract.
The regulation of temperature is quite satisfactory and well within
0.1 deg. Cent. The schematic -circuit diagram is shown in Fig. 4.

LEVER END

Fig. 4

HEATER CIRCUIT

THE DETERMINATION OF FORK FREQUENCY

The determination of the absolute value of frequency is another
difficult problem to be solved after the constant frequency source
has been established. There are several methods whichjiavelbeen
tried by many authorities, as discussed in the paper of Krein and
Rouse.' The most accurate methods may be conveniently considered
as falling in one of the following two classes:

(1) integrating method,
(2) method of comparison with a rotating machine.

The first method is preferable, because it requires no intermediate
vibrator, and the measurement can be most directly conducted. The
second method, on the other hand, utilizes the frequency of an alter-
nator whose rotation is controlled- by another vibrator, such as in
the method employed by How and Wenier,5 and, in addition, the
process of time measurement is to be repeated twice. Consequently,
the precision of the measurement will be reduced.

A phonic motor of Rayleigh and La Cour was adopted, and as
the frequency of the motor exactly synchronizes with an introduced
frequency, it functions as a frequency -counting mechanism. The
motor which is introduced is made by the General Radio Co., Cam-
bridge, Mass., and has been provided with a commutator which makes
a mark every 12 seconds on the tape when a frequency of exactly
1000 cycles per second is used.

The accuracy of frequency measurement depends chiefly upon the
 accuracy of the time -measuring devices and also the length of time

intervals taken in the measurement. It should be pointed out that
the values, thus obtained, always give the mean value of frequency
during the time interval.

4 E. ICrein and G. F. Rouse, Opt. Soc., 14, 263; 1927.
6 R. H. How and F. Wenner, Phys. Rev., 24, 535; 1907.
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The clock maintained at this laboratory is that of Clemens
Riefler, Class B, No. 468, and its daily rates are measured every day
by comparing its time with the standard time signals sent out at
11 A.M. from the Astronomical Observatory at Mitaka, Tokio district.

The absolute measurements were conducted, at first, over com-
paratively short time intervals, i.e., 1 hour (3600 seconds) and after-
wards over intervals of 24 hours (86,400 seconds). In the latter case,
the accuracy of the clock could be neglected from the measurement and
the time was compared directly with the standard time signals, which

999.85

99980

32

31'

Pc/

25"

27

0 2 3 4
TIME IN HOURS

Fig. 5

are given according to the mean solar day. The probable error of
time measurement in the course of the frequency measurement is
estimated as ±0.002 second. As a final result, the following has been
obtained as the value of the mean frequency:

999.770 cycles per second at 36.0 deg. Cent.
Since the greatest effect on the frequency variation of the fork is the

temperature, it is of prime importance to determine its temperature
coefficient. A long series of measurements was conducted in the range
of temperature between 25 deg. Cent. and 38 deg. Cent. It has been
shown that the second -order term is practically negligible over the
above temperature range and the relation is perfectly linear within
the accuracy concerned, i.e.,

Coeff. =0.000018.
It should be pointed out here that, as the fork is of heavy construc-

tion, the thermal capacity is so great that a remarkable lag in the tem-
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rrature rise resulted. In Fig. 5 is shown an example of the variation

i the frequency of the fork in a case where the fork was started at the

loin temperature of 24 deg. Cent. and raised to a temperature
1.tween 31 deg. and 32 deg. Cent. It may be seen in the figure that

1 e temperature of bath reached a constant value in one hour and a
hlf, while the frequency of the fork reached a constant value only

;ter five or six hours. This may be one of the practical disadvantages

the use of the fork as the standard.
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The effect of atmospheric pressure ought to be considered because
.

fork produces an appreciable amount of acoustic energy when it is
ibrating, and the degree of air -loading will vary the damping of the
ork. As a result of an experiment with a pressure chamber, the frac-
ional change of frequency has been observed to be approximately
-3 X10-7 per millimeter of mercury.

Fig. 6 is from a photograph of the general arrangement of the
tandard fork and its frequency -measuring devices.

FREQUENCY -MULTIPLYING EQUIPMENT

Since the frequency standard has been established as a single
requency, it is necessary to multiply this frequency so as to cover the
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required frequency Irinll. To accomplish severni methods intvo
been tried by 1118113' %VorkVI'S. le111111 Si.:111(1110illi, of accuracy :Ind

ease of manipulation, the methods Call be divided into two classes as
explained above."3 multiviloator system, as used by 1)ye, has
been adopted in this laboratory, because the system can ',produce
harnmnics of high order and of uniform intensity, and in addition, the
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sub -multiplication of frequency is possible, thus widening the fre-
quency range of the standard equipment.

The first stage of the multivibrator has a fundamental which can
be varied throughout a given range in the vicinity of 1000 cycles per
second and is controlled Harmonics up to the
100th can be easily selected. To increase the separation between the

TO

SIL((IOR
ORM

1111 -?-0111111

Fig. 8

neighboring harmonics of high order, a second stage of the multi-

vibrator has been provided whose fundamental can be chosen to
correspond with the 19th, 20th, or 21st harmonic of the original stage.
A change in the harmonic frequencies can be secured by varying the
plate resistance step by step and a further minor adjustment can be

6 J. 'W. Horton, N. H. Ricker and W. A. Marrison, Jour. A. I. E. E., 42,
730; 1923 C. B. Jolliffe and G. Hazen, B. 0. S. Scic., 530; 1926.

7 D. W. Dye, Phil. Trans. Boy. Soc., 224, 259; 1924. H. Abraham and E.
Bloch, Ann.. de Phys., 12, 237; 1919.
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) performed by the variable condenser inserted in the grid circuit. This

.latter adjustment is a good one by which to keep the intensity of the
..successive frequencies uniform. It was found that the effect of hu-
midity on the operation of the multivibrator is so great that it some-
times entirely destroys the condition of synchronism. In Figs. 7 and 8

I are shown the circuit diagrams of the low -frequency and high -
frequency multivibrators, respectively.

The order of the harmonics can be determined by the pre -calibrated
scale of the selector circuit when they are in beat with the auxiliary

 oscillator. The characteristic tone heard in a telephone receiver

AUXILIARY OSCD LATQK

DETECTOR AND
AM P111-11

LF. MULlivi8RA7 OR

I I. F. m uLTIvl R RATOR Ii

Fig. 9

clearly indicates the synchronizing point of the selected harmonic.
The standard frequency can be multiplied by the whole system up to
1,000 times. Extension to higher frequencies up to 10,000 kc can
easily be secured by the harmonic relation between the frequencies
produced and those of the auxiliary oscillator without lowering the
accuracy of calibration. Fig. 9 is from a photograph of the general
arrangement of the frequency -multiplying system and the equipment
for frequency calibration.

METHOD OF CALIBRATION

The aural method of calibration has been preferred, a heterodyning
valve oscillator of high stability being used, because it will take the
least amount of power from the standard set, and by the principle of
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double beating, any subsidiary harmonic can7be obtained within a
kilocycle band, which considerably increases the precision of calibra-
tion.

The utmost care should be taken in the construction of this aux-
iliary oscillator in order to minimize its frequency variation, but the
effect. of variation of the oscillator frequency can be excluded from
the result by making the time of measurement as short. as possible,
for the oscillator is used only for substitution.
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The precision of calibration depends largely upon the percentage
variation of the oscillator frequency. A bank of condensers in the
oscillation circuit is contbinol in series or parallel, and by the aid of
a vernier cnnh precision (If reading of a few parts in one million
can be easily attained. The condensers used should be of a precision
type of high-grade material and workmanship.

For the purpose of checking the overall constancy and the ac-
curacy of calibration of the standard set, a series of frequency measure-
ments has been carried out on a quartz oscillator. It has been
circulated for other purposes, among other similar laboratories, since
August, 192S.

The quartz oscillator is not of a special kind and the temperature
of the quartz plate is not thermostatically controlled. The quartz
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plate is of the circular Curie cut and the frequencies due to diameter
and thickness are approximately adjusted to the values 144 kc and
.1466 kc, respectively.

The following table shows the results of the experiments carried
out over a period of five months in our laboratory.

TABLE I
MEASURED FREQUENCIES OF A QUARTZ PIEZO-ELECTRIC OSCILLATOR

Quartz, 144 kc Quartz, 1460 kc

Date Temperature
in deg.
Cent.

Frequency
in cycles
per sec.

Temperature
in deg.
Cent.

Freqcuency
in cycles
per sec.

August, 1928 25.3 144.422 28.7 1466.66

28.6 144.394
30.1 144.381

October, 1928 22.6 144.446 24.6 1466.78
23.0 1466.81

November, 1928 17.6 144.486 18.2 1466.97

Curves showing the values of frequency of this quartz plate over
a range of temperature are shown in Figs. 9 and 10. These results are
fairly good illustrations of the constancyof maintenance of the standard
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Fig. 11

and the precision of calibration, and they also show that the constancy
of the generated frequencies of the quartz oscillator is equally excellent.
Furthermore, it can be seen that the frequency variation is quite in a
linear relation with temperature within a few parts in one hundred
thousand. The following temperature coefficients were found:

Coefficient of oscillation due to Xx excitation -2.6X10-6
Coefficient of oscillation due to Yy excitation -8.0 X10-5.

' In conclusion it may be stated that the standard equipment de-
scribed above is only the beginning, and the measurements of the
standard frequency and various improvements of the equipment are
still to be undertaken. Acknowledgment is due to R. Yoneda, who
gave the author valuable advice, and to S. Namba, S. Ishikawa, and
S. Kan zaki of this laboratory for cooperation in the long and laborious
work.



Proceedings of the Institute of Radio Engineers
Volume 18, Number 6 June, 1930

THE AMPLIFICATION AND DETECTION OF ULTRA -SHORT
ELECTRIC WAVES*

BY

KINJIRO OKABE
(Nagoya Higher Technical College, Japan)

Summary-In this paper, experimental results and theoretical considera-
tions are discussed which concern the amplification and detection of electric waves
shorter than one meter in length, in a system wherein diodes and triodes are con-
nected so as to produce oscillations of the Barkhausen and Kurz type. A simple
theory of the electronic effect in the detector action is given.. In some of the circuits
use is made of a magnetic field applied in the direction of the axis of the electrodes
within the tube.

I. INTRODUCTION

IN ANOTHER communication' the author has pointed out that
the ultra -short electric waves, (below one meter), could be ampli-
fied and detected simultaneously with diodes and triodes which

are, connected so as to produce the oscillations of Barkhausen and
Kurz (or Gill and Morrell type). For convenience's sake, the author
will call the receiving circuit of this kind "Electronic Ampli-Detector."

Assistant Professor Uda of Tohoku Imperial University, Japan,
succeeded recently in telegraphic communications through the dis-
tance of 30 km and telephonic communications through the distance
of 10 km with a modulated wave of 45 -cm wavelength, due to the de-
velopment of the "electronic ampli-detector."

The vacuum -tube detector used by Barkhausen and Kurz seems to
correspond to one of these "electronic ampli-detectors" although no
amplifying action was mentioned.' The vacuum -tube detectors used
by Hollmann seem to be quite different in principle from the present
ones.'

It may be noted that most of the present receiving circuits are
comparatively easy to adjust. This may be supposed from the theoreti-
cal point of view.

II. "ELECTRONIC AMPLI-DETECTORS" OF VARIOUS KINDS

Most circuits which will produce oscillations in this range of wave-
lengths can now be used as "electronic ampli-detectors." We can

* Dewey decimal classification: R343. The present research was carried out
at the Research Laboratory of the Tokyo Electric Company, Kawasaki, Japan.

1 Jour. I. E. E. (Japan), January, 1929.
2 Phys. Zeits., 21; 1920.
3 E. N. T. 7, Bd. 5; 1928.
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receive the waves successfully with the various circuits, such as shown
in Figs. 1, 2, 3, 4, 5, and 6, with which the oscillations of the Barkhau-
'sen and Kurz type can be obtained. Satisfactory reception of waves
can be obtained while the oscillations are present.

A

T

Fig. 1-A -circuit

In the figures, P, G, and F respectively represent the anode, the
grid, and the cathode of vacuum tube. In the case of Fig. 1, P is
placed at the outside of the vacuum tube, so that it becomes a diode.
A, IV, C, Ch, 11; and i I respectively represent receiving antenna,

va

Fig. 2-B -circuit

parallel wires, short-circuit condenser, choke coil, telephone receiver,
and magnetic field coil. T10, I,Va, If, and R / denote the grid source
voltage, the grid current, the anode voltage, the anode current, the
filament current, and the d -c resistance of T respectively, while L

Fig. 3-C -circuit

denotes the distance between the center of the electrodes of vacuum -
tube and the short-circuit condenser.

In the cases of Figs. 1, 2, 5, and 6, three parallel wires have been
used. In all cases, the telephone receiver T (4000 Ohms) has been
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connected to the grid circuit, although similar results have been ob-
tained when it has been connected to the anode circuit. Of course an
audio -frequency amplifier must be used in practical communications.

va

Fig. 4-D -circuit

B -circuit (Fig. 2) represents an improvement of the A -circuit
(Fig. 1). The other circuits are quite the same except for the point of
the application of the magnetic field.

III. EARLIER EXPERIAIENTS

Experiments regarding the sensitiveness of the "electronic ampli-
detectors" and those tending to prove the existence of an amplifying

VQ

Fig. 5-E -circuit

action had often been successfully carried out in the earlier course of
the present research.

The author could receive the modulated ultra -short waves very
satisfactorily at a distance many times that of a Hertz resonator -

Fig. 6-F -circuit
detector (a crystal detector and two wire arms). The existence of
an amplifying action was proved experimentally with the circuit by

o

it

O.
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-...onnecting alHertz resonator instead of the receiving antenna. The
Signal intensity in the telephone receiver, which was connected to
she terminals of the crystal detector of the above resonator, was
Increased abruptly by gradually increasing the amount of filament
current and it was decreased suddenly by further increasing the same
3urrent. During this experiment the grid_voltage and the position of

15 -

2000 .10

E

1000 5

A=66 cms..
No.111 tube,
B- Circuit,
V0= 0,
L= 41 Cm5.,
Lo= 24
fit =4000n,

0

ti

O

0 0
150 160 170 180 00 200

---V9 in vo ts.

Fig. 7

210

the short-circuit condensers, which had been decided carefully, were
kept constant. The author finds no reasonable way to explain this
result other than attributing it to the existence of an amplifying
action of this particular character. Similar experiments with other
circuits could be easily accomplished. In general these receiving
circuits were easily adjusted.

1Y. FURTHER EXPERIMENTS

Further experiments have been carried out with vacuum tubes
shown in Table 1.

TABLE I

NO. Diameter of Anode Diameter of Grid Name

II

0.75 em

0.9 "

0.25 cm

0.I "
11F-101 (commercial

MUIR!,
"

III 0.75 0.25 " 5-101 (laboratory
name)
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The No. III tubes have been specially manufactured so as to fit

the B -circuit, and the anode -lead was located at the side opposite the

other leads.

20 2001

0 0

WAD tube,
S- Circuit
V = 204
1...w-- 24 Cm.,
L =41 cm5.,
Va= 0 v.
fit=4000.r.

1

f
0 61 0 62.

in Amp.

Fig. S

0.6?

-All of the following experiments, were made by receiving a modu-
lated wave of 66 cm. This wavelength is denoted by X in the accom-

panying diagrams.

":C

'00

50

0

A.= 66 Ems.,
MAI -tube,
8 -circuit,
VJ.--- 204

Lo= 24 Cm5.,
Va * 0 v..
Rt = 4000n.

v., I

o

/
_o-------°

35
L in CMS.

Fig. 9

90

Next, the experimental results obtained with various circuits will
be given.
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A -circuit, as shown in Fig. 1, may be of interest, as we can amplify
these ultra -short wavelengths with diodes, but it has been found that

 the B -circuit is superior in the points of sensitiveness and ease of
adjustment.

en
c

20

O

10 A = 6 ctriS.,
No.11 tube.

L = 37 Cms.,
Rt=4000f1.

100 150
--- V3 in volts.

Fig. 10

200

The author could obtain very satisfactory results with B -circuit
Fig. 2, with respect to adjustment, sensitiveness, selectivity and
stability.

Fig. 7 shows the relation between and I p with which the best
inception could be obtained. The corresponding audibility curve is

II so

40

4
E o

en
cat
x

1 4- 1 2

2

o 
0

1 1

----IHN07/-4-

I
)

--7 A.... 66 cry's.,
No.11 tube,
D-Circuit,V 100 V.,
L = 37 (105.,
nt.. OM fl 

1

04 o.8 1.2 1.

Va in volts.

Fig. 11

also shown in the same figure. In this case, L, and L (the length of
the receiving antenna) are kept constant at the values shown in the
figure. The lengths of L and La are to be selected properly, Fig. 8



1034 Okabe: Amplification and Detection of Electric Wares

shows the change of audibility when only I f varies, together with the

change of Ig, which is naturally caused by the change of If.

Fig. 9 shows the change of audibility when only L varies. Similar

results can be obtained when L. varies instead of L.

=-)

1 I

30 20

20 10

10 0
100 120 140 160 100

-V3 in volts.

I
I

'Th\
1

i N.

'

IIII
I I

A. --= 66 ems.
No.11 tube.

\IF- Circuit. I-L =34 ems. I-fit= 4000 a.
l 1

Fig. 12

t_' -circuit in Fig. 3 is also excellent. The author has recognized in

most cases that better reception of waves can be obtained by applying

a proper magnetic field in parallel to the electrode axis. As seen in

Figs. 3 and 4, D -circuit utilizes this fact.
We could obtain very satisfactory results with D -circuit. Fig. 10

shows the change of optimum values of 1, and FI, resulting from a

change of In this case L is kept constant at 37 cm while I% was so

adjusted at each measurement as to afford best results.

V (1/, sin wt )

Fig. 13

Fig. 11 shows the change of optimum values of I. and 11, required
by a change of 1%. Tn this case 1. and L are kept constant through
he measurement.

E -circuit., as shown in Fig. 5, gave results which Nvere not so satis-
factory. The modified circuit which utilizes a magnetic field is shown
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in Fig. 6. F -circuit in Fig. 12 shows the change of optimum values of
r, and H when V, varies in this circuit. In this case L is kept constant
.at 34 cm while V, is adjusted as to give the best results.

Many things remain yet to be studied regarding the E- and F -cir-
cuits. We could obtain satisfactory results with No. 1 tube in various
circuits.

. A SIMPLE THEORY REGARDING AMPLIFYING ACTION

In all cases of "electronic ampli-detectors," the existence of a
negative resistance is very probable.4 Then for simplicity's sake let
us admit the following circuit, (Fig. 13), instead of considering the
actual circuit. In the figure, p denotes the negative resistance, L, R,
and C denote the inductance, the resistance, and the capacity respect-
ively, I' and i denote the impressed e.m.f., (which corresponds to that
induced by incoming waves), and the current respectively.

Then the following equation can be obtained.

d'i / R 1 \ di 1 /
+

R\1
+ Tc LCp

Q - V, sin cot

dt 2 L Cfi dt LC r))

where Q is a constant and can be determined by assuming the negative
resistance characteristic.

When Q =0, (1) is solved as follows.

= e {Ci cos cot + C2 sin wit} .

IJ (B co2) sin cot
+

VA2w2 (B - co2)211/ A2co2 (B - w2)
Ace cos cot

where

\/A 20)2(B -

R 1 / .11) D -A = - B = TFy
1_,CpL Cp

CO, =
1/(4B - A2)

; C1 and C2 = constants.
2

(1)

(2)

By putting the condition, which makes i infinity, into (2), we obtain

i = C3 sin (co't C4) K V, sin cot (3)

4 Tonks, Phys. Rev., Ocf.ob?r, 1929.
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where

C3 and C'.; are constants.

=

K=

Vq

Fig. 14

Equations (,3) and (4 give the following results:
(a) the best. reception may be obtained, when w and co' are same,

i.e., the frequency of the incoming wave and that of the self -sustained
oSCillat ion are equal:

i.b) in practical ca -..es a slight difference between w and w' is not
serious. K cannot be infinity at all:

V

(4)

-- " f40.1- t.l.c
VI' -1011

Ni = 5 2 tolt

.

- - -  ---e=

. .. -

; I - 0.7: Amp.

0.64.Amp

0.6 Amp.

_so -13 -3 :0 -10 0
veirz.

Fig. 15

lc H.11 (P:zciliali(lii has Ho direct 4..f1eet on the amplifying action
l tit 11111:iy Fisi gelivrall WhelieVer ;MN* satisfactory reception of
waves is
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These results are quite consistent with the experiments, except in a

aw cases.

VI. AN ELECTRONIC EFFECT ON THE DETECTING ACTION

Fig. 14 shows the electrical connection with which the result shown
n Fig. 15 has been obtained. As seen from the figure, the total electron
urrent It decreases abnormally at the neighborhood of V. (anode
voltage) = 0. During the experiment the grid voltage V, has been kept
:onstant.

These characteristics can be expected by considering the increase
f space charge caused by the returning electrons in the neighborhood
)f the cathode.

In special cases this phenomenon may give some effect to the detect-
ng action of the present circuits. But, in most of the cases, the de-
;ecting action may be illustrated in the usual way, ignoring this phe-
3omenon in the considerations.

VII. CONCLUSION

In the foregoing, the author has given a general idea regarding the
"electronic ampli-detectors." There have been left, of course, many
things to be studied further both from theoretical and experimental
points of view, especially with respect to a theoretical consideration of
amplifying action, since the author has only considered a very simple
case differing from the actual circuits in some degree.

The author wishes to express his thanks to Professor Yagi and to
Professor Nukiyama of Tohoku Imperial University for their valuable
instructions and suggestions which were given him at the beginning of
the present research.
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BY
PAUL M. SEGAL

(Recently Assistant General Counsel, Federal Radio Commission, Washington, D. C.)

Summary-This paper presents the difficulties inherent in the development
of a body of lair for radio. It points out that that body of law Inns( be based upon
sound scientific principles as presented by radio engineers. The radio engineer as
1111 expert witness in',', be able to maid the difficulties encountered by experts of other
ela$$e$ and take rvIrrningc of important opportunities for the education of courts
and commis:ions. As legislative advisers the members of the engineering profession
bort trl4:. pf great responsibility. Radio engineers can brine about a healthy growth
of law througl, cooperatici ilrorts and group consciousness.

N ORDER that the radio industries may properly grow and make
their full contribution to civilization, they require a body of law
which is consistent with that growth. The radio engineering

profession must supply the impetus, the principles, and the leadership
for its development. This is necessarily true because radio is essentially
a scientific, not a legal enterprise. Rules of law enter into it. only for
the purpose of insuring stability and either preventing or adjudicating
conflicting claims of right.

The dependence of legal development upon engineering principles
is well ShOWIl by the inclusion in the latest report.' of the standing
committee on radio law of the Aiin'rican Bar Association. The radio
engineering professif in can l4)se sight neither of this relationship nor
of ii 111514 111PliefS

11

flits( important of the engineer's contacts with law is that arising
from actually litigated disputes. Whether the decisions in these dis-
putes :Ire to be correct and far-sighted Nvill depend in large measure
upon praet liters of radio engineering..

'fin' rOli. (if the radio engineer both as a consultant and as an expert
witness in litigated disputes is an important one. Innumerable cases
involving patents on radio apparatus, conflicting rights in radio com-
municatiolls (+Allis to station licenses. the soundness of station alloca-
tions, the organization of nob() communication systems, are already
before the courts anti the retkral Rath() 'tninnission.

Dervvy decimal Ittnr2.
Report of the Standing Committee on Itatito Law, presented at the meet-

Matimt, a twittiration, uynt Eltetrieul School, Inc., al
rorpiration, and .1. 4111.111418111S, t'irettit Court of Cook County,a
8-34.

103S
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The famous decision of Judge Francis S. Wilson in the Tribune

ase2 was based upon a consideration of principles of radio engineering

lresented to the Court by expert testimony. Judge Wilson, in his

)pinion, specifically passed on the question of the frequency separation

iecessary between the contesting broadcast stations to prevent undue

nterference.
In the leading case of United States vs. American Bond and Mortgage

:7 ompany,3 wherein Judge Wilkerson upheld the validity of the Radio

Act of 1927, engineering principles are discussed. Heterodyne and

cross -talk interference, "blanketing," service area, and "nuisance area"

are all dealt with.
In General Electric Company vs. Federal Radio Commission,4 the

Court of Appeals of the District of Columbia also passed upon

engineering considerations, and the opinion balances, as against other

considerations of public interest, the interference existing between

KGO, 10 kw., Oakland, California, and WGY, 50 kw, Schenectady,

New York, both at a frequency of 790 kc.
These are but examples. As radio jurisprudence grows, such in-

stances must increase indefinitely.
The determinations and decisions of the Federal Radio Commission

are based upon engineering considerations to a much greater extent.
Engineering testimony is being offered in almost all hearings before

the Commission and the Commission's decisions are being increasingly

based upon testimony of that character.5

III
Judicial and popular reaction to the testimony of expert witnesses

has not been entirely favorable.
In 1876, in the case of Whitaker vs. Parker,' involving expert

testimony as to the signature on a promissory note, the Supreme Court

of Iowa said :

"The testimony of experts is of the lowest order and of the most un-
satisfactory character We believe that in this opinion experienced
laymen unite with members of the legal profession."

2 The Tribune Company, a corporation, complainant, vs. Oak Leaves Broad-
. casting Station, Incorporated, a corporation, Coyne Electrical School, Inc., a

corporation, and .1. Louis Guyon, defendants, Circuit Court of Cook County,
Illinois, number B-136864, November 17, 1926.

3 In the District Court of the United States for the Northern District of
Illinois, Eastern Division, March 1, 1929. 31 F. (2d) 448.

February 25, 1929. 31F. (2d) 630.
6 See particularly the Statement of Facts and Grounds for Decision of the

Commission filed in the Court of Appeals of the District of Columbia, August 15,
1929, in the Intercity, Wireless, R. C. A., and Mackay cases.

42 Iowa 585, per Beck, J.
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In the New York case of People vs. Kenonler,7 involving the mental
responsibility of a man charged with killing his paramour, the Court
said:

"The frequent spectacle of scientific experts differing in their opin-
ions upon a case according to the side upon which retained, tends much
to discredit such testimony, or to impair its force and usefulness

Handwriting and medical experts, who frequently appear as wit-
nesses, familiarize themselves with the rules of law governing their
qualifications and testimony. There is an extensive literature available
for their study. If radio engineers are to be useful witnesses and if
they are to exercise a beneficial influence upon the development of the
laws under which they are to practice, they too will need to familiarize
themselves with the rules.

It is, of course, true that in any particular litigation, an engineer
without courtroom experience, will in preparation of the case consult.
with counsel, and be prepared to testify properly as to his qualifications
and to state his conclusions effectively. But a familiarity with the
rules governing expert testimony is desirable in advance of this.

Primarily an expert with this knowledge is more apt to be con-
sulted. In cases where a conflict of expert opinion is to be presented,
other factors being equal, success will more probably come to the
litigant whose experts are best able to state their qualifications, to
present their opinions. and to extend their reasons therefore. More-
over, in the preparatiiin of a case, the work of the expert. in the
laboratory or in the field is without legal guidance and he should
direct his experiments and work along lines which will be proper for
statement at the time he gives his testimony. Also, once the expert.
takes the witness stand he is. to a large measure, cut. off from legal
advice. (Counsel inquiring of hint on direct examination are not per-
mitted to ask loading questions. The witness must. determine how
fully 1w shall answer a question and it is well for him to know
how fully 1w is permitted to answer it. And when the stage of cross-
examination is reached. a witness's knowledge of the rules under
which that cross-examination must be conducted is invaluable.

It is not the purpf)s( of this paper to present a discussion of the
applicable rules of evidence, but rather to point out the necessity for
their study.

The preservation of judicial respect for radio engineers also re-
quires that testimony be presented fairly and without. partisanship,
and above all that expert witnesses maintain high standards of
scientific integrity in order that the bickering and recriminations of

7 t). i In N. ru.r (;ray ,
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expert witnesses in other fields may be completely avoided by radio

experts from the outset.
. It is perhaps unnecessary to point out that one of the greatest
pitfalls for an expert witness lies in the temptation to cover the weak
spots of a presentation by a false appearance of learned mystery. No
principle or rule of the radio sciences is beyond explanation insofar

as that explanation is necessary in judicial proceedings. It cannot,
therefore, assist the presentation of a case to state considerations in

I metaphysical or obscure language. The efforts of one witness who re-

cently testified on the general subject of "dead spots" in reception to
gloss over his lack of familiarity with the problem by an involved

distinction between the propagation of electromagnetic and electro-
static impulses is an example of this weakness. Plainly, neither his
case nor his standing as an expert were improved by this legerdemain.

IV

An equally important function of the radio engineer is his assistance

in the formulation of legislation. The report of the Bar Committee
above referred to contains this language:s

"Radio law is constantly open to the danger, because of incomplete or
inaccurate information, that legislators will base their enactments on un-
sound scientific principles. The field is a fruitful one for plausible utter-
ances, to check the truth of which the average legislator has neither the
time nor trustworthy means. In the light of the best available information,
obtained by the committee from radio engineers of recognized standing, the
committee is led to the conclusion that misconceptions of radio facts and
principles have already found their way into legislation now in force and
also are inherent in certain bills introduced into the 70th Congress."

Much good work has already been done by the Institute of Radio
Engineers and by its individual members in making sound knowledge
available to legislative and quasi -legislative tribunals. Mention need
only be made of the part played by the Institute in the development
of General Order No. 40 of the Federal Radio Commission providing
a skeleton for broadcast allocation, of the testimony of Hogan, Dell-
inger, and Jansky before the Commission in July of 1928, of the
testimony of many engineers before the various committees of Con-
gress, and of the excellent studies of Dellinger.'

But much remains to he done, as can be seen from the following
, examples.

Under the provisions of the fourth section of the Radio Act of 1927

as amended, the Federal Radio Commission has powers which may' be

8 Page 8.
.1. H. Dellinger, "Radio broadcasting regulation and legislation," Picoc.

I.R.E., 17, 2006-2010; November, 1929. "Analysis of broadcasting station
allocation," Pnoc. I.R.E., 16, 1477-1485; November, 1928.
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described as quasi -legislative, which is to say that within limits,
Congress has given the Commission the power 1,o make certain rules
and regulations for the government of radio coinniu»ication which
regulations, when properly made, have the force and effect of law.
Generally speaking, these regulations are to deal with the classification
of radio stations, the service of the stations, the allocation of frequency
bands, the kind of apparatus with respect to its effect, the prevention
of interference, the establishment of service areas, chain broadcasting,
station records and railroad rolling stock stations. Plainly most of the
questions involved are scientific. It is equally plain however that
these regulations must be framed and enforced as laws. A case for
the greatest cooperation between the radio engineering profession
and the Commission is at once made out. Sound regulations can be
based only upon sound engineering.

In view of the recent action of Congress making the Commission
a permanent administrative body, it at once becomes apparent that
important regulations must be promulgated fixing standards for the
measurement of station power, for the measurement and suppression
of harmonic radiations, fixing standards of geographical separation, fix-

ing standards for the approval or disapproval of automatic frequency -
control apparatus, outlining a technical program for frequency -main-
tenance standards, establishing a system for stable and ascertainable
reassignments as frequency separations narrow in the telegraphic
service, and many similar matters which at once suggest themselves.
It may be that many of these problems cannot be solved at once
but it is equally true that they deserve the impartial attention of
radio engineers to the end that the work of the American Standards
Association, the Institute's Committee on Standardization, and the
associations of radio manufacturers may be extended to the assistance
of the regulatory bodies.

In order that this work may insure a sound body of law for radio,
it must, at least at the outset, be disassociated from the representation
of particular clients, the advancement of particular schools of thought
and the preference of particular types of patented apparatus. The regu-
lations must be impartial both in intention and effect, narrow enough
to provide firm discipline and yet broad enough to permit wide
development.

While Congress and its committees are of course without attached
technical assistance, the Federal Radio Commission and the Depart-
ment of Commerce have their own engineering staffs. The willingness
of these staffs to encourage the assistance of the profession generally,
appears from the following announcement made by the Commission
on December 21, 1929:
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"The Commission will hold an engineering conference on January 17,
1930, for the purpose of obtaining recommendations from engineers regard-
ing broadcasting operation.

"The two main subjects on which information and discussion are de-
sired are the following:

(a) The possibility of developing an antenna system which will
increase the service range near the transmitter and decrease the
interference at a distance, that is, an antenna system that will re-
duce the 'sky wave' and strengthen the 'ground wave.'

(b) Discussion of synchronism of broadcasting stations. Information
on this subject desire. as to reliability and advantages and dis-
advantages of the various methods of synchronism.

(c) Any other engineering principles to be discussed that would aid
broadcasting stations to render better service.

"The conference will be entirely devoted to engineering considerations
and it is desired that those interested send engineers, so far as they may be
available, who will be qualified to discuss the above questions."

This statement indicates, of course, a wise realization that truly
proper regulation of the radio communication industries must come
from wide consultation and general consensus.

Many other industries under whole or partial government regula-
tion have developed far without that consultation and consensus, the
realization for their necessity coming at a late stage when fixation
had occurred and a complete change of habits and points of view was
difficult to obtain. The radio industries can avoid this error.

The principles of radiophysics and their practical application con-
stitute such a body of learning with such far-reaching effects upon the
national welfare that the practice of radio engineering has become
characterized by a fine distinction. The professional service in the
development of radio jurisprudence and the consequent professional
obligation that that jurisprudence shall be sound must ever be borne in
mind. As consultants, as moulders of the policies of great industrial
organizations, as expert witnesses and legislative advisers, the radio
engineers, with their group consciousness, can be of service as great
and important as with their individual ingenuity in the laboratories.
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NOTE ON VARIATIONS IN THE AMPLIFICATION
FACTOR OF TRIODES':

BY

FREDERICK ENINIONS TERMAN AND ALBERT L. COOK
(Stanford University, California)

Summary-if is puinttai out that variations in the amplification factor of tri-
odes are due to different portions of the tube having different values of p. The re-
sulting p variations over the operating range of the tube characteristic are very con-
siderable in commercial tubes, and girC Ii'merOas undesirable operating features.

VHILE IT is generally understood that the amplification factor
of three -element tubes is not absolutely constant., there is very
little appreciation of the extent of they variations in ordinary

commercial tubes. The situation shown in Fig. 2, in which µ varies
between 10.4 and S.5, or about 20 per cent, over the operating range, is
representative of what may ordinarily be expected.

The variations that are observed in the amplification factor of
ordinary tubes are caused by edge effects and other dissymmetries that
result in different parts of the tube having different ke.:-.,. These different
parts are all in parallel, so that t he behavior of the equivalent. µ of an
ordinary i ube can be el,nsidered as the result of a parallel combination
of unlike. i Id bes, t he analysis of which is available.'
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With filament type cathodes the situation is complicated by the
'act that different portions of the cathode not only have different A's
9ut also have different effective grid biases as a result of the voltage
hop in the filament. The result is that although there is a general
;endency for µ to decrease as the grid is made negative, this effect is
tometimes masked by other tendencies. Thus some filament type tubes
lave a µ which increases as the grid becomes more negative, and in at
cast one case a tube was found in which as the grid was made negative
I first increased, then decreased, next increased, and finally decreased
is cutoff of all plate current was approached.

One of the most important effects of IA variation is the distortion
;hat it introduces in amplifiers. As a consequence of µ variation, an
)rdinary amplifier tube will not give distortionless amplification even

20

16

12

8

4

.::::F

(o
-

..:

C-3 Z7
Er=2.5

:i,o

4)1

. .:::,
.....;?.

4ii

0-;
,..

<i
4/ p

V
.

7
LLJ

,1-
d .

4)
Ai N  

c I

CL

-5-
6' .9.

.
0

........ '
A IF

8  ,,,,___......c.--
...

-20 -8 -4 0 4 8 IZ 16

GRID VOLTAGE

Fig. 2-Typical p characteristic of commercial three -element tube.
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though operated on a straight line portion of a plate -voltage, plate -
current characteristic, and furthermore, under these conditions the dis-
tortion will be greatest when the load impedance is very large. Incon-
stancy ofµ also causes crosstalk when a tube is simultaneously used to
amplify several communication channels. These effects have been dis-
cussed in detail elsewhere and will not be taken up here.'

The reduction of µ as the grid is made negative reduces the complete-
tess of rectification in plate detectors, and can very materially reduce
the detector output. A low µ at a very high grid bias also reduces the
efficiency of oscillator tubes by allowing a small residual of plate cur-
rent to flow when the plate voltage is high.

2 Peterson and Evans, "Modulation in vacuum tubes used as amplifiers,
Bell Sys. Tech. Jour., 6, 442; July, 1927.
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The standard method of measuringµ is by means of the Miller

bridge. This arrangement does not give a sharp balance point, however,

because of the capacity current flowing between the plate and grid of

the tube. The modification of the Miller bridge which is shown in

Fig. 1 overcomes this difficulty by balancing the charging current out of

the telephone receivers by means of the variable mutual inductance.

The telephone receivers should also be brought to ground potential
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Fig. 3-Typical set of plate resistance contour lines for commercial
three -element tube.
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either by the use of a Wagner earth connection or_by grounding a suit-
-

able part of the circuit.
The method of representing tube constants by means of contour

lines such as used in Fig. 2 is a very useful method of giving the entire

characteristic at a glance. Fig. 3 shows the results obtained by repre-

senting plate resistance in this manner, and indicates very. clearly how

the plate resistance varies from point to point over the characteristic

curves.



Proceedings of the Institute of Radio Engineers
folume 18, Number 6 Jane, 1930

RADIOTELEGRAPHY AND RADIOTELEPHONY ON
HALF -METER WAVES'

BY

SHINTARO UDA
(College of Engineering, Tolloku Imperial University, Sendai, Japan)

Summary -Comminication tests in radiotelegraphy and radiotelephony on
.alf-meter waves are described. The first section of the paper is devoted to the descrip-
Eon of a new type of receiver for 1,0 -80 -cm waves. Experimental results are given
9 show the action of this receiver. It is pointed out that a sort of regenerative amplify-
ng accompanies the detection of such extremely short waves, and a brief explanation
f this action is given.

The next section of the paper contains the results of experiments on a half-
leter transmitter, with special regard to the modulation system.

In the latter portion of the paper, actual tests of communication to the distance
rom 10 to 30 km are described. The possible application of our wave collecting
ystem to direction finding with such extremely short waves is pointed out.

INTRODUCTION

rOMMUNICATION with ultra -short waves below one meter
has not hitherto been accomplished, so far as the author is
aware, even to the short distance of a few kilometers. Diffi-

mlties lie chiefly in the reception, and a receiver for such extremely
ihort waves has not yet been satisfactorily developed.

The author's short-wave receiver' is now found to serve the purpose,
tnd actual tests on telegraphic and telephonic communication with
[5 -50 -cm waves have yielded very promising results.

RECEIVER FOR 40 -80 -cm WAVES

kpparatus
According to the author's experience, a heterodyne reception is

lifficult with these extremely short wavelengths, and is perhaps not
)racticable for technical purposes. Consequently, in telegraphy the
wave must generally be modulated at a single audible frequency.

The simplest means for reception is to use a crystal detector and a
nulti-stage audio amplifier as shown in Fig. 1. This circuit is found
lot well suited to the reception of very weak signals from a great
listance, because the detecting action of crystals is not sensitive
mough in detecting weak signals.

* Dewey decimal classification: R402.
1 S. Uda, "A new type of receiving set for extremely short waves," Jour.

. E. E. of Japan, June, 1929.
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Fig. 2 slimes the connection diagram of the author's revel ver, in

Achich ji is the receiving antenna., and L, 1/ are parallel wires, (1, which

the tuning condenser ("(0.0003µ0 is bridged. Cymotron III',-I01was

used as the detector tube. Chokes eh were used to minhnize the dis-

turbing effects of the leads. A telephone receiver or an audio -fre-

quency transformer is to 1w placed in the plate circuit of the detector

Fig. I-Receiver with crystal detector and low-frequency amplifier.

tube. This is practically very advantageous, since the direct current,

flowing to the plate in this case is very small in comparison with the

current in the grid circuit.
The negative voltage applied to the plate can be varied by the

potentiometer I?, and by adjusting it the wavelength may be slightly

Fig. 2-Connection diagram for 40 -80 -cm wave receiver.

changed. A closer adjustment can be effected by the variable air
condenser C having the usual vernier dial. It is interesting to note that
even in cases of such extremely short waves as below 80 cm, a very

effective control of tuning may be made by ordinary means.
In our experiments, 45 -50 -cm waves were generally used. The grid

voltage was about, 145, the plate voltage was from about -10 to -30,
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g,nd the grid current was about 20 ma. The apparatus is shown in
'Pigs. 3 and 4. In Fig. 4, the receiving antenna system is shown, in

Fig. 3 --Receiver for 40 -80-em waves. Cymotroll l 1 101 is used.

R R R A .R

to

0
0

Fig. .1 Receiving antenna system.

'hich the parabolic reflector of 5 rods and wave -director rods can be
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If it is required to increase the range of the wavelength, the grid

voltage may be varied, and one can thus easily obtain the range from

40 cm to 80 cm with this single radio receiver.
'NO

Fig. 5-Receiver for 50 -cm waves. 1"X-199 tube is used.

Afterwards, the detector tube Cymot.ron 17F-101 was replaced by

Cymotron CX-199 tube, and the grid voltage was then varied with a

potentiometer. For 45 -50 -cm waves, the grid voltage was then kept

at about 00-100, while a few negative volts were applied to the plate,

and the grid current was about 10 ma. This set could be operated with

a much smaller number of dry cells in both the grid and the plate

1.'

Fig. 6-Fifth--em wave receiver with shiehloi

circuits than in the former receiver. Figs. 5 and 6 show the actual

portable sets of this receiver. In Fig. 6, the antenna arrangement is

shown, and Fig. 7 shows its interior view.
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Fig. 7 Interior vie hi! 11 reerIVer
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condenser degree C
ig. s -Helm ion 1,et wevn (midenser reading and audibility of detected signals,

oscillatiim intensity, and anode current.
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Detection
The author stated in his previous paper that a kind of regenerative

amplifying action can east with the detecting action of an electron

oscillator. This probably is the cause of the great sensitiveness of

our receiver.
As the condenser capacity C(0.0003µf) is gradually increased the

oscillation current usually suffers a sudden decrease at a certain point,

and after passing through a minimum, rapidly increases again,

gradually returning to its original value. Typical examples are shown

by curves (I) in Figs. S and 9, in which 1'0 represents the readings of

1'
30

25
1p

m. a

0.4_ )(1)

0.33 I:

0.1

0

Lip -101

waveA z..- 4-6ctracorni ny

7P= your
!(O

76;lity 30
Ayr

0 20° 40° 60° so°

condenser degree C

Fig. 9-Relation between condenser degree and audibility of detected signals,
oscillation intensity, and anode current..

loo°

the microammeter attached io the center of a straight rod, placed

near the receiver as shown in Fig. S. Curves (II) in the same figures

show the corresponding plate current. In these experiments,

measurements were made of the sound intensities of the received sig-

nals. The audibilities arc thus given by curves (III) in these figures.

In order to explain the phenomena clearly, let us now examine the

following experiment, in which the variable air condenser is replaced

by the short-circuit condenser C' which can be slid on the Lecher

wires as shown in Fig. 10. Now Fig. 11 shows the high -frequency
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current io, the plate current in, and the wavelength X, as they vary
with the distance d along the Lecher wires. Sound intensity of the
'detected signal was also recorded at the same time, and is plotted

D)T

Fig. 10-Circuit connection used in tests for detection.

as curve (III) in the same figure. In this case, the source was modulated
at 1000 cycles, and the exact wavelength was equal to 46 cm.

It is obvious that the change of the condenser capacity in the
former experiments (Figs. 8 and 9) corresponds to the sliding of the
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Fig. 11-Variation of audibility of detected signals, oscillation intensity, wave-
length, and anode current with parallel wire distance.
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80 89

short-circuit condenser CR in the latter. (Fig. 11.) The points A, C, B
as indicated in Fig. 11 correspond respectively to those indicated in
Figs. 8 and 9. In the region near the point A, as Prof. Hollmann has
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stated,2 weak Barkhausen-Kurz oscillations !nay usually exist, or else,

in some cases, there will be no oscillations in this region.

Suppose that the negative plate voltage of the detector tube is so

adjusted by the potentiometer R (in Fig. 2) that the frequency of the

incoming waves nearly coincides with that at the C state in the detector

oscillation regions. (This may be effected conveniently, in some

cases, by changing the impressed grid voltage with a potentiometer.)

At this state C, the frequency of the oscillation is determined by the

external tuning system, as pointed out by Holtman!"

Fig. 12-Two tubes connected in parallel.

Therefore, if this external oscillation system is tuned to the incoming

waves by varying the tuning condenser (Fig. 2) or by sliding the short-

circuit condenser (Fig. 10), then electron oscillations in the detector

tube will be affected and controlled by these waves, and will very

likely be pulled in to the same modulation as the incoming waves.

In other words, the amplitude of the oscillations will be changed accord -

Fig. 13-Four tubes in parallel.

ing to the signal strength, and their frequency will also depend upon

the incoming waves. This fact is plainly recognizable, especially

when the signal strength is comparatively strong. It seems that quite

the same action is accomplished as long as the field intensity is not

below a certain critical value. A regenerative amplifying action of

this receiver is probably due to this controlling effect of the incoming

waves. Hence if the strength of the incoming signals is too weak to
affect the internal electron oscillations, the detection will not be

2 H. E. Hamann, PROC. I.R.E., 17, 229; February, 1929.
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efficiently accomplished, and then signals may not be heard at all.
But, on the contrary, if the signal strength is stronger than a certain

 critical value, pulling action will take place, and, consequently, a
regenerative amplifying detection will be very efficiently accomplished.
This characteristic has often been noticed in our electron detector.

The above explanation seems to be confirmed by the experiments
above described (Figs. 8, 9, and 11), in which the points of detection
with the highest sensitivity occurred always near the point C, just
after the transition from the A state to the C state. It is again notice-
able that when the first transition takes place at a parallel wire length
d of 5 cm, the process repeats itself at d= 29 cm, d= 52 cm, etc. (Fig.
11.) Evidently, in the later C regions we have overtones of the parallel -

Fig. 14-Seven tul.es in parallel.

wire system. In Figs. 8 and 9, too, two points of sensitive detection
were found.

Since no special care was taken to keep the frequency of the sender
exactly constant, a certain degree of "frequency modulation" may hive
resulted. Although no audible heterodyne beats could usually be
heard by adjusting this receiver, it was difficult to distinguish them
from other weak noises originating in the receiver. Perhaps for
this reason the detected signals were not disturbed at all by audible
beats, although the detector tube was at its most sensitive detection
point, always in the oscillation region. This is one of the merits of this
electron regenerative detector, and is different from an ordinary re-
generative autodyne receiver of a few meters.

TRANSMITTER
,Parallel Operation

To increase the intensity of oscillation, a number of triodes were
connected in parallel to a common tuned oscillation system. In Fig.
12, two tubes are connected in parallel. C. is a bridging short-circuit
condenser, and A is the sending antenna connected to the parallel
wires a quarter -wave distant from C.. The antenna current of this
transmitter was about 15-20 ma. Cymotron OF -101 tubes were used.
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Four tubes are connected in parallel in the case of Fig. 13, and

seven tubes in Fig. 14, the antenna current of the former being about

30 ma, and of . the latter about 50 ma. The actual apparatus with

seven tubes is shown in the photograph of Fig. 15. The wavelength of

Fig. 15 - Fifty -cm wave transmitter with seven tubes.

this transmitter was about 50 cm, and was found not to be much

elongated due to the increase of the number of tubes. It is certainly

possible that some inconvenience will be experienced in practice due

Fig. 16-Directive antenna system with parallel excited t uhes.

to the failure of one of the many tubes employed, thereby upsetting

the condition of successful parallel operation. Yet a 2- or 4 -tube
oscillator was found to be very convenient, according to the author's

experience.
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Fig. 16 shows another form of parallel connection, in which A8 are
the antennas erected vertically at the middle points between adjacent
tubes. If the distance between adjacent oscillators be properly

/20
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0
(c) (I) (2) (3) (4) (5) (6) (q) (5)

nurn ber of Ott rannli
Fig. 17-Variation of received energy with number of antenna.

chosen, the effects of all the antennas will become additive and the
radiated energy will be much increased with the number of the an -

Fig. 18-Polar curve in horizontal plane.

tennas. The numbers in parentheses in Fig. 16 indicate the order of
introducing the antennas, and the annexed numerical figures show
the meter readings in the receiver. The increase of the received current
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with the number of the antenna in this case is also shown in Fig. 17.

Fig. 18 shows the horizontal polar distribution due to this system.

But, in this system, if the distance between adjacent oscillators be not

suitably chosen, the antenna will not oscillate in the normal manner

as shown in Fig. 16, and this will cause an undesirable result.
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Fig. 19-Variation of oscillation intensity with applied plate voltage.

Modulation
In ordinary radiotelephony, "amplitude modulation" is generally

used. In the case of an electron oscillator, pure amplitude modulation
in a strict sense can hardly be maintained, and usually a certain small
amount of "frequency modulation" is present, even in the region of
the so-called Gill and Morrell oscillations. According to our experi-
ence, however, this causes no difficulty in actual telephonic com-
munication.
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Various systems of modulation were investigated, such as the grid -
voltage or the plate -voltage control system, or the resistance control

' in the plate circuit of the transmitter. Among them, the plate -voltage
control system was found to give the best results.

Fig. 19 shows how the intensity of oscillation changes with the
plate voltage, when it is varied according to the order indicated by the

un-lot

Fig. 20-Circuit connection for parallel -excited 2 -tube oscillator.

arrows. The circuit connection in this experiment is shown in Fig. 20.
The magnitude of i,, represents the oscillation current as measured by
a .thermocouple. In the part AB of the curve (Fig. 19), the intensity
of oscillation is :nearly proportional to the negative plate voltage, and

- therefore thisTiregion may conveniently be used for the distortionless
. modulation of the waves. The actual arrangement of this system is

Fig. 21-Modulation system.

.shown diagrammatically in Fig. 21. In this method, the low -frequency
transformer is to be placed in the plate circuit, which has the merit
that the direct current flowing into the transformer coil can be kept
very small. In order to get satisfactory results, the applied plate bias
voltage must be suitably chosen by adjusting the potentiometer R.

Fig. 22 shows the connection diagram of our transmitter, in which
the plate modulation system with three -stage speech amplifier is used.
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By changing over the switch S, either telephonic or telegraphic com-
) munication can he easily carried out (Fig. 22). The actual set is shown
p in Fig. 23.

Fig. 23-Apparatus for 45 50 -em wave transmitter with modulation system.

COMMUNICATION TESTS

Tests for reception were carried out at a distance of 10 km. Both
the transmitter and the receiver were located on the hills with a visual
line between them. Fifty -cm waves were used. A director chain of
about 7 meters was used both on the sending and the receiving sides
as illustrated diagrammatically in Fig. 24. In telegraphy, the trans -

0 0

1 III I H I 11111
" 7-7- 7 ." 7-77-7

trans mifrer
r7-7, ,,, , ,

receiver

Fig. 24-Sketch showing the locations of the transmitter and receiver.

mitter was modulated with a single frequency of 1000 cycles, and, in
this case, the signal strength was 2000 in audibility (using the General
Radio audibility meter, type 164B). Reception of radiotelephony, in
which the waves were modulated by speech, has also yielded a very
satisfactory result. No distortion was experienced, and clear speech
could be loudly heard.
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It must be remembered that the short-wave transmitter used in

the above experiment was not so strong as a magnetron oscillator.

The antenna current. was about 10-15 ma when the waves were modu-

lated. Notwithstanding this, the signal was very loud. This is cer-

tainly due to the excellent characteristics of the receiver, and partly

due to the application of the wave -director chains, which proved to

be astonishingly advantageous in concentrating and collecting the

wave energy at these short wavelengths. A 7 -meter director chain con-

tains about 40 wave directors, and concentrates the radiated energy

O .

Fig. 25- eurve detected signalt: at 10 km.

within an extremely sharp beam with only a few degrees of divergence,
not only in t he horizontal plane but also in the vertical plane. After-
wards, the communication distance in telegraphy could be increased
to a distance of 30 km. In I his case, the signal strength was about.
120 expressed in audibilit v.

Direction Finding
In the 10 -km test, we tried to revolve the director chain on the re-

ceiving side around the main antenna as a center. (Fig. 6) When the
direction of the director chain nearly coincided with the direction of

the incoming waves the signal was of course very strong, and as it was
removed from this direction of wave propagation the signal strength
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decreased rather rapidly and then abruptly faded. The result of this
experiment is shown in Fig. 25, where A and A' indicate the vanishing
points of the signal. The direction of the incoming waves can be
found by taking the middle direction between these two points, A
and A'. The method seems to have a very small error, because the
points of vanishing signals can be quite distinctly determined, and
moreover the angle between them may be narrow, owing to the sharp
directivity of this direction -finding system. The fact that the signals
disappear so distinctly and abruptly, seems to prove that, in our
electron receiver, the regenerative detection becomes suddenly in-
effective when the signal strength becomes too weak to control the
electron oscillations within the detector tube.

CONCLUSION

From the above experiments, it may be concluded that radio-
telegraphy and radiotelephony on half -meter waves can be suc-
cessfully executed to a distance of more than 10 km. This achieve-
ment is chiefly due to the development of the special receiver for such
extremely short waves, and thus there remains no question of the
possibility of the practical application of these extremely short waves.
It is hoped that this paper may serve in some measure to promote fu-
ture progress in special communication over a comparatively short
distance, as in secret communication, etc., using these extremely short
waves.

The author wishes to express his thanks- to Prof. H. Yagi, under
whose direction the work was carried out, and to Prof. S. Chiba for
his valuable advice. We are much indebted to the Saito Gratitude
Foundation in Sendai for the financial support given our work.
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THE EFFECT OF RAIN AND FOG ON THE PROPAGATION OF
VERY SHORT RADIO WAVES'

BY

J. A. STRATTON
(Department of Electrical Engineering, Massachusetts Institute of Technology,

Cambridge, Massachusetts)

Summary-The purpose of this paper is to investigate theoretically the
effect of rain, fog, or clouds on the propagation of short radio waves. The theory

of the propagation of electromagnetic waves in a medium in which are suspended
spherical particles of an arbitrary material is first reviewed. The available physical
data on fog and rain is then referred to. The conclusion is arrived at that for waves
greater than 5 cm in length, the effect of ordinary rain or fog on the absorption is
negligible.

INTRODUCTION

r 1HE STEADY trend towards higher frequencies in radio com-
munication brings with it a host of new problems on the means
of their generation and the manner of their propagation. At

present there appears to be very little data available on the feasibility
of point-to-point communication at frequencies exceeding about 60
megacycles per second, and in view of conditions at the upper surface
of reflection, the possibility of regular transmission between points on
the surface of the earth seems questionable. Frequencies lying in this
region of the spectrum might., however, be utilized to great advantage
for beacon work and beam transmission from the ground to nearby
aircraft.. In order to concentrate electromagnetic energy into a true
beam, the dimensions of the emitting system must be very much
greater than the wavelength of the radiation. Parabolic reflectors of
the proper dimensions are entirely impractical for the frequencies em-
ployed in radiotelegraphy, and in the directional systems now in use
the energy is concentrated into planes, not beams. At frequencies
greater than 100 or 200 megacycles per second reflector systems enter
the domain of practicability, and therein lies the principal advantage
of these frequencies.

The greatest impediment to the experimental investigation of
frequencies exceeding 100 megacycles per second is the absence of a
technique for generating them with any considerable amount of power.
There seems to be, however, no a priori reason why this technique
cannot be developed. Assuming that the gap in the spectrum between
the infra -red and short. radio waves can be suitably bridged, what will

* Dewey decimal classification: 8.113.5. Contribution from Round Hill
Laboratories.
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be the influence of the state of the atmosphere on the propagation?
Visible light is scattered in rain and fog; infra -red radiation is scattered
and suffers selective absorption as well. The present paper gives a
theoretical investigation of the question:

At what point in the radio spectrum does absorption in rain and fog
due to scattering and selective absorption become appreciable?'

SIMPLE SOLUTION

If only the absorption due to the scattering of energy by rain drops
is desired, the problem is simply solved by the method employed by
Lord Rayleigh in his investigation of the scattering of visible light in
the atmosphere. This method is based on the assumption that the
scattering particle may be replaced by an equivalent dipole whose
dimensions are small compared to the length of the exciting wave,
and that the average distance between drops is such that different
drops scatter incoherently.

.
Suppose that the incident wave is plane, its electric vector polarized

along the X axis and its direction of propagation parallel to the Z axis.
The axis of the equivalent dipole which replaces the rain drop is
parallel to X. The Poynting vector in the radiation field of an oscillat-
ing dipole of moment p excited by a wave of angular frequency w is
given by the real part of

SI = sin2 0. (1)
47rc3r2

In this expression c stands for the velocity of light, r the distance from
the dipole to the point of observation, and 0 the angle that r makes with
the axis of the dipole. Taking the time average of (1) we have

p20.0 sine 0
:g1

8irc3r2

Since the energy scattered by different drops is by hypothesis
incoherent, energies and not amplitudes are to be added when summing

tip the contributions of the N dipoles in unit volume.

sin2 ONp2
fi =

87re3r2

where N is the number of scattering particles per unit volume.
The polarization per unit volume .of dielectric is given by the

Loren z -Lorentz formula

The author gladly acknowledges his indebtedness to E. 0. Hulburt, of the
U. S. Naval Research Laboratory in Washington, for the suggestion that scatter-
ing by clouds or rain might influence communication with waves of the order of
5 meters or less.

(2)

(3)
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3 m2 - 1
P - E.

47r m2 + 2
(4)

Here E is the electric force acting on the dipole and m the index of
refraction of the polarized dielectric, in this case water. m is in general
complex, but since it is assumed in this solution that the rain drops
have zero conductivity, m has no imaginary part and may be placed
equal to the square root of the dielectric constant.

From (4) it follows directly that the polarization of a single drop is

m2 - 1
P =

7712 2P3E
(5)

where p is the radius of the drop. The total energy scattered per unit
volume of air containing N drops is found by integrating the Poynting
vector (3) over the unit sphere.

=
Np2(04 2 r 7r 1

82re 0 0 0

Od4kdOdr (6)sin

16 7r4cNp6 .m2 - 1 2

= E2 .

3 v m2 + 2

The energy density of the incident wave is

P = -E2.
47r

(7)

The scattering coefficient a- is defined as that fraction of the
primary intensity P which is lost in penetrating through unit length
of the scattering medium.

dP

P clz

or, upon integration,

P =* Poe--

This is equivalent to

S 647r5Np6 -
0- - -

P . 3x4 7/72 ± 2/

The restrictions on the validity of this formula have already been
indicated. It does not apply when the length of the incident wave is
of the same order of magnitude .as the diameter of the rain drop. It_
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does not take into account the effect of a possible conductivity or the
presence of absorption bands in water. These absorption bands play a
predominant role in the calculation of the effective dielectric constants
at wavelengths less than about 40 mm. Finally, if the raindrop density
becomes too great the scattering may not be incoherent, as has been
assumed, and the velocity of propagation of the wave will be materially
altered by the rain storm or cloud. To settle this point, we must have
recourse to specific physical data.

Numerical computations based on formula (9) show that the
absorption of electromagnetic waves due to scattering in rain or fog
is negligible for waves greater than 30 or 40 cm in length. The present
investigation was made, however, with a view to determining the
utility of even shorter wavelengths for communication purposes, as-
suming that the technique for generating such waves can be developed.

In order to derive a formula for the absorption coefficient which is

valid for any frequency and any density of rain drops, as well as to
determine the region of validity of formula (9), a more detailed

analysis of the problem must be made.

RIGOROUS SOLUTION

' The problem of absorption of very short radio waves by suspended

particles of water has an exact optical analogy in the absorption of

light in colloidal solutions One of the first to treat this problem was
Maxwell Garnett' in an investigation of the colors of metal glasses. His

solution, however, gives only the absorption due to the finite conduc-

tivity of the suspended particles and does not take into account the

effect of -scattering. A detailed investigation of the optics of colloidal

suspensions in water was made by Mie,' and this work was then ex-

tended in a paper by Gans and Happel.4 The method developed in these

last two papers may be applied with but slight modification to the
present problem. Where applicable their results will be used directly

and the reader referred to the original papers for proof.

Very briefly stated, the mechanism of the phenomenon is as follows.

In air, characterized by unit dielectric constant and zero conductivity,

is suspended a drop of water of radius p and index of refraction m. The

origin of the coordinate system coincides with the center of the drop.

A plane primary wave falls on the drop which in turn is excited to emit

a spherical secondary wave. The resultant intensity at any point
outside the drop is given by the sum of the intensities of the primary

and secondary waves. The primary wave suffers a decrease in intensity

2 J. C. Maxwell Garnett, Phil. Trans., 203, 385; 1904.
3 G. Mie, Ann. d. Phys. 25, 377; 1908.
4 R. Gans and H. Happel, Ann. d. Phys. 29, 277; 1909.
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due first to absorption in the water of the drop and secondly to the
scattering involved in the emission of the secondary wave. li

Mie has calculated the intensity of a secondary wave from a spheri-
cal particle.5 Let the primary wave be plane, of unit amplitude, of
frequency v, and propagated along the negative z axis. In electro-
magnetic units

Ez, Hy, = - vE e21riP(t+z1v) (10)

where v =1/0/o is the phase velocity and 0 the dielectric constant of
air in e.m.u. It can now be shown that if the sphere is sufficiently
small with respect to the wavelength X, namely so small that the
fourth and higher powers of a = 2irp/X may be neglected with respect to
unity, it may, for calculating the radiation, be replaced by

1. An electric dipole of moment pie parallel to the X axis;
2. A magnetic dipole of moment p,,,, parallel to the y axis;
3. Two electric quadrupoles with moments p2a1 and p2,2 directed
as shown in Figs. 1 and 2.

X
x

Fig. 1 Fig. 2

(1) (1
I P2

I I = P22e) I = edxdz,

where edx and edz are the moments of the elementary dipoles which
form the quadrupoles.

The assumption that a'  < <1 is a restriction on the ratio of the
radius of the diffracting sphere to the wavelength. A second assump-
tion concerns the concentration. It will be assumed that the average
distance / between drops is so large that powers of p/1 greater than the
first may be neglected. In cases where this assumption is not fulfilled
the suspension of spheres or drops will have a material influence on the
velocity of propagation. Evidently the theory may be extended for
shorter waves and greater concentrations by considering multipoles of
higher order than the fourth. At this point we have recourse to the
physical data of the problem to determine whether our assumptions
are justified.

5 For an excellent form of this calculation see Debye, Diss. Munchen, 1908,
and Ann. d. Plus. 30, 57; 1909, and the article by Sommerfeld in Riemann-Weber,
"Differentialgleichungen der Physik," II, 495; 1927.

1
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The following data on clouds and rain arc taken from a standard
treatise on meteorology.a

TABLE I

Type of Precipitation Precipitation in mm per
hour

Diameter of drops
in mm

mgm of water per cu.
meter of air

Fog Trace 0.01 0.0
Mist 0.05 0.10 55.5
Drizzle 0.25 0.20 92.0
Light rain 1.00 0.45 138.9
Moderate rain 4.00 1.00 277.8
Heavy rain 15.00 1.50 833.3
Excessive rain 40.00 2.10 1851.9
Cloudburst 100.00 3.0 to 5.0 5401.4

A simple computation shows that if a4 <0.1, X must exceed 15 mm
in the case of the heaviest rain and 5 mm in that of a moderate rain fall.

Further calculations of the concentration and average distance
between drops result in the data of Table II.

TABLE II

Type Pin cm No. drops per cu. tin cm p//
meter

Fog 0.0005 1.14 X107 0.445 0.001
Moderate rain 0.05 530 12.3 0.004
Cloudburst 0.15 380 13.8 0.011

It will be seen from Table II that the condition p < <l is always fulfilled.
In Mie's paper the explicit expressions for the equivalent dipoles

and quadrupoles are found to be

p3 iii 1112 - vi
Pie= Es', (11)

c2 7n2 2w1

1 - VI
1)2m = P37111

2w1
I1', (12)

irp m2 - v2
P2, = -U2 (13)

c2x m2 + 111,2

where u, v and w are relatively simple functions of a to be discussed
below. An examination of (13) now shows that since p/X does not
exceed 0.1 for moderate rainfall and wavelengths greater than 5 mm,
the contribution of the quadrupole p2, may be neglected. In this ap-
proximation, therefore, the raindrop may be simulated by an electric
and a magnetic dipole.

The functions u1, v1, w1 are calculated from formulas to be found in
the paper previously referred to.7

6 W. J. Humphreys, "The physics of the air," 1920.
7 Ann. d. Physik, 25, 400; 1908.
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211

cos a sin a
(sin a - -

3

2a 1 - a2 ia

sin a

a
= m

sin 'ma

cos a

COS llia

'MO 1 +
=

2 1 - a' ia

cos ma sin ma
sin ma ±

ma m2a2

cos a sin a
sin a +

a a2

COS ma sin ma
sin ma +

ma m2a2

sin ma
COS 711a

(15)

ma

The physical data of Table I show that except for waves of the

order of a few millimeters a is small. We therefore expand (14), (15)

and (16) according to increasing powers of a and in conformance with

our original assumption, neglect terms of order higher than the third.

The expansions give

3 2
211 = 1 + -a2 - -la' - (17)

10 3

a2
111 = 1 -10(1 - m2) + (1 )

in2
1(4 --- 1 + a 2 1- - - ial - (

10

(19)

9,12 - vl 7112 - 1 3 m2 -2 2ia3 2112 - 1
(20)a = u 1 +

nt2 2w1 9112 + 2
a2

9n2 + 2 3 m2 ± 25

1 - v1 a2
b = 1) (21)

211 = -(1112 - .

1 + 2w1 30

From the expressions for the electric and magnetic dipole moments

as explicit functions of the time may be calculated the secondary
radiation from a drop of water. It will be seen upon examination of

(20) and (21) that in the limiting case of very small drops or very long

waves the magnetic dipole pr, vanishes and the electric dipole Pie of

(11) goes over into the form:of (3). In that case the absorption was
attributed entirely to scattering and was found by multiplying the
secondary radiation from one drop by the number of drops per unit
volume. Now the absorption coefficient will.be determined from the
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;omplex dielectric constant and permeability of the suspension of
water in air. The absorption of the radiation in water is taken into
iccount through the complex form of the index of refraction and the
scattering by the imaginary term in (20). It may be remarked that
;he fourth -order terms in the expansions (20) and (21) are both real.

It is necessary to distinguish carefully between the field intensities
Ind the exciting forces in a medium. The electric and magnetic field
ntensities at any point determine the Poynting vector or energy flow
it that point. They will be indicated by E and II, respectively. The
exciting forces E' and H' are forces which excite the electric and mag-
ietic dipoles into oscillation:and emission of secondary waves. The
;wo will be identical only in the case of vanishingly small concentra-
;ions.

The relation between the exciting forces and the field intensities,
'or any concentration, is

47rc2
E' = E 3PP.

47rH = H + -M.
3

(22)

(23)

Here P is the electric polarization per unit volume, or the product of
the average electric dipole moment and the number of dipoles per unit
volume. The magnetic polarization M is defined analogously. In the
.present notation

4r
E=' = E5

3
Np3aE5'

4rHi =11,-F3 p3bH '

EE =
4r

1 - -Np3a
3

H = H,
47r1 -
3

Np 3b

The relations between electric and magnetic displacements and
their corresponding field intensities are

D = EE = 013 + 47rP
B = µ1I = H 4r/If

(24)

(25)

(26)

(27)

(28)
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eo is the dielectric constant of air in e.m.u. and  and y the complex

dielectric constant and permeability respectively of the suspension.

4rNp3a
e = eo [1 +

1 - -Np3al
4r
3

= 1 + 4r
1 -

3-Np3b

4rNp3b

(29)

(30)

The equation for the plane, homogeneous waves considered here is

satisfied by

= E "z) (31)

Vey is the phase velocity only in the case of real values of e and A.

Put
11 -i1:

(32)

= Eoe(-27/c:iX)-i-4i(t-nz/c) (33)

From (32) it is easy to show that

IN/ [Re(ep) 2 + [I in(eµ)]2 - Re(eµ) (34)=

where R. and Im stand for the real and imaginary parts respectively.
In gaussian units, in which e0=1, we have

K2 = 1,[\/[1?e(eµ)]2 + [I in(eA)J2 - Re(eµ)]. (35)

Putting d =.17i-Ny3/3 and expanding e and 12 according to powers of

d we obtain
e= 1 ± 3da + 3d2a2 ± . (36)

y = 1 ± 3db + 3d2b2 ± - . (37)

Recourse to the physical data again shows that powers of d higher
than the first may be neglected, and the terms retained give for Ey

in2 - 1
+

3 m2 - 2
eii = 1 + 4rNp3

ni2 + 2 5
a'

m2 ± 2
a2 2ia3 ,n - 1

+ -(m2 + 2) - (38)
30 3 m 2 ± 2
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In taking the real and imaginary parts of (38) it must be recalled
that if the water absorbs the wavelength considered, m is complex.

 Experimental data to be given later on show that selective absorption
may be neglected for wavelengths of the order of 50 mm or more and m
is real. On the basis of this assumption we find

m2 - 1 3 m2 - 2 a3
Re(ett) = 1 3d 1

30(.»a2
2)]. (39)+

+ 2 ± 25

Im(eµ) 2c/a3
m2

-1
2

(40)= -
nt2 + 2/

Evidently Re (1.)> Im(ey) and may be expanded by the binom-
ial theorem. Expanding and neglecting powers of d higher than the
first we obtain

K_
Im(ett) 32 74/36N (m2 -

2 3 X3 't/z2 +
(41)

The absorption coefficient due to scattering is then

271-K 647r5p61\r 1 2

= (42)
3X4 nt2 + 2/

This is identical with formula (9), from which it may be concluded
that the simple assumptions of the Rayleigh method are justified for
wavelengths greater than 40 to 50 mm. For smaller values of A the
complex form of m must be taken into account in (38), and if the
investigation is continued for values of A less than about 5 mm, higher
powers of a must be included in the derivation of (38).

DISCUSSION OF RESULTS

In Table III are summed up the results of numerical computations
of scattering coefficients. Three typical cases are chosen, representing
the entire range of meteorological conditions. In the columns headed
Z are given the distances in kilometers that the wave must travel in
order that the intensity be reduced to one -tenth of the original value.

TABLE III

X =100 ems X = 50 cols X =10 ems X =5 ems

a Z .o Z a Z a Z

Cloudburst
Moderate

rain
Fog

8.86 X10-11

16.9 X10-14

2.6X104 1.4X10-11

2.7 X10-"

1.6 X106 8.86X10-^

16.9 X10-12

2.0X104

1.3 X106

1.4X10-7

2.7X10-14
5.7X10-14

1.0X102

8.5 X101
4X1012

It is evident from these calculations that the scattering, of radio
waves of length greater than about 5 cm is absolutely negligible.
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Beyond this point it increases very rapidly. For example, neglecting
for the moment the selective absorption which also sets in in this
region, we find corresponding to X=1 cm in moderate rain, a value of
Z equal to 1.3 X102 km.

In Table IV' is to be found data on dispersion of electromagnetic
waves in water.

TABLE IV

Xincm

0.42 5.33 1.2S

0.S4 5.6s 1.49

1.10 6.27 1.44

1.50 6.62 1.S3

1.S0 I. 2.32

*J.70 S.45 2.2G

Here n is the index of refraction and , the coefficient of absorption.
They are related to the dielectric constant by

E = //2- ti.2 

It will be observed that water absorbs strongly in the region about X

=2 cm. Absorption bands have been found for considerably lower

frequencies but the magnitude of the corresponding absorption coeffi-

cients is small.
The general conclusions to be drawn are that rain and fog have no

effect on the propagation I If radio m ayes of the frequencies now em-
ployed. Hain first begins to markedly influence the propagation of waves
less than S cm in length. Thereafter the absorption increases very rapid-
ly With derreasing Avavelen!_rth due both to scattering and the selective
absorptiiin of the Nra I or molecule. Infra -red radiation should not,
therefore. pn,vc satisfactliry for communication purposes through
heavy fog. Th.. absorption coefficient for this case has not been cal-
culated, but may be readily 4.btained from the formulas. Although the
wavelengths in the infra -red region are very much shorter than those
considered Ill'11% the c4 Indit ion that a'< <1 is not violated since the
radius of a rain drop is about 100 times that of a fog particle. For fog
the formulas given in this paper are valid for wavelengths exceeding

0.05 thin, provilled the complex form of the index of refraction in
is used.

From (29) may be calculated the coefficient of reflection of the
bounding surface of a cloud or bank of fog. The amount of energy
reflected in Stlell a erase proves to be negligible, as has already been
shown by Pederson.''

' J.1). Tear, i'by., /i.t.. 21, tit I; 1923. ( '1. also tit, :al iclo 1,v \V. Itoinatioff in
the Iliindfilich der l'hy,i1:, XV, 1927. I

P. ( ). redprs.,n, -The Propagation of Radio \Vaves,- C(Tenlingen, 1927. !

!

!
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METEOROLOGICAL INFLUENCES ON LONG-DISTANCE,
LONG -WAVE RECEPTION*

BY
EITARO YOKOYAMA AND Tomozo NAKAI

(Electrotechnical Laboratory, Ministry of Communications, Tokio, Japan)

Summary-(1) The received field intensity was less affected by the variations
of the meteorological elements in the environs of transmitting stations than by those of

the receiving station. (2) The field intensities for both daylight and night reception.
varied inversely with the changes of atmospheric temperature and absolute humidity
on the receiving side. This was in agreement with the daylight results obtained by
Austin and Minohara. (3) The intensity -pressure relation was not found to be so
apparent as in the case of (2), though in the monthly average variations the field
intensity seemed to have direct relation with atmospheric pressure in summer and

inverse relation in winter. (I,) The influence of weather on the field intensity was
found to be still less clear than in the cases of the above -mentioned three meteorological

elements.

GENERAL CONSIDERATIONS

THE QUESTION as to whether the meteorological elements,
such as atmospheric temperature, humidity, and pressure,
affect the propagation of electromagnetic waves has already

been discussed by a number of physicists and radio engineers. Some
correlations of the reception of radio signals with these elements have
also been analytically studied by the authors from the results of a series
of the field -intensity measurements' which were conducted respectively
at a certain fixed time of day during the period of more than one year
extending from the autumn of 1926 to January, 1928, for several
stations whose transmitting wavelengths were from 10,000 to 20,800
m, the distances between the transmitting and receiving stations being
as far as from 3,000 to 11,000 km.

To make a competent investigation of such a nature, however, it
will be necesary to know the meteorological conditions over the entire
route of wave propagation. It will be extremely difficult to gather
such data, especially if the existence of waves propagating through an
upper atmosphere is taken into consideration. In the present study,
therefore, meteorological elements in the environs of transmitting and

. receiving stations are merely referred to.
* Dewey decimal classification : R113.5. Presented before the World

Engineering Congress, Tokio, Japan, October, 1929.
1 Yokoyama, E. and Nakai, T., "The measurements of the field intensities

of some high -power long-distance radio stations. Part I: Bolinas and Bordeaux."
Electrotech. Lab. Researches No. 299, June, 1928; Ditto, Part II: Malabar,
Palao, and Rugby, No. 233, July, 1928; Ditto, Part III: Kahuku, Pearl Harbor,
and Saigon, No. 238, Sept., 1928; Ditto, Part IV: Warsaw, Tananarive, and
Monte Grande (in press.)

1075



1076 lolopanua and lal.ai: Meteorological Influences on Reception

As the results of their analytical investigations, it has been found
that the received field intensity was less affected by the. meteorological
elements in the localities of transmitting stations than by those of the
receiving station. As one of the examples, the results of measurements
for Kahuku are shown in Fig. 2 indicating that the field intensities
vary markedly in accordance with the variations of the three meteor-
ological elements on the receiving side in spite of no appreciable
variations of those on the transmitting side. In this paper, the relation
between the field intensities and meteorological elements on the re-
ceiving side is mainly considered.

Among many observed stations, only six stations-Bolinas, Bor-
deaux, Kahuku, Malabar, Rugby, and Warsaw-are selected by the
authors for comparison; the remaining stations have been considered
unsuitable because of some other factors masking the phenomena
or because of lack of data sufficient. for this particular analytical
study.

For those stations selected above, the correlations of both the
monthly average and the daily variations of field intensities with
meteorological elements are considered. Of these two cases, the latter
relations are not found so distinctly as .the former. It seems to be a
natural consequence to induce the latter relations to be of vaguer
results than the former, as there are several other factors affecting
field intensity, such as solar constant, sunspot., terrestrial magnetism,
etc. If a study for the correlations of field intensities with meteorolog-
ical elements could, however, be made throughout. an entire path of
wave propagation, they might be shown more clearly.

If a certain intercorrelation be found among the meteorological
elements themselves, all the relations under consideration will be
clearly obtained by finding only that of the field intensity with one
of the elements. As temperature is closely related to humidity, the
relation of field intensity with the latter element will be omitted from
the present discussion, but as temperature is not closely related with
pressure. the relation (if field intensity with pressure will also be dis-
cussed in equal detail.

(.4fitHELATIoNs BETwEEN TuE MI)NTut..1- AvEnAGE VARIATIONS

The monthly average variations of the received field intensities
from two of the six observed stations and corresponding three meteor-
ological elements on the receiving side are plotted as shown in Figs.
1 and 2.

For Bordeaux, liugby;and Warsaw, the measurements were made
respectively at a certain fixed tittle of day when the influence of the
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seasonal shiftings of the sunrise and sunset times on the values of re-
ceived field intensities had been found by some experiments to be

 practically negligible. In the cases shown in Fig. 1, for example, field
intensity varied inversely with temperature, while it had a tendency
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Fig. 1-Monthly average variations of field intensities and meteorological
elements.
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to change with pressure directly in summer and inversely in winter.
The intensity -pressure relation was not found so clearly as in the case
of the intensity -temperature relation. The authors wish to point
out here that each experiment mentioned above can be treated as
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all -day or all-night transmission, though the daylight transmission
includes a slight portion of the night transmission at one end, and vice

versa.
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For another group of the stations, Bolinas, Kahuku, and Malabar,
for example, as seen from Fig. 2, all the relations were just the re-
verse of those of Bordeaux and others. It seems to result from the fact

A

fl
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that the measurements happened to be carried out at a time when the
sunrise and sunset gave an appreciable influence on the values of field
intensity. On the other hand there are, however, some reasons to at-
tribute it to the fact that the reception from the former group of
stations is of overland, whereas that from the latter group is of over -
sea. A further discussion on this particular point will be left for some
other occasion. All the experiments for Bolinas and others were con-
ducted under a condition of either all -day or all-night.

Though, as stated above, the measurements were carried out in
both daytime and nighttime, no apparent difference was noticed in
the relations between the two.

0 z

CO W In ZO

OCT., 1926
NOV.

DEC

JAN., 1927
FEB.
MAR.

APR.

MAY
JUNE
JULY
AUG.

SEPT.

OCT.

NOV.

DEC.

JAN., 1928

I II II
t+

.

4
i i ,

0- - -* -4
i -91 -433---i + 1- -4- -4-4--
4 44---.3.- -4- 4 --0---4-4,--

--7i
,

4+. CI" * 4- _4 -4- --4-4---

--4-------)11---1-4-
4- 4--4-4-

---'1"- if -if--+-------+I---pi

---------*1,--4-4--H--
4,- 1

+ i.

"'- i--f -4--

o- +- -4)-f---
- 4- - +1,--
i-

- -1,-*--
r ----L---efri - 

41 -
i - it-il i- de-

, _;. -1.-....-.
1

1 ;

--- --- ----,+--i-r- 4 I.
T

--. -t- -y- -
.. . 1

- - if - -- - - - r!- -gm- --r
1

-I -4- -4- -

.

-4- 4.i___ii 4_ i -t -I- -6--
I I I

--II-- - - .--. -4j---+- - - -_1 - - - - - ---1,----- ---- ---*--
--1---------4., . 7 r

, . . . . . 1.
7 a

All P11
9 10 11 12 I 2 3

JCST
4 5 6 a 9 lo

Fig. 3-Correlation of field intensitiy with temperature on the receiver side.
0 Cases in direct relation
 Cases in inverse relation
x No observation

CORRELATIONS BETWEEN THE DAILY VARIATIONS

For the comparative study of the daily variations, the deviations
from the monthly average values are considered only in order to elimi-

nate the effects of sunrise and sunset.
Figs. 3 and 4 are plotted to show respectively how the deviations

in the field intensity and the corresponding temperature or pressure
were, for month, and for day and night, distributed all over the ob-
served period. When an inverse relationship was found for a certan
number of days in a month, a black circle has been marked for that
month regardless of the length of duration, while a white circle has
been marked when direct relationship was found. The accompanying
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table shows the percentage ratios of the number of days on which the
received field intensity varied directly or inversely with temperature
or pressure, to the total number of days observed.

In view of the fact that some possible errors might come in from
the field -intensity measurements, only such particular parts have been
counted in Figs. 3 and 4, as well as in the 'table, that the differences
in the field intensities observed on any two consecutive days were
greater than 20 per cent during the period from June to September
when the atmospherics are prevalent, and greater than 10 per cent
during the remaining period of the year. This lasted over four con-
secutive days observed. The maximum range of variation in field
intensity which is inversely related with temperature was found to
be nearly 100 per cent of monthly averages. An example illustrating
the field -intensity -temperature relation is shown in Fig. 5 where the
inverse relation is recognized.

Name of
Stations

Time of
Measurements
J. C. S. 1'.

1/Tin Percent D/T in Percent

Temperature Pressure Temperature Pressure

Bolinas 7:40 A.m. 21 30 3 13
9:50 P .Nt. 29 7 6 20

Bordeaux 10:40 A.m. 16 4 14 7
S:20 P.M. 21 19 4 S

Kahuku 0:00 P.M. 39 6 10 13
2:00 p.m. 30 27 12 11

Malabar 10:00 A.M. 6 11 2 5
4:30 P.m. 9 13 0 2S

Rugby 11:00 A.N1. 16 15 9 10

Warsaw 9:50 A.M. 26 19 S 0
9:20 P.M. 17 S 9 7

.1. C. S. T. =Japan Central Sta idard Time
I =Number of days on which field intensity varied inversely with temperature or pressure
D = Ditto directly
T = Total number of days observed

As seen from Fig. 3, the intensity -temperature relations were not
found so clearly as in the case of the monthly average variations,
part changing directly, and part, inversely. It is, however, seen from
the table that a greater percentage ratio has always been found in
the inverse relation than in the direct relation, irrespective of the
overland and oversea stations, which is not in agreement with the
results obtained for monthly averages, though, for a majority of the
total number of clays observed no relation could he found between
field intensity and temperature.

Also, no difference was noticed for the above relation in the ob-
servations in both clay and night as in the case of monthly averages.

As shown in Fig. 4 and the table, the intensity-pressure relations
were still vaguer, nearly one half changing directly and the other
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calf changing inversely, and indicated no such similarity as in the
3ase of the monthly average variations, where the field intensity
varied directly with pressure in summer and inversely in winter.
However, to venture a closer analysis, what is in inverse relation seem
to be slightly greater in the daylight observations, while the case is
reversed at night.

Although it might be one of the essential points of this investi-
gation to determine whether the daily variations of the field in-
tensities and of the meteorological elements be in leading or lagging
phase relations, this kind of analysis could not be done, since the above
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measurements could not be conducted clay by day but clone desultorily
about ten times a month.

It has already been known that in Japan, temperature and absolute
humidity have similar tendencies in variations. Even in that relation
the analytical study of the present cases reveals the fact that the
number of days in the normal relation was only 37 per cent in daytime
and 62 per cent at night of the total number of days observed, though
the number of days in inverse relation was as small as 3 per cent and
0 per cent respectively. As such was the case even in the two elements
which are on direct causual dependence, it may also be said that the
relations between the field intensities and the three meteorological
elements are unexpectedly clear.
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INFLUENCE OF WEATHER

The relations of field intensity with the change of weather were
far less distinct than those with the three meteorological elements.
Nevertheless, the increase of signal strength due to the change of
weather from "cloudy" or "rainy" to "clear," and the decrease of the
same on account of the change of weather from "clear" to "rainy" was
noticed comparatively well, but even in those cases, they only reached
a percentage as small as 17 per cent against the total number of times
for the changes of weather. It must be mentioned that the definition
distingrishing "clear," "cloudy" or "rainy" was not of a scientific
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nature, but it was conventionally defined by mere amateur observa-
tions. Such obscure relations will naturally result from the fact that.,
though there is a close relation between weather and atmospheric
pressure, a relation is scarcely found between field intensity and
pressure.

RESULTS OBTAINED BY OTHER INVESTIGATORS

One of the authors' conclusions that the field intensity varies
inversely with atmospheric temperature on the receiving side, not
only in monthly averages but also in daily variations, is in agreement
with the results of Austin' who studied the phenomenon with daylight
waves of 13,600 and 15,900 m at short. distances of 2S1 and 251 km,

2 Austin, L. W., and Wymore, I. J., "Radio signal strength and temperature,"
PROC. I.R.E., 14, 781; December, 1926.
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lnd with those of Minohara'-who-did the same with daylight waves of
11,490 m at a distance of 6,400 km. Pickard,' however, obtained
a different result with night waves of the broadcast frequency band at
distances from 640 to 1,120 km, that the daily variations of field
intensity are directly in accordance with those of temperature, and
inversely with those of pressure on the receiving side. In the authors'
experiments, the 'results were both on the contrary (Figs. 3 and 4),
though the intensity -pressure relation was not found so clearly as
stated above. The question must be left for a future study as to
whether they are caused by the difference in wavelengths or not. On
the other hand, Bureau' stated that field intensity changed when a
receiving station or a transmitting station or both were attacked by
anti-cyclons, or when the party stations were separated by a surface of
discontinuity. This kind of study is also under the consideration of
the authors.

The following basic questions are still unsolved : Is one of the three
meteorological elements the direct cause to change the field intensity
or do the other two affect it indirectly? Or is there anything else which

will be the chief cause of the effect?
Acknowledgment is due to Prof. Fujiwara, meteorologist, who

kindly gave the authors valuable advice in the course of the present
study.

' Minohara, T., "On the radio field intensity of time signal sent out by the
Pearl Harbor Station, observed at Tokio," Jour. I. E. E. (Japan), 47, No. 464,
225; March, 1927.

' Pickard, G. W., "Some correlations of radio reception with atmospheric
temperature and pressure," Pnoc. I.R.E. 16, 765; June, 1928.

Bureau, R. "Les influences meteorologiques sur la propagation des
ondes," U. R. S. I., Document No. 51, December, 1924.
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BOOK REVIEW

The Radio Manual, 2nd edition, by GEORGE E. STERLING, edited by
ROBERT S. KRUSE. Published by D. Van Nostrand Company, Inc., 250
Fourth Ave., New York. 797 pp., price $6.00.
"The Radio Manual" is a strictly non -mathematical book with the strongest

appeal to those who expect to enter the radio profession as operators or inspec-
tors, although it is addressed to engineers and service men as well. It answers a
multitude of questions on the installation, upkeep, operation, and control of
nearly every form of commercial radio apparatus and equipment. It affords
detailed information on broadcast transmitting, commercial transmitting and
receiving, and radio technique in general.

The first six chapters are devoted to a discussion of elementary electricity
and magnetism, motors and generators, storage batteries, vacuum tubes, funda-
mental vacuum -tube transmitting circuits, and modulating systems. This is
followed by a short chapter on frequency measurements and field -strength meas-
uring apparatus. Chapters 8 to 11 deal with transmitters of commercial types,
marine vacuum -tube transmitters, W. E. broadcast transmitters, arc and spark
transmitters. Commercial radio receivers are described in the next chapter.
The auto -alarm described in Chapter 13 is a device to waken the operator when
no one is on watch in order that he may receive an SOS call. Radio direction
finders and their operation as used by Ti. S. Lighthouse Service are next discussed.
This is followed by a chapter on aircraft radio equipment, including the radio -
beacon development of the Bureau of Standards, and different types of receivers
and transmitters for aircraft. The remaining chapters are devoted to amateur
short-wave apparatus, television and radio movies, radio interference, radio laws,
and the handling and abstracting of traffic.

The general method of treatment is to give detailed descriptions, directions
for operation, maintenance and trouble shooting for typical commercial appara-
tus such as R.C.A. marine transmitters, W.E. 5 -kw broadcast transmitter, and
Federal arc transmitters.

The principal errors in the book are the figures of Chapter 2 which show the
field poles of the motors and generators incorrectly wound.

 Bureau of Standards, Washington, D. C.
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BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED

Two new bulletins of Jenkins and Adair, Inc., 3333 Belmont Ave., Chicago,
have recently become available. Bulletin No.11 describes a condenser transmitter
control panel, with which the broadcast operator may control three condenser
microphone positions. Bulletin No. 12 lists a line equilizer for 500 -ohm broad-
cast. or telephone transmission lines.

Norden-Hauck, Inc., Philadelphia, has available for distribution a data
sheet describing their Super DX -5, an a -c operated high -frequency receiver using
a pentode in the radio -frequency amplifier, and having a push-pull audio ampli-
fier.

A copy of the data sheet describing a test. panel for service men may be ob-
tained from Norden-Hauck, Inc., Delaware Ave. and South St., Philadelphia.

A leaflet describing their new receiving equipment may be obtained by ad-
dressing a request. to Pierce-Airo, Inc., 117 Fourth Ave., New York City.

The Condenser Corp. of America, Jersey City, N. .T., issues a leaflet de-
scribing by-pass condensers for radio receiving equipment.

Bulletin 90 of the United Scientific Laboratories, 113 Fourth Ave., New
York City, describes midget and ganged condensers for manufacturing assem-
blies.

A 20 -page catalog illustrating the use of pyrex radio insulators, and a folder
illustrating the more important pyrex insulators devoted to aviation installations
may be obtained from the Corning Glass Works, Corning, N. Y.

"About Vitreosil", a 16 -page booklet. describing the properties and applica-
tions of fused silica, and a price list., "Vitreosil for the Laboratory" will be sent
to anyone sending a request for these publications to the Thermal Syndicate
Ltd., 58 Schenectady Ave., Brooklyn, New York.

"Polymet Engineering Manual" a loose-leaf folder giving dimensions,
specifications, and engineering data on fixed condensers, fixed and variable re-
sistors, and form wound coils, will be sent to executives requesting this material
on their letterheads. Requests should be addressed to Polymet Manufacturing
Co., 8294 E. 134th St., New York City.

Herbert H. Frost., Inc., of Elkhart., Ind., has for distribution an S page cata-
log describing standard Frost radio products as carried in stock and ordinarily
distributed through jobbers. A 4 -page catalog describing merchandise built to
order for manufacturers is also available.

The numerous uses of variable resistors are outlined in the catalog of the
Central Radio Laboratories, 16 Keefe Ave., Milwaukee, Wis. Copies of this
booklet are available.

A folder containing sets of blueprints of the radio tube partsrmaufactured
by Sigmund Cohn, 44 Gold St., New York, will be sent to any interested reader
upon request.

A 32 -page copy of "The Gateway to Better Radio" may be obtained by ad-
dressing the American Mechanical Laboratories, Inc., 285 North Sixth St..,
Brooklyn, N. Y.

Price List No. 21 of A. M. Flechtheim & Co., 136 Liberty St., New York
City, lists fixed condensers for replacement and manufacturing purposes.

"Radio Simplified", a 32 -page booklet which gives a popular outline of the
manufacture and use of vacuum tubes, and bulletins listing the complete line of

De Forest transmitting and receiving tubes, are available from the De Forest
Radio Co., Passaic N. J.
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Several leaflets have recently been received from the Dubilier Condenser
Corp., 342 Madison Ave., New York, N. Y. One of these is a descriptive folder
and price list of fixed condensers for receiving and transmitting equipment; a
separate sheet lists replacement condenser blocks for power-pacics and A and B
eliminators. A filter network for the reduction of interference in radio receivers
is described in Form No. 164. A mimeographed leaflet contains technical in-
formation concerning high -voltage condensers for radio transmitting equipment
or carrier current transmission while another mimeographed leaflet describes
an untuned radio -frequency transformer for use with broadcast amplifiers using
screen -grid tubes.

A complete line of dynamic loud spearkers for the home, theatre, or audi-
torium is described in a folder issued by the Oxford Radio Corp., 2035 Pershing
Place, Chicago,

"Audio Transformers by Sangamon is the title of a booklet issued by San-
gamo Electric Co., Springfield, Ill., and dealing with the characteristics of audio -
amplifying transformers and chokes. Mica -insulated receiving and transmitting
condensers of small capacitance are also listed in the booklet.

A custom-built receiver is described in the Hammarlund HiQ-30 Manual,
obtainable for twenty-five cents from Hammarlund-Roberts, Inc., 424 W.
33rd St., New York, N. Y.

The International Resistance Co., 2006 Chestnut St., Philadelphia, Pa.,
publishes at intervals a number of engineering bulletins which will be sent to
readers upon request as the bulletins are issued. The following bulletins have
been issued to date:

"Concerning Precision Audio Resistance Amplifiers for Television and Labo-
ratory Experimenters," Engineering Bulletin No. 4.

"Loud Speakers," Engineering Bulletin No. 5.
"Dynamic Loud Speakers," Engineering Bulletin No. 6.
"A New Precision Resistance -Coupled Amplifier and Associated Power

Supply," Engineering Bulletin No. 7.
"Fixed Resistor for Replacement Problems," Eng. Bul. No. 8.
"Precision Wire -Wound Resistors," Engineering Bulletin No. 9.
A series of pamphlets is in preparation by the Allen D. Cardwell Manu-

facturing Corp., 81 Prospect St., Brooklyn, New York. The following pamphlets,
which will be mailed upon request, are now ready for distribution: "Cardwell
Receiving Condensers," "Cardwell Transmitting Condensers," "Cardwell High -
Voltage Condensers."

Rubber -covered wire and cables are described in the "Insulated Electrical
Wires and Cables" catalog of the Rome Wire Co. of Rome, N. Y. Their catalogue,
"Super Service Cord and Cable" concerns rubber -covered cables intended to have
long life under unusually severe conditions. Both catalogues may be obtained
upon request.

The following extracts of articles which have recently appeared in various
journals and magazines have been made available in convenient loose-leaf form
and may be obtained from Lefax, Ninth and Sansom Streets, Philadelphia:
"The Pentode Tube," "Constructing a Modulated Oscillator," "Audio -Fre-
quency Amplification With Screen -Grid Tubes," "A Dry Cell Screen -Grid Tube,"
"Some Facts About Acoustics in Cabinets," "Revolutioning High -Frequency
Tuner D3sign," "Public -Address and Centralized Radio Systems," "Additions
and Revisions to Broadcasting Stations."

1
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A 24 -page "Vest -Pocket Manual of Phenolite," obtainable upon request
from the National Vulcanized Fibre Co., of Wilmington, Del., describes some of
the numerous applications of laminated bakelite.

Bulletin No. 830, of the Roller -Smith Co., 233 Broadway, New York,
lists a number of recording instruments. Graphic ammeters, voltmeters, and
millivoltmeters for direct current, and ammeters, voltmeters, wattmeters, and
power -factor meters for alternating current are listed. A tester for dry cells is
described in Supplement No. 2 of Bulletin No. 210 of the same firm.

The Eisler Electric Corp., 744 South 13th St., Newark, N. J., has recently
issued a catalog listing the various machines employed in the manufacture of
vacuum tubes, photoelectric cells, neon sign lamps, incandescent lamps, and
similar glass products.

Rheostats and potentiometers, Mith current carrying capacities up to 150
watts, and with resistor units up to 2000 ohms are described in a recent bulletin
of the DeJur-Amsco Corporation. Copies of this bulletin will gladly be sent to
those addressing a request to 418 Broome St., New York N. Y.

A mimeographed sheet giving specifications for high -voltage transformers
for vacuum -tube plate -supply systems and a blue -print showing the regulation
of these transformers has been received from the Hilet Engineering Co., of
Orange, N. J. Another mimeographed sheet gives specifications of choke coils
for filter systems of plate -supply systems. These data will be mailed upon request
to those interested in this equipment.



Proceedings of the Institute of Radio Engineers
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MONTHLY LIST OF REFERENCES TO CURRENT RADIO
LITERATURE

r -1 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 the
professional radio engineers which have recently appeared in periodicals,

books, etc. The number at the left of each reference classifies the reference by
subject in accordance with the scheme presented in "A Decimal Classification 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 Super-
intendent of Documents, Government Printing Office, Washington, D. C. The
various 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. RADIO COMMUNICATION

R007.1 Caldwell, L. G. Practice and procedure before the Federal Radio
Commission. The Journal of Air Law, 1, pp. 144-185; April, 1930.

(The powers and duties of the Federal Radio Commission under the Radio Act of 1927
as amended are classified and reviewed. The procedure followed by the Commission in
exercising its quasi -legislative and its quasi-judicial functions is explained at length.
The treatment is critical as well as explanatory.)

11007.9 Premiere reunion du Comae Consultatif International de Radio-
electricite. (First meeting of the International Consulting Committee
on Radio.) L'Onde Electrique, 9, pp. 75-92; February, 1930.

(A report is given of the work of the International Consulting Committee on Radio at
the Hague Conference, 1929. (Concluded.))

8100. RADIO PRINCIPLES

8111 Kaplan, C. and Murnaghan, F. D. On the fundamental constitutive
equations in electromagnetic theory. Phys. Rev., 35, pp. 763-777;
April 1, 1930.

(The absolute significance of the constitutive relations in electromagnetic theory
is investigated. Various assumptions as to the isotropic character of the space-time
continuum are made to examine what simplifications are thereby introduced.)

P.113 Potter, R. K. Transmission characteristics of a short-wave telephone
circuit. Pnoc. I.R.E., 18, pp. 581-648; April, 1930.

(A method of observing and recording the audio -frequency transmission characteristics
of a short-wave radiophone channel is described. The characteristics are found to undergo
rapid changes, apparently the result of wave interference and progressive changes in the
angle of rotation of the polarization plane with frequency over the signal band. It is
indicated that changes in the transmission path are progressive rather than erratic.
Various types of distortion and fading are discussed at length and seasonal effects are
noted. Many specimen records of double- and single -side -band transmissions are given.)

It113 Kenrick, G. W. and Pickard, G. W. Summary of progress in the study
of radio -wave propagation phenomena. PROC. I.R.E., 18, pp. 649-
668; April, 1930.

(Recent progress in the study of radio -wave propagation phenomena is reviewed in the
light of the history of the art. The development of the art through 1927 is outlined. The
discussion of recent advances concerns publications on the Sairmer-van der Pol echoes
and their interpretation, progress in hennelly-Heaviside layer height determinations,
and experimental studies in transmission and magnetic and solar correlations. The need
of further consistent observations and other means of investigation is pointed out. A
bibliography is included.)
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11 13.3 Tanintura, I. Some experiments on night. errouk.3 for long waves.

Pear. 11.R.E., 18, pp. 71S -722; April, 1930.

(The results of experiments on night errors observed for a 19.7-kc station located at a
distance of 1.15 kin are described. They are compared with the results of a theoretical
analysis following methods used by Eckersley, and good agreement is found. Cyclic
variations of hearings are noticed it sunset and sunrise, the innNinillta shifts being about
:10 (leg. At the moments of IMINI llll 1111 shift the bearings are distinct whib they are broad

otherat ttttt ment 44.1

13113.4 Appleton, E. V. On some measurements of the equivalent height of
the at mospberic ionized layer. Pror. Royal Sor. (London), 126(a),
pp. 542-69; March 3, 1930.

(The results of series of early morning measurements of the equivalent height of the
ionized layer for waves are recorded and discussed. Measurements were made by
the "frequency -change" met hod, the theoretic -al basis of which is analyzed. Deviations
from the normal type of nocturnal variation of equivalent height are noted. and n theory
of regional distribution of ionization is presented Is n possible explanation ..f the devia-
tions.)

H113.6 Strutt, NI. .1. (1. Rellexionsmessungen mit sehr kurzen elek risehen
and mit a kustisehen Wellen. (Reflection measurements with very
short electrical anti acoustical Wa yes.) Elek. Nrieb. Tech., 7, pp.
71; February, 1930.

triehl-intensify measurements were made in a vertical plane of the radiation from a
high-frequelicy electric oscillator and from an acoust ic oscillator. The effects of the ground
renditions and intervening objects !between the transmitter and receiver were observed.
A short explanation of the rein( honship between the direct and reflected waves according to
the theory of Sommerfehl is included.)

13125.1 B. L. Entlio direction finding by transmission and re-
ception. Nature (London), 125, pp. 530-532; April, 5, 1930.

(The principles of radio direction finding and their application to navicatisan are out-
lined. Errors encoutit ere,I in pra et ice due to spurious eleetr t ive forces, antenna effects.
and to special eondit ions in the transmission path are discussed. Results of tests are given
to indicate the reliability of radio direction finding as applied to marine navigat
Special attention is given to night error and its eniise,a.)

R.133 Sears, F. W. Int egraph solutions of electron orbits in the Barkhausen-
Kurz effect.. Tour. Fronklin Institute. 209, pp. 459-472; April, 1930.

(The conti tttt otts integraph is used to trace the orbits of an electron oscillating within
the filament -plate space of a a -electrode vile tube. such oscillations being presumably
the origin of the Harklutusen-Kurz effect. The effects of space charge. initial velocity
of emission, and amplitude of oscillation are considered. The results check and extend
those of p zov found by other methods.)

11133 Moore, W. H. Ultra -short radio waves. Jour. Frank/in histitutc,
209, pp. 473-483; April, 1930.

(A review is given of the work of various experimenters up to the present time in the
production of ultra -short radio waves. Generators employed successfully are briefly de-
scribed and the power obtainable with each is stated. Methods used in determining the
exact frequency of the oscillations produced are outlined.)

11133 Ito, V. Theorie der Zweielektrodenrohren and Erzeugung elektrischer
Sehwingungen von extra niedriger Frequenz. (Theory of two -
electrode tubes and the production of oscillations of ultra -low fre-
quency.) &I/$..177/. llochfreq. 35, pp. 67-75; February, 1930.

(The theory and operation of n two -electrode tube is discussed as detector, ampi fi
and oscillation generator. By coupling the plate circuit of the tube back into the pos itive
filament lend, either by transformer, inductive or capacity coupling, variations inn the
space current. are produced which arc in phase with the plate current. and hence oscilla-
tions are built up. A considerable mathematical treatment is given of the frequency and
amplitude of the oscillation produced. (Concluded.))

11.133 Hollmann, H. E. Zusammenfassender Bericht-Die Erzeugung
kurzester elektrischer Wellen mit Elektronenrohren. (Summary
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report-Production of ultra -short waves with electron tubes.)
&its. fur Ilochfreg., 35, pp. 76-80; February, 1930.

(Methods are described for obtaining electric waves of lengths as low as 5 cm. Directive
two-way telephone communication with a 17 -ern wave over distances up to 25 miles is
reported. (Concluded.))

8134.75 Watts, E. G. Jr. Considerations in superheterodyne design. Pnoc.
I.R.E., 18, pp. 690-694; April, 1930.

(Factors involved in the suppression of the characteristic double response of the
superheterodyne receiver are considered. Design details are given for the oscillator
circuit, and oscillator -modulator coupling, as affecting the inherently uniform response
characteristics. A method of aligning the circuits for single -control purposes is given.)

11135 Alder, L. S. B. Threshold howl in reaction receivers. Experimental
Wireless ct: W. Engr. (London), 7, pp. 197-200; April, 1930.

(An explanation is given of the phenomenon known as threshold howl, a low -frequency
modulation produced in a regenerative detector at or near the point of self oscillation.
The frequency of modulation is shown to be dependent on the time constant of the plate
circuit. Points in receiver design emerging from the explanation are summarized.)

11140 Reed, M. Electrical wave filters-Part II. Experimental Wireless
d W. Engr. (London), 7, pp. 190-196; April, 1930.

(It is shown that the formulas for the propagation constant and the characteristic
impedance of many complex types of symmetrical wave filters may be obtained by
considering such structures to be derived from simpler types. The application of the
general formulas so obtained to a specific structure is illustrated. All the necessary
formulas for the desigi. of a low-pass filter are found. (To be continued.))

11144 Fromy, E. La formulation de l'effet Kelvin. (The formulation of
the Kelvin effect.) L'Ondc Eleetrigue, 9, pp. 69-74; February, 1930.

(A simple and general empirical formula for the ratio of the a -c ohmic resistance of a
conductor to its d -c resistance has been proposed by Levasseur. The method of formula-
tion is analyzed and the formula for the general case, as well as for a cylindrical conductor,
is given.)

111-15 Barclay, W. A. Applications of the method of alignment to reactance
computations and simple -filter theory-Part II. Experimental
Wirelcw Engr. (London), 7, pp. 180-189; April, 1930.

;The principles of reactive filters are systematically presented. An expression for the
filter reactance is derived in terms of the load and of characteristics depending solely on
the filter. It is shown that the alignment method may be used to estimate rapidly the
performance of any given reactive filter under given conditions. The method is illustrated
by a particular case.)

H 160 von Ardenne, M. and Schlesinger, K. Phasenberhaltnisse and
Schwingungseinsatz bei einem Zweirohrensystem nach Art der
Leithauser-Heegner-Schaltung. (Phase relations and the start of
oscillation in the two -tube system of the type of the Leithauser-
Ileegner circuit.) '/.oils. fur Hochfreq., 35, pp. 60-67; February,
1930.

A mathematical analysis is given of the Leithauser-lleegner circuit. The results of the
analysis are subjected to experimental test.)

111111 Clover, R. P. Note on day-to-day variations in sensitivity of a
broadcast receiver. Pnoc. 1.R.E., 18, pp. 683-689; April, 1930.

(A series of sensitivity measurements on a highly sensitive broadcast receiver over a
period of one month indicates that large variations in sensitivity may occur. Between
relative humidity and sensitivity there was found a high degree of correlation (inverse)
probably attributable to increased losses in the radio -frequency transformers during
periods of high humidity. It is shown that changes in sensitivity may be delayed after
the corresponding changes in humidity. The importance of these variations in sensitivity
is pointed out with particular reference to the intercomparison of receiver measuring
elnipment and production testing of radio receivers.)
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11.200. RADIO MEASUREMENTS AND STANDARDIZATION

11.201.7 von Ardenne, M. Bestimmung von Modulationsgraden und Gleich-
richterkennlinien mit der Braunschen Rare. (Determination of the
degree of modulation and rectifier characteristics with the Braun
tube.) Elek.-Nach. Technik, 7, pp. 80-84; February, 1930.

(The use of a Braun tube to estimate the degree of modulation of a carrier wave is
explained for the case where the carrier is modulated with a constant frequency and for
the ease where the modulation is continuously varying. A method of obtaining the
dynamic characteristic curve of any type of rectifier with a Braun tube is also given.)

11214 Lucas, H. J. Some developments of the piezo-electric crystal as a
frequency standard. Experimental Wireless ct IV. Engr. (London).
7, pp. 201-203; April, 1930.

(Abstract of paper read before Wireless Section, Institution Electrical Engineers on
March 5, 1930.)

R214 Watanabe, Y. The piezo-electric resonator in high -frequency
oscillation circuits. Pnoc. I.R.E., 18, pp. 695-717; April, 1930.

(Cady's theoretical considerations regarding motional admittance of a piezo-electric
resonator are experimentally verified. The effect of an air gap between the resonator and
the electrodes upon the motional admittance is studied theoretically and experimentally.
The determination of the equivalent electrical constants of the piezo-electric resonator
with an air -gap is developed by a simple mathematical treatment. The relation between
motional admittance and size of electrodes is discussed, as well as the experimental
arrangement when a high voltage is to be impressed upon the resonator.)

8223 Drake, F. H., Pierce, G. W., Dow, M. 1'. Measurement of the
dielectric constant and index of refraction of water and aqueous
solutions of ICI at high frequencies. Phys. Rev., 35, pp. 613-622;
March 15, 1930.

(The dielectric constant of various liquids is deter ' ed using a vacuum -tube source
of voltage throughout a range of periods extending from 7' =1.31 X10-, to T =8.49 X10-,
sec. The method employed consists in the measurement of standing electric waves between
a pipe and a wire concentrically located within the pipe, with the liquid forming the
dielectric between the wire and the pipe. Accurate measurements on distilled water, and
acqueous solutions of KCl are recorded. The temperature coefficient of dielectric constant
for distilled water is given.)

8223 Wyman, J., Jr. Measurements of the dielectric constants of con-
ducting media. Phys. Rev., 35, pp. 623-634; March 15, 1930.

(It is shown that if the product of the natural period of a mall rigid circuit and the
conductivity of the medium in which it is immersed is sufficiently small, the period is
proportional to the square root of the dielectric constant of the medium. On the basis
of this fact, measurements have been made of the dielectric constant of water from 0 deg.
to 100 deg. C to an accuracy of 0.2 per cent or better and covering a range of frequencies
from T =1.4 X10-8 to T =S1 X10-8 sec.

R261 Welikin, J. Rohrenvoltmeter zur verlustfreien Messungen hoherer
Spannungen bei Gleichstrom und Wechselstrom. (A vacuum -tube
voltmeter for the accurate measurement of high tension direct and
alternating currents.) Elek.-Nach. Technik, 7, pp. 78-79; February,
1930.

(Vacuum -tube voltmeter circuits using an inverted vacuum tube are described. It is
shown that if a single triode is used a condenser must be placed in the input on the plate
side toregulate the input impedance. Othereircuits using two tubes in parallel and another
using a two -grid tube are described.)

R270 Mortimore, R. H. Measurement of intensity of high -frequency
magnetic fields. Phys. Rev., 35, pp. 753-762; April 1, 1930.

(Two methods are developed for the measurement of the intensity of magnetic fields
produced by currents of frequencies from 10 to 25 megacycles. In the first method the
current in a coil is determined from vacuum -tube voltmeter readings of potential drop
across a standard inductance and the intensity of field produced is computed. In the
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second method the e.m.f. induced in a single -turn coil placed in the field is indicated by a
vacuum -tube voltmeter and the field necessary to induce the e.m.f. is computed. Good
agreement is found between the two methods. Information regarding current distribution
in a coil is obtained.)

R300. RADIO APPARATUS AND EQUIPMENT

R300 Clapp, J. K. Antenna -measuring equipment. Pnoc. I.R.E., 18, pp.
571-580; April, 1930.

(A self-contained equipment of portable design for measurement of apparent capacity,
apparent resistance, and natural frequency of antenna -ground systems within specified
limits is described. A substitution method is employed in the resistance and capacity
measurements. The natural frequency is found by extrapolation of a curve plotted from
determinations of the antenna frequency for various amounts of loading inductance.
The sensitivity and accuracy of the apparatus are discussed.)

R300 Smith -Rose, R. L. Wireless apparatus. Journal of Scientific Instru-
ments (London), 7, pp. 64-68; February, 1930.

(A description is given of radio apparatus exhibited at the 20th Annual Exhibition of
the Physical and Optical Societies.)

R342.6 Feldtkeller, R. Theorie neutralisierter Verstarkerketten. (The theory
of neutralization in multistage amplifiers.) Zeus. ffir Ilochfreq., 35,
pp. 45-55; February, 1930.

(A theoretical discussion is given of the maximum amplification obtainable from a
multistage amplifier over a given frequency range. It is shown that the performance of
the amplifier may be improved by connecting a "neutralizing" circuit, consisting of an
inductance, capacity, and resistance in series, between the grids of successive amplifier
tubes.)

R342.7 Kafka, H. Ein Beitrag zur Darstellung der Frequenzabhangigkeit
von Transformatorschaltungen far .Niederfrequen z verstarkung. (A
contribution to the preparation of the frequency characteristic curve
of a transformer -coupled audio -frequency amplifier.) Zeits. fur
Hochfreq., 35, pp. 56-60; February, 1930.

(The frequency characteristic of an amplifying stage consisting of a vacuum tube and an
audio -frequency transformer is theoretically discussed. The frequency curve for the new
Philips transformer is derived and carefully discussed.)

R342.7 Loftin, E. H. and White, S. Y. Cascaded direct -coupled tube systems
operated from an alternating current. Pnoc. I.R.E., 18, pp. 669-682;
April, 1930.
(An outline is given of the characteritics which are desirable in an audio -amplifier or
detector -amplifier. A description is given of some direct -coupled cascaded tube systems
operating from a -c supply. Among the features which are discussed are: the reduction of
current drain on the filter, the elimination of "motor boating," stabilizing against drift
of plate current, the elimination of hum and the provision of automatic change of grid
bias with change of carrier input. The paper gives circuit constants and amplification -
frequency characteristics for certain circuit arrangements.)

R500. APPLICATIONS OF RADIO

R526.1 Dunmore, F. W. A tuned -reed course indicator for the 4- and 12 -
course aircraft radio range. Bureau of Standards Journal of Research,
4, pp. 461-474; April, 1930. Research Paper No. 160 obtainable by
purchase from Government Printing Office, Washington.

(Tuned -reed indicators of the 4- and 12 -course aircraft radio range are described.
Details of design and operating characteristics are given. A shutter and color system are
explained which enable the pilot to know which of the various courses of the range he is
flying on and in which direction.)

'01



Refetrucrs to Current Radio. Literature 1093

R800. NON -RADIO SUBJECTS

621.313 73 Demontvignier, M. Les redresseurs a vapeur de mercure a haute
tension continue; application a l'alimentation des postes emetteurs
de T.S.F. (High-tension mercury-vapor rectifiers; application as
power supply of radio transmitters.) L'Onde Electrique, 9, pp. 45-
68; February, 1930.

(The necessary characteristics of a high -voltage plate supply for a radio transmitter
are noted. The fundamental properties of mercury-vapor rectifiers are reviewed and
circuits are presented whereby rectifiers may be adapted to give a steady high voltage of
the desired characteristics. A number of mercury-vapor rectifier installations in existing
radio -transmitting stations are described.)
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Proceedings of the Institute of -Radio Engineers
Volume 18, Number G June, 1930

CONTRIBUTORS TO THIS ISSUE

Cook, A. L.: Born March 3, 1905 near Clay Center, Kansas. Received E. E.
degree, Stanford University, 1929. Transmission engineer, Pacific Telephone and
Telegraph Co., 1929 to date. Non-member, Institute of Radio Engineers.

Diamond, Harry: See PROCEEDINGS for May, 1930.

Dunmore, F. W.: See PROCEEDINGS for May, 1930.

Kear, F. G.: Born 1903 at Minersville, Pennsylvania. Received E.E. degree,
Lehigh University, 1926; M.S. degree, Massachusetts Institute of Technology,
1928. Instructor, M.I.T., 1926-1928. Engaged in research on machine for
solving differential equations by graphic methods. Assistant physicist, Bureau
of Standards, 1928 to date, working on radio aids to air navigation. Associate
member, Institute of Radio Engineers, 1924.

Nakai, Tomozo : Born March 10,1901 at Fukuyama City, Japan. Graduated,
electrical department of Osaka Higher Technical School, 1922. Entered radio
section of the Electrotechnical Laboratory, Ministry of Communications,
Japan, engaged in radio researches. Since 1925 working on wave propagation.
Associate member, Institute of Radio Engineers, 1929.

Namba, Yasukazu: Born May 27, 1897 at Tokyo City, Japan. Graduated
from College of Science, Tokyo Imperial University, 1920. Studied at Massa-
chusetth Institute of Technology, 1920-1921. Entered Ministry of Communica-
tions, Japan, engaged in radio researches at the Electrotechnical Laboratory.
Engaged in work on high -frequency standard, 1927 to date. Associate member,
Institute of Radio Engineers, 1925.

Okabe, Kinjiro: Born March 27, 1896 at Nagoya, Japan. Graduated
Nagoya Higher Technical School, 1916. Received degree from Tohoku Imperial
University, 1922. Assistant professor, Tohoku Imperial University, 1925 to
date.

Purington, Ellison S.: Born October 13, 1S91 at Mechanic Falls, Maine.
Received A.B. degree, Bowdoin College, 1912; M.A. degree, Harvard, 1913.
Teaching and graduate work 1913-1915. Technical staff, Electrical Division,
Bureau of Standards, 1915-1920; Hammond Research Corporation, 1920 to
date. Non-member, Institute of Radio Engineers.

Schelleng, J. C.: Born November 11, 1892 at Freeport, Illinois. Received
A.B. degree, Cornell University, 1915. Instructor in physics, Cornell Uni-
versity, 1915-1918; since 1918 with 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.

Segal, Paul M.: Born December S, 1S99 at Denver, Colorado. Received
A.B. degree, Columbia University, 1920; L.L.B., University of Denver, 1922.
Admitted to Colorado Bar, 1922; Bar of U. S. Supreme Court, 1926; Bar of the
District of Columbia, 1929. Assistant. General Counsel, Federal Radio Com-
mission, March 12th to December 15th, 1929. Prior and subsequent to that time,
General Counsel, American Radio Relay League: member , Board of Directors,
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1924 to date. Associate member, Institute of Radio Engineers, 1926; Member,
1929.

Stratton, J. A.: Born May 18, 1901 at Seattle, Washington. University of
Washington, 1919-1920. Received B.S. degree in electrical engineering from
Massachusetts Institute of Technology, 1923. Research assistant, Communica-
tions Laboratory, M.I.T., 1924-1926. Received M.S. degree, M.I.T., 1925.
Studied at Technische Hochschule in Zurich and University of Munich, 1926-
1928. Received D.Sc. degree, Technische Hochschule, 1927, majoring in theoretical
physics. Assistant professor of theory of electricity, M.I.T., 1928 to date.
Non-member, Institute of Radio Engineers.

Terman, F. E.: See PROCEEDINGS for January, 1930.

Yokoyama, Eitaro: Born July 21, 1883 at Fukui City, Japan. Graduated
Engineering College, Tokyo Imperial University, 1908. Entered Ministry of
Communications, Japan, engaged in radio researches at the' Electrotechnical
Laboratory. One of the inventors of the T. Y. K. oscillation gaps for radio-
telephony. Chief of Radio Section, Laboratory, 1920. Member, Institute of
Radio Engineers, 1917.
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TRANSF1 RME RS

is to th k of

THO SON
TRANSFORMER SPECIALISTS
Since 18 95

Microphone Transformers  Line
to Tube, Tube to Line, Line to Line 
Mixing Transformers  Coupling
Reactors  Filter Chokes 0 Audio
Transformers e Impedance Matching
Transformers  Power Compacts 
Speaker Coupling Transformers 
Complete Amplifiers

Catalog of new Replacement Power and Audio
Transformers will be sent upon request

THORDARSON ELECTRIC MFG. CO.
Huron, Kingsbury and Larrabee Sts., Chicago, III., U. S. A.
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High Voltage Power Supply
Systems for Radio

Transmission
WHERE a source of high voltage direct cur-

rent is required, the hot cathode mercury
vapor rectifier is pre-eminent in convenience, relia-

bility, and economy.

This recent development in rectifiers is now avail-
able in complete power supply units which operate
from any standard source of alternating current and

deliver filtered direct current suitable for supplying
radio telephone, telegraph, or television transmitters.

The absence of moving parts insures noiseless opera-
tion and allows for a maximum safety factor without

space limitation.

Ample dimensions in transformers and retard coils

provide exceptionally fine regulation under varying

loads.

Rectifier units can be furnished to deliver up to
10,000 volts at current values of 3 amperes or less.

Write for bulletin stating requirements.

R. C. POWELL & CO., Inc.
350 Madison Ave.

NEW YORK CITY

Engineers specializing in radio
telephone equipment.

When writing to advertisers mention of the PaocEEmucs will be mutually helpful.
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\"/ ISOLATE: EACH TUNING CIRCUI"E ``

VI Here is an entirely new instrument with the variable condenser
cecrinnc completely shielded. This feature eliminates all

coupling effects and per-
mits most accurate tun-
ing adjustments
high gain circuits.

This new Type S.G. .
Shielded Condenser
meets the commercial
requirements for mod-
ern radio receivers. Each
tuning circuit is iso-
lated.

We shall be glad to send
complete specifications and
(ampler on request.

Let us quote on your
Fully enclosed heavy drawn dust -proof cover special requirements
adds additional rigidity to the entire assembly.

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

Branch Offices for Your Convenience in

St. Louis :\!11°I.Los Angeles
Chicago

ir" Cincinnati

Boston
Minneapolis

Philadelphia
San Francisco
I "futon Ontario

////
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THE INCREASING USE OF THE TELEPHONE REQUIRES THE EXPENDITURE OF HUNDREDS OF MILLIONS
ANNUALL( FOR EXTENSIONS AND IMPROVEMENTS

It keeps faith with your needs
An Advertisement of Me American Telephone and Telegraph Company

You have found a constantly growing use
for the telephone. You have learned its
value in business. You have found it help-
ful in keeping contact with family and
friends. Its increasing use has given the
telephone its humanly important place
in modern life and requires the expendi-
ture of hundreds of millions annually for
extensions and improvements.

In 1929 the Bell System's additions,
betterments and replacements, with new
manufacturing facilities, meant an expen-
diture of 633 million dollars. During 1930
this total will be more than 700 millions.

Definite improvements in your service
result from a program of this size and
kind. They start with the average time
required to put in your telephone
-which in five years has been cut
nearly in half. They range through
the other branches of your service,

even to calls for distant points-so that
all but a very few of them are now com-
pleted while you remain at the telephone.

In order to give the most effective,
as well as the most economical service,
the operation of the Bell System is
carried on by 24 Associated Companies,
each attuned to the part of the country
it serves.

The Bell Laboratories are constantly
engaged in telephone research. The West-
ern Electric Company is manufacturing
the precision equipment needed by the
System. The staff of the American Tele-
phone and Telegraph Company is devel-
oping better methods for the use of the
operating companies.

It is the aim of the Bell
System continually to furnish
a better telephone service for
the nation.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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What are your needs?

No. 590-590

No. 2880-2880

No. 280-280

No. 1880-1880

Your volume control requirements no
doubt are unusually exacting. Unless a
variable resistor precisely meets your
needs it will not prove suitable. "Al-
most" and "nearly" are not a part of
your specifications. Absolute exactness
alone will satisfy the curve you have
established.

If this is the case we suggest you get
in touch with us. We have been building
variable high resistors for a number of
years and during this time have met
some of the most exacting requirements
of the radio industry. We confidently be-
lieve we can meet yours also.

Frost units are famous for smooth-
ness of operation, noiselessness and al-
most total absence of wear. They are
not affected by changes of temperature
or by variations in the moisture content
of the air.

We make Frost units in two general
types and in a wide variety of styles and
sizes as well as in combinations of both
types. We invite inquiries from manu-
facturers who have not yet solved their
volume control problems but would like
to do so.

HERBERT H. FROST, Inc.
Main Offices and Factory: ELKHART, IND.
160 North La Salle Street, Chicago

When writing to advertisers mention of the PuocruninGs will be mutually helpful.
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IEW!
THE MASTER

v-PHONOVOX
Pacent Talking Picture Research, Plus
Years of Pick -Up Experience, Brings
This Marvelous New Phonovox

Built-in Volume

Control and

Radio -Record

Switch

Model 107

$15.00
complete

as illustrated
(Price slightly higher

west of Rockies)

Hear the New Master Phonovox and you'll recog-
nize it as the leader! Designed to give the utmost
performance from phonograph records played
electrically through your radio set.

See it ... Hear it at your dealer's today !

PACENT ELECTRIC CO. Inc. 91 Seventh Ave.
New York, N. Y.

Pioneers in Radio and Electric Reproduction for Over 20 Years

Licensee for Canada: White Radio, Ltd. Hamilton, Ont.

Licensee for Great Britain and Ireland :
Igranic Electric Co., Ltd., Bedford, England

When Writing to advertisers mention of the PROCEED! NOS will he mutually helpful.
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Neither TIM E

Nor STR ESS

Disturbs Its
Al 14 'I "It.tTE

PER IFOR31.1N4 'E

The ELECTRAD Covered Re-
sistance is uniquely constructed
to insure steady use without
breakdowns from overheating
or open circuits.

o c
o

Patents

Cooler operation comes from the heavier -than -usual
Nichrome resistance wire, wound on a specially selected
refractory tube. Sturdy, non -corrosive
contacts and slotted soldering lugs afford perfect con-
nections. The elastic insulating enamel covering the
entire unit is baked on at only 400 degrees Fahrenheit.
allowing uniform contraction and expansion through.
out. Can be made in any resistance value and wattage
rating required. Sample to manufacturers on request.

The Cooperation of Electrad
Engineers Can Often Save You Money

ELECTRAD, during many years of specialization has
.i

,,t;

built up a trained staff of engineers. Whether you t'
need just a stock resistance or a special unit, their 1('
cooperation assures you complete satisfaction. ,4,<L"

They have often found that manufacturers could 4.Q

use standard resistances where special units were
thought necessary, thus saving thousands of

1/45' .

dollars. s Fav

0 .f
of

*.4.

47. c c?

AG t, 4, '

Cl 6

44, 44& 717

e 175 Varick St.. New York, N.
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RammarlundPRECIS/ON
PRODUCTS

/1 Complete
Family of

Ilainntarlund
ccm99

`.1ANI MULFIPLE

Illustration above shows broad, snug fit of
spring bronze wiping contacts, which hug the
rotor shaft for more than two-thirds of its
circumference, thus insuring smooth opera-
tion and perfect electrical connections.

THREE Hammarlund models with but a single
thought-to provide manufacturers with condenser

perfection at appealing prices.
New, rigid aluminum frame with cast -in end mountings,

providing threaded screw -holes that obviate the use of nuts.
Perfect shielding between sections. (Note accurate fit of
demountable upper shields, shown in phantom on quad-
ruple model). Steel shaft working in long, hand -reamed
bearings. Anchored, non-microphonic, aluminum
plates. Separate stator insulating strips. Large
area trimmer condensers.

You couldn't ask more of any condensers
than these new Hammarlunds offer. b eWrite us your needs. Use coupon. CC' bi.c.'

c zciv
4.0HAMMARLUND MFG. CO.

0.
4- ,

.4.c...424-438 W. 33rd St., New York o 0.4 4.

0. .0.&ZIA, Radio' .44 ci:' $
t.1' 0 b 6'

174. 1,0
%) 17 <. ..

4'' 4 ' t:.% .
41' % , . o

is ti 0' e /
sxrb:v ,e %*. r
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The New "Acracon"

ELECTR
COND

LYTIC
SCR

recently announced by the Condenser Cor-

poration of America is now ready for produc-

tion. Designed especially to meet the require-

ments of manufacturers to simplify chassis

assembly, it is a single electrode type of 8

mcfd. capacity. Peak voltage 410 volts.

Laboratory tests have proved leakage to be

less than 2 milliamperes per microfarad.

Write now for detailed information!

CONDENSER CORPORATION OF AMERICA
. 259-271 Cornelison Ave. Jersey City, N. J.

Factory Branches in:

CHICAGO LOS ANGELES

CINCINNATI TORONTO

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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A "word"
to Graphic Instrument Users

ABOUT ROLLER -SMITH GRAPHICS

0-Cover readily removable.
U-Top window for scale illumination.
T- Cover hinges at top for easy removal and attachment.
S-Scale mounted so as not to interfere with changing of pen.
T-Pen can be grasped at center and removed by turning thumb

nut.
A-Ink well can be filled without removal.
N-Cover on ink well protects ink from dirt.
D-Ink well instantly removable without tools.
I - Entire electrical mechanism can be swung open for inspection.
N-Timing gears accessible from front.
G-Efficient damping by means of large magnets.

Every feature listed, and many others not mentioned, are
included in new Bulletin No. K-830. Send for it.

Electrical Measurin  and Protective Apparatus
Main Office: a N Works:

2134 Woolworth Bldg. .-IL,, Bethlehem
NEW YORK Pennsylvania
Offices in principal cities of U. S. A. and Canada.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
XXII



Made by the makers of
PRECISION FILAMENT

SIGMUND COHN
44 Gold Street

New York

Illicit writing to wlverlisers mention of the PROCEED! N(mill be mutually helpful.
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ER 0 VO
BUILT BETTER

CONDENSERS AND RESISTORS

Without A Doubt
The Most Complete Line of

Condensers est Resistors
NO matter what your requirements may be in the fixed

condenser or resistor field, you are sure to find an
Aerovox unit exactly suited to your needs.

Dry Electrolytic Condensers
Filter Condenser Blocks
Buffer Condenser Blocks
Socket Power Condensers
High Voltage Condensers
Transmitting Condensers
Bypass Condensers
"A" Power Condensers
Bakelite Moulded Mica

Condensers

Pyrohm Heavy Duty Resistors
Edison Base Pyrohm Resistors
Tapped Pyrohm Resistors
Wire Wound Resistor Units
Grid Suppressor Resistors
Center -tapped Resistor Units
Non -Inductive Lavite Resistors
Grid Leak Resistors
Resistor Mountings
Interference Filters

In addition to the large number of stock sizes of condensers
and resistors, the Aerovox Wireless Corporation is equipped to
supply to manufacturers special types and sizes of condensers, filter
blocks and resistors in all fixed and tapped combinations on short
notice.

SEND FOR COMPLETE CATALOG
Complete specifications of all Aerovox units, including insula-

tion specifications of condensers, carrying capacities of resistors
and all physical dimensions, electrical characteristics and list prices
of condensers and resistors, are contained in a complete 1929-30
catalog which will be sent gladly on request.

The Aerovox Research Worker is a
free monthly publication that will keep
you abreast of the latest developments
in radio. Your name will be put on
the mailing list free of charge on
request.

AEROVOX WIRELESS CORP:
80 Washington Street, Brooklyn, N. Y.

PRODUCTS THAT ENDURE
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Single anode, in-
verted type

31 Manufacturers Use It
as Standard Equipment

The fact that 31 of the leading set manufac-
turers of America use Mershon Filter Con-
densers as standard equipment in their prod-
ucts, is proof of the premier position they
hold in the radio field.
Engineers and manufacturers, as well as ex-
perimenters-thinking solely in terms of
maximum efficiency and reliability-have
found in the Mershon vastly improved per-
formance and substantial savings in space, cost
and service.

The new booklet
"Puncture -Proof Filter
Condensers" describes
the Mershon Conden-
ser, and shows how it
can be effectively used
in power converter

equipment.

The Pioneer
First patented in 1911. First publicly dis-
played for use in radio receivers in 1921-
and in continuous development and produc-
tion since then-the Mershon Condenser is
unquestionably the pioneer, practical, success-
ful electrolytic condenser. And by virtue of
the vast experience and research behind it, it
is today years ahead of any other condenser
in the field. It was first to provide high ca-
pacity in small space, to afford absolute free-

dom from puncture and to em-
body a service life measured in
years, rather than weeks or
months.

THE AMRAD
CORPORATION

270 College Avenue
Medford Hillside, Mass.

anode, up-
right type

"We'll See You At
Atlantic City"

Auditorium Booth C-1
June 2nd to 6th

When writina to advertisers mention of the PROCEEDINGS will be mutually helpful.
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WHATEVER
your resistance problem, the
International experimental lab-
oratory and its specialized staff
stand second to none in ability
to solve it.

DURHAM Resistances are made in all
values for all electrical work. Samples
and complete engineering data on re-
quest.

TT %T T
METALLIZEDliLl

RESISTORS & POWEROHMS
INTERNATIONAL RESISTANCE CO.
2006 Chestnut Street, Philadelphia, Pe,
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CONQUERS
Flactuatkg

Line
Voltages/

Insures Perfect
Operation of A. C.
Receivers, Regard-
less of Local
Power Supply
Variations

k.11140~ath to
MODERN RADIO

THE AMPERITE Self -Adjust-
ing Line Voltage Control auto-

matically regulates the voltage from
the A.C. power main. Assures the
right voltage for most efficient
operation regardless of line varia-.
tions between 95 and 135 volts.

AMPERITE Orpora I Ion
56I BROADWAY, NEW YORK

AMPERITE
Self-Adjustin,g

LINE VOLTAGE CONTROL

Operates instantly. Prevents sud-
den line surges from damaging
tubes and filter equipment.

Trouble -free, long lasting. No
radio can be modern without it.

Does not add to chassis cost.

The AMPERITE Self -Adjusting
Line Voltage Control is used
with a power transformer hav-
ing a primary either wound
or tapped at 88 volts and
above.

The circuit connections,
are shown in the dia-
gram. The type
AMPERITE used
depends upon
the current
drain of the

set.

P"1?"
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LW-
TS'D LA\TITE*

A new ceramic insulator known as Iso-
lantite 677 developed by the Isolantite
Company of America in cooperation
with the International Resistance Com-
pany is now available to all fabricators
of metallized resistors.

In the metallized resistor assembly
this new Isolantite provides a tightly
sealed housing which is strong, non-
porous, extremely accurate and which
possesses the highest electrical insul-
ating qualities. This new composition is
one of several Isolantite insulating
materials, each created for a specific
application by an organization long ex-
perienced in ceramic manufacturing.

The International Resistance Com-
pany not only uses large quantities of
Isolantite but recommends it to its fabri-
cating licensees for similar use. We in-
vite inquiries concerning this or any
of the other applications of Isolantite.

*Process Patents

19ata nti

551 FIFTH AVENUE

developed exclusively for

etallized
resistors

BELLEVILLE, N. J.
New York Sales Offices

NEW YORK, N. Y.

When writing :o advertisers mention of the PROCEEDINGS will be mutually helpful.
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The Tubes You Needed
ONCE AGAIN the RCA Radiotron Company, Inc.,

gives the set designer and engineer new tools
to work with. This time it is three two -volt, battery
tubes with low filament current consumption.

Sets of greater efficiency for the rural market and
portable use can now be designed.

The New General Purpose RCA Radiotron 230 » » » » » » »

... may be used either as detector or amplifier. Its char-
acteristics are:

Filament Voltage . . . 2.0 Volts
Filament Current . 0.06 Amperes
Plate Voltage, Max. . 90 Volts
Grid Voltage (C -Bias) . . -4.5 Volts
Plate Current . . . 2.0 Ma.
Plate Resistance . . ....... Ohms
Amplification Factor 8.8
Mutual Conductance . . . 700 Micromhos
Effective Grid -Plate Capacitance . 6 Mmf.

The New Power Output RCA Radiotron 231 )») » » » » »
. . . has been designed for volume output from battery oper-
ated receivers where economy of plate current is important.
It is for use in the last audio stage.. Its characteristics are:

Filament Voltage . . . 2.0 Volts
Filament Current 0 150 Amperes
Plate Voltage, Max. . . 135 Volts
Grid Voltage (C -Bias) . -22.5 Volts
Plate Current 8 Ma.
Plate Resistance . . 4000 Ohms
Amplification Factor 3.5
Mutual Conductance . . 875 Micromhos
Undistorted Power Output . 170 Milliwatts
Effective Grid -Plate Capacitance . 6 Mmf.

The New Screen Grid RCA Radiotron 232 0 0 0 0

. is particularly recommended for use as a radio frequency
amplifier in circuits designed especially for it. Its character-
istics are:

Filament Voltage 20 Volts
Filament Current . 0.06 Amperes
Plate Voltage, Max 135 Volts
Grid Voltage (C -Bias) . -3 Volts
Screen Voltage, Max. 67 5 Volts
Plate Current 1.5 Ma.
Screen Current Not over 1/3 of plate current
Plate Resistance . . . . 800,000 Ohms
Amplification Factor 440
Mutual Conductance . . . 550 Micromhos
Effective Grid -Plate Capacitance 0.02 Mmf. Max.

RCA Radiotron engineers will be glad to give you additional
information upon request.

RCA RADIOTRON CO., INC. ,-- HARRISON, N. J.

RCA Radiotrons
..THE HEART OF YOUR RADIO SET..

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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P. 0. Box 86

Piezo Electric Crystals and
Constant Temperature Equipment

Piezo Electric Crystals:
We are prepared to grind Piezo Electric Crystals for
POWER use to your assigned frequency in the 550
to 1500 KC band, accurate to plus or minus 500
cycles for $55.00 fully mounted. Crystals for use in
the HIGH FREQUENCY BROADCAST BAND
(4000 to 6000 KC) for POWER use, accurate to plus
or minus .03% of your assigned frequency, fully
mounted, $85.00. In ordering please specify type of
tube used, plate voltage and operating temperature.
All crystals guaranteed with respect to output and
accuracy of frequency. Deliveries can be made with-
in three days after receipt of order.

Constant Temperature Equipment '

In order to maintain the frequency of your crystal
controlled transmitter to a high degree of constancy,
a high grade temperature control unit is required
to keep the temperature of the crystal constant. Our
unit is solving the problem of keeping the frequency
within the 50 cycle variation limits. Our heater unit
maintains the temperature of the crystals constant to
BETTER THAN A TENTH OF ONE DEGREE
CENTIGRADE; is made of the finest materials
known for each specific purpose and is absolutely
guaranteed. Price $300.00. Further details sent up-
on request.

Low Frequency Standards:
We have a limited quantity of material for grinding
low frequency standard crystals. We can grind
them as low as 15,000 cycles. These crystals will
be ground to your specified frequency accurate to
ONE HUNDREDTH OF ONE PER CENT.
Prices quoted upon receipt of your specifications.

Scientific Radio Service
"The crystal specialists"

Dept. R6 Mount Rainier, Md.

When 'writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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FRANKLY, Scovill is "high hat" about its position in

the radio industry. For, starting with the first days
of this lusty infant, Scovill has won and kept the con-
fidence of the quality manufacturers with quality parts.

And again frankly, Scovill is concerned only with those
manufacturers of radio sets who want the best. Call it

"high hat" if you like, but Scovill's enormous facilities
demand quantity production and Scovill's high stand-
ards require the maintenance of quality in every con-
denser or other part.

If you, too, are a "high hat" manufacturer, able to use
both quantity and quality, and are not already a Scovill
customer it will almost certainly pay you to talk to
Scovill. A representative will be glad to call at your
convenience.

SCOVI LL
Established 1802

MANUFACTURING COMPANY
 WATERBURY  CONNECTICUT 

BOSTON CLEVELAND DETROIT
ATLANTA Los ANGELES SAN FRANCISCO
CHICAGO NEW YORK PHILADELPHIA
PROVIDENCE CINCINNATI

In Europe-THE HAGUE, HOLLAND
When writing to advertisers mention of the I'ROCEEDINGS will be »initially helpful.
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The Everyday Tubes
of TOMOIVZOW

wi# be made of.
FANSTEEL
WIRE AND METALS

The Fansteel laboratory anticipates the demands of the
industry for years to come. It is always developing
better metals and alloys for use in tubes. The metals
Caesium and Rubidium, for instance, hardly known to-
day, are ready for tubes of the future. Tantalum, used
only in large power tubes a few years ago, is being em-
ployed more and more in common receiving tubes-a
notable improvement at a saving.

Tube makers who use Fansteel metals for today's tubes
not only are sure of dependable metals, uniform physi-
cally, chemically and electrically, but also are in close
touch with a forward looking research service of prac-
tical value.

Manufacturers are invited to write for samples of Fan -

steel metals-better still, call in a Fansteel engineer.

FANSTEEL PRODUCTS
COMPANY, Inc.

NORTH CHICAGO, ILLINOIS
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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6-30

fje 3infAitute of abio Engineers
Incorporated

33 West 39th Street, New York, N. Y.

APPLICATION FOR ASSOCIATE MEMBERSHIP
(Application forms for other grades of membership are obtainable from the

Institute)
To the Board of Direction
Gentlemen:

I hereby make application for Associate membership in the Institute.
I certify that the statements made in the record of my training and pro-

fessional experience are correct, and agree if elected, that I will be governed
by the constitution of the Institute as long as I continue a member. I further-
more agree to promote the objects of the Institute so far as shall be in my
power, and if my membership shall be discontinued will return my member-
ship badge.

Yours respectfully,

(Sign with pen)

(Address for mail)

(Date) (City and State)
References:

(Signature of references not required here)

Mr. Mr.

Address Address

Mr. Mr.

Address Address

Mr.

Address

The following extracts from the Constitution govern applications for admission to the
Institute in the Associate grade:

ARTICLE II-MEMBERSHIP
Sec. 1: The membership of the Institute shall consist of: * (d) Associates, who shall be

entitled to all the rights and privileges of the Institute except' the right to hold the office of
President, Vice-president and Editor. " *

Sec. 5: An Associate shall be not less than twenty-one years of age and shall be: (a) A radio
engineer by profession; (b) A teacher of radio subjects; (c) A person who is interested
in and connected with the study or application of radio science or the radio arts.

ARTICLE III-ADMISSION
Sec. 2:    Applicants shall give references to members of the Institute as follows:   for

the ?rade of Associate, to five Fellows, Members, or Associates; * * " Each application for
admission  ' shall embody a concise statement, with dates, of the candidate's training
and experience.
The requirements of the foregoing paragraph may be waived in whole or in part where

the application is for Associate grade. An applicant who is so situated as not to be personally
known to the required number of members may supply the names of non-members who arc
personally familiar with his radio interest.
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(Typewriting preferred in filling in this form) No

RECORD OF TRAINING AND PROFESSIONAL
EXPERIENCE

1 Name
(Give full name, last name first)

2 Present Occupation
(Title and name of concern)

3 Permanent Home Address

4 Business Address

5 Place of Birth Date of Birth Age

6 Education

7 Degree
(college) (date received)

8 Training and Professional experience to date

NOTE: 1. Give location and dates. 2. In applying for admission to the grade
of Associate, give briefly record of radio experience and present employment.

DATES HERE

9 Specialty, if any

Receipt Acknowledged Elected Deferred
Grade .1dvised of Election This Record Filed
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SAMPLES
RUSH!

WHEN resistor samples of special design are needed
in a hurry, bear in mind that Ward Leonard main-

tains a Customers' Service Department to supply you with
FORTY-EIGHT HOUR service. The sole purpose of
this department is to handle special orders, for it is not
connected in any way with regular production.

Your written or telegraphed specification for samples is
given immediate attention by a staff of Ward Leonard ex-
perts who are free to concentrate upon your order. In two
working days, the samples are designed, produced and
shipped to you.

What is true of the Customers' Service Department is also
true of the Production Department, where your order for
any of the wide variety of Ward Leonard products* will
receive attention just as prompt and efficient. Speed of
delivery is up to you. We meet our customers' needs.

WARD LEONARD ELECTRIC CO.
31 South Street, Mt. Vernon, N.Y.

Resistor Specialists for More Than 39 Years

Vitrohm (vitreous enamelled) Resistors and Rheostats . . . A. C. Voltage
Regulators . . . Theatre Dimmers . . . A. C. and D. C. Motor Starters
and Controllers . . . Slide Wire Rheostats . . . Arc and Spotlight Rheo-
stats and Ballasts . . . Mobile Color Lighting Equipment . . . Adapt°.
rons . . . D. C. Battery Charging Equipment Circuit Breakers.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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.4e.cause a Lock Washer FAILED!

Type 12. Internal
ForS. A.E.and Standard

Macbine Screws

Type 11. Exits -nisi
For Standard Bits

and Nuts

Type 15. Countersunk
For all Countersunk

Screws

Type 20. Locking
Terminals For Radio
and Electrical Work

U. S. Pilots 1,411,5.4
1.104,122 - 1.1111.111

Oiler palonle Pindin
Fotelgn

r"'"

It.hen Tcriting to

WHEN you depend on an ordinary washer
to protect your product from vibration, you

are inviting serious trouble and costly complaints.
It means nothing to your customer that you have
spent thousands of dollars in designing your prod-
uct-what he wants is perfect performance and when
a lock washer fails the whole product is certain to
be condemned.

Don't take such needless risks-protect yourself by
using Shakeproof Lock Washers under every nut
and screw. Their twisted steel teeth bite deep into
both the nut and the work and they will never
shake loose. Test them in your own shop-see how
this multiple locking principle improves perform-
ance and adds to the life of your product.

Shakeproof Lock Washers are tangle -proof, too,
and that means neater and faster assembly work.
A trial on your own product will convince you-
send for samples today.

SHAKEPROOF
LockWasher Company

t Twiste(Division of Illinois Tool Works/ -Its
Teeth

he
that LOCdK"

2529 KEELER AVE. CHICAGO, ILL.
advertisers mention of the PROCEEDINGS will be mutually helpful.
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The New

WESTON
MODEL 555

COUNTER
TUBE

CHECKER

HERE is a valuable scientific instrument for dealers in
radio supplies whose business prestige has been built

upon selling only thoroughly inspected products. Testing
radio tubes with this rapid and accurate checker insures
customer satisfaction and prevents "comebacks"-profitless
transactions which every dealer should seek to avoid.

Equipment of Model 555
1-Sockets for UX, UY and A. C. screen grid tubes.
2-A six -point filament voltage dial.
3-Four push button switches for making all the required tests.
4-Two 31/4" diameter instruments-an A. C. voltage indicator and a

tube test meter.

Service Features of Model 555
Checks all tubes, A. C. and D. C., including '80 and '81 type rectifier
tubes. Tests A. C. screen grid tubes and both plates of the 280 type
rectifier (one at a time) without adapters. Indicates shorts between
the filament and cathode.

See this new model at our Booth or in our Lecture Room
at the Hotel Traymore during the R.M.A. Convention-
or write to factory for full particulars.

WESTON ELECTRICAL INSTRUMENT CORPORATION
589 Frelinghuysen Avenue Newark, N. J.

FN.ST
PIONEERS
SINCE 1888

UME
II it 1,11)1,1 l,i tiol,, 111.11-1.1 ?Ili n n r, 1,1 till' 1.1,1)1. I I 71.11/ hr ;Huh/any heipfui.
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A self-contained

ohmmeter and circuit

tester that combines

a high degree of

accuracy with speed

and convenience

in operation

Fox checking resistance and testing
circuits, the Jewell Pattern 89 Ohm-

meter provides a degree of convenience
and accuracy not found in any other in-
strument of comparable price.

This instrument consists of a Jewell
Pattern 88 Meter, mounted in a case of
molded bakelite which carries suitable
terminals. A 11/2 volt cell inside the case
makes it independent of outside sources
of energy.

A screw provides convenient adjust-
ment through a magnetic shunt to com-
pensate for variations in cell voltage.
Since this adjustment may be made be-
fore each series of tests, very accurate

III

OHMMETER
/SMELL LECTRICA, INSTRUMENT CO.

direct resistance readings are assured.
The current draw is so low that the cell

will last several months under ordinary
use, and it is easily replaced.

In circuit testing the resistance of a
given section is automatically registered
on the ohmmeter scale. No calculations
are necessary.

The Pattern 89 Ohmmeter is an instru-
ment every radio shop, laboratory, or re-
pair shop should have. In fact anybody
coming in contact with electrical devices
or circuits will find the Pattern 89 Ohm-
meter practically indispensable after hav-
ing once used it.

Jewell Electrical Instrument Company
1642-D Walnut Street, Chicago

Manufacturers of a complete line of portable and switchboard
instruments and an extensive line of radio service equipment

30 GOOD INS i'.!.4J1 mi;/T.NT

iti

"ill 111101 61/11 111111ii111"11011111
1111111111110 milid111
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POLYMET PRODUCTS
The HEART of

Things
Electrical

Strong Hearts win the
industrial race, too! As
compared with the ways
of nature, electrical
manufacturers have a
tremendous advantage:
they can determine
heart -strength in ad-
vance! They can incor-
porate units, at the
birth of equipment.
which insure long life.
stamina, leadership!

Polymet produces tested essential parts for many successful
radio receivers, motors, ignition devices, clocks, telegraph
and signal systems-where electricity actuates or controls.
Such wide acceptance proves these carefully made Polymet
Products are Strong Hearts, too!

PAPER, MICA, AND
ELECTROLYTIC ,

CONDENSERS,
ELECTRICAL COIL
WINDINGS f f

TRANSFORMERS
ENAMELED COPPER
WIRE, RESISTORS,
RADIO ESSENTIALS

fanufacturers' parts speci-
fications are solicited for

prompt quotation.

Polymed si fact tiring Corporal ion
692E. 131t1. St. Nevi Ork I lo

When writing to advertisers mention of the PRocr:Emrics will be mutually helpful.
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the Allen Bradley
plant, private sub
station and &error
furnacbuildinglacis
upon four slris,
assuring daylight
in all deporimenis

Soles offices ore loco eci
in all leading cirms Eow
sult your ne0Iliff All n.

Bradley district office

There's a Big Plant
and 25 Years of Resistor Experience

back of the huge production and uniform quality of Bradleyunits
WHEN rodio was popularized, o few years ogo,
the Allen-Bradley organization had already

ochieved distinction as producers of electric con-
trolling apparatus and resistors. To meet the
demand, at that time, for a relioble filament rheo-
stat, millions of Brodleystots were sold to radio
monufacturers and amateur set builders

Today, AllenBradley Fined Resistors-Bradleyunits
-ore used by the world's largest set builders.

Floor after floor of automatic machinery and pre
cision testing equipment, under the supervision of
skilled engineers, produce Bradleyunits in stupen-
dous volume. Such facilities are your best insurance
of a continuous supply of reliable resistors to meet
your specifications.

ALLEN BRADLEY CO., 282 Greenfield Ave., Milwaukee. Wis.

ALLEN -BRADLEY RESISTORS
Produced by the makers of Allen-Brodley Control Apparatus

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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RIVALS

Keep on Thinking

EVEN if within the next few
weeks we begin to speak of

the "recent" depression, some of
the results, started by the last jolt,
will still be getting under way.
The actual dangers to some con-
cerns will be just starting.

Every time there is a bad jolt,
everybody instantly starts looking
ahead and thinking "fast"-even
the people who hate it most.

The instant the curve seems to
hesitate or flatten out, some people
just naturally say to themselves-

"That is good ; the bad part is all
over. Changes won't be necessary;
old designs, equipment, costs,
values, are not obsolete after all ;
and people arc again going to he
willing to pay for them.

"Now we can breathe
easily. We were doing
some fast and painful
thinking. But, thank
goodness, now we can
stop."

Just when they are in
the greatest danger, and
ought to be doing their
fastest and most thor-
ough planning and ac-
tion!

Because competitors do not stop.
Not all of them. Some of them go
right ahead with the new thinking
that the jolt started with the plan-
ning, and the changes, the advance-
ments and re -equipping, which
they believe will give them an
earlier, stronger upturn, and a bet-
ter lead in the New Prosperity.

* *

Industry has now awakened to the
fact that too often the REAL drag
on profits, and on success in com-
petition is the using Of WRONG MA-
TERIAL.

The Nev Thoroughness recog-
nizes the supreme importance of
one indispensable factor-the ques-
tion-
Are You THINKING IN
THE RIGHT MATERIAL?

NVF

Write today for FACT -SHEETS OF INDUSTRY No. 1,-giving practical knowledge which
hitherto has not been readily accessible-Mailed FREE to any worker or executive. Limited
Edition-Write NOW, stating work you do, your company's product or business, and whether
request is for self. Address Librarian, Dept. X-4, National Vulcanized Fibre Company,

Wilmington, Delaware.

NATIONAL VULCANIZED FIBRE COMPANY
Makers of Special Phenolites; "righter" Bakelites; "Peerless" insulation; many kinds of Vulcanized
Fibre; Material -Handling equipment, etc. Serving America's industries from smallest to greatest.

When writing to advertisers mention of the PItt)CEEDINGS will be mutually helpful.
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A glad hand awaits you at Booth
C-30 at the Show

When You Specify CLAROSTAT
1 here is one word which stands for all types of resistors, in all
ranges and ratings, fitted to your specified radio needs, and that is

cLAROSTAT
More than the name of a single product or even a line of products,
this name is the hallmark of a specialized engineering service avail-
able to you for the solution of your resistance problems. When
you specify CLAROSTAT, you specify the correct resistance for
your specific requirements. Today, the CLAROSTAT line in-
cludes-

CLAROSTAT ADJUSTABLE RESISTANCE
In the form of adjustable, compressible resistors, in various sizes
and ratings from tiny Grid Leak type for receiving circuits, to giant
Super -Power type for variable speed motor control. Also complete

line of Volume Control CLAROSTATS-100% wire -wound,
positive contact, velvety operation, positively noiseless, bakelite case
with metal end plate, dust and dirt proof, available in all re-
sistance ranges and with resistance matched to any desired curve.
These units are available in single, duo and multiple styles, and
in any resistance range and combinations.

CLAROSTAT FIXED RESISTANCE
Likewise in the field of fixed resistance, there is a CLAROSTAT for
every need. Flat wire -wound units, with just a bit better construc-
tion than usual; flexible resistors with wire wound on flexible core,
covered with varnished sleeve, and provided with lugs. Center
tapped resistors, with clamped contact or sliding contact for hum
control.

CLAROSTAT AUTOMATIC RESISTANCE
Lastly, there are the Line Voltage Regulator CLAROSTATS, fitted
to any radio set. In metal cartridge form, ample heat dissipation,
prompt response, rugged resistance winding-nothing to get out of
order, nothing to break, positive control within 5% plus or minus
specified by tube manufacturers. Now available in accessory form,
to be inserted in usual attachment cord of set, between plug and
plug cap.

"There's a Clarostat for Every Radio Purpose"

WRITE for data on the complete CLAROSTAT
line. Do not hesitate to place your re-

sistance problems before our engineering staff. Better
still, look us up at the R.M.A. Trade Show, where our
engineers will be at hand to consult with you.

CLAROSTAT MANUFACTURING CO., Inc.
Specialists in Aids to Better Radio

289 North Sixth Street, Brooklyn, N.Y.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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THREE TUBE

FACTS
that help your dealers

demonstrate sets . .

by George Lewis,
Vice -President,
A rcturusRadio
Tube Company

When your sets are equipped with Arcturus
Blue Tubes there's no annoying delay in start-
ing... the program is there in 7 seconds. This
kind of QUICK ACTION helps make sales.

CLEAR TONE, free from hum or background
noises, is a certainty with Arcturus Tubes.

Arcturus Tubes insure lasting satisfaction.
Their ability to withstand overloads has given
them the world's record for LONG LIFE.

Critical engineers, checking Arcturus performance,
know the advantages of these Arcturus features.
They realize that Arcturus Tubes insure top-notch
demonstrations... the kind of demonstrations that
lead to sales.

Why not make sure that your set benefits by
the proved performance of Arcturus Blue Tubes?
ARCTURUS RADIO TUBE COMPANY, Newark, N. J.

RCTURUS
Quick Acting

RADIO TUBES
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Here is a typical life lest on
ten type -427 Dc Forest Tubes,
taken at random out of regular
stock.
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The
moremore exacting the tests

the more obvious is DeForest quality

Test De Forest Radio Tubes for mutual conductance, plate impedance, gas content, grid to plate
capacity, filament current consumption and any other standard tube characteristic. We welcome the
most exacting tests known to the science of tube testing.

Examine closely the mechanical construction of De Forest Radio Tubes, the rugged sturdiness of the
element assembly, the husky, non -fragile oxide -coated filament-and the improved insulation of the
cathode heater eliminating hum, buzz and crackle.

The more exacting your tests, the more clearly you will see why so many radio manufacturers,
engineers, wholesalers and retailers-and listeners, too-prefer De Forest Radio Tubes.

DE FOREST RADIO COMPANY
PASSAIC, NEW JERSEY

AU DION S

RADIO TUBES
lVhcn writing to advesti,e), meniwn of the PROCEEDI N will be mutually helpful.
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FOR If\IDUCTANCES

FORMICA tubing for inductances may

be had in all the sizes, machined in any

way the circuit may be required.

Formica has adequate equipment to thread

it, punch it, turn it in large quantities to

meet difficult delivery schedules.

You can depend on tubing of excellent

quality accurately machined.

Send your blue prints for quotations.

THE FORMICA INSULATION COMPANY
4636 Spring Grove Avenue

Cincinnati, Ohio

:Tr! ! the I III 10/11,11/1/1 V /WINO.
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AMEIItAN
TRADE MARK REG.U.S. PAT.OFF.

*AmerTran ABC Hi -Power Box -50i)
volts DC plate voltage, current up to
110 ma; AC filament current for all

tubes for any set. Adjustable bias volt-
agesjor alltubes.Price, east of Rocker%
- less tubes - $130.00.

*Complete 2 stage audio amplifier with
first stage AmerTran De Luxe for UN
227 AC and second stage AmerTran
Push -Pull for two 171 or 210 power
tubes. Operates with 450 volt Amer-
Tran Hi -Power Box. Prise east of
Rockies-less tubes-$80.00.

AmerTranDe Luxe
Audio Tram -
former - List
Price $8.00.
Type 151 -
Between one
input and two
output tubes-
List Price
$12.00

AmerTran Power
Transformer Type

PF-245A - List Price $22.00
*Licensed under patents of the Radio Coq-,
ration of America and associated companies for
radio, amateur, experimental and broadcast
reception.

uality
RADIO PRODUCTS
AmerTran Audio and Power Transformers and
Amplifiers are designed for those who truly
appreciate fine quality in radio reception.
Weakness in the audio system in many receiving
sets results in failure to deliver full richness of
tone along the entire scale. AmerTran Radio
Products perfect the audio system and reproduce
music and the speaking voice in true tone (with-
out distortion at any volume) just as broadcast in
the studio.

FOR DETAILED INFORMATION WRITE FOR
THE FOLLOWING BULLETINS:

BULLETIN 1084
AmerTran DeLuxe Audio Transformer

BULLETIN 1087
AmerTran Audio Transformer Type AF -8

BULLETIN 1088
AmerTran Power Transformer Type PF 245A

BULLETIN 1076-A
AmerTran Hi -Power Box Type 21-D

BULLETIN 1075-A
AmerTran Push -Pull Amplifier Type 2 -AP

BULLETIN 1065
The Complete AmerTran Line.

AmerTran Quality Radio Products are sold by all
good dealers, or direct if they cannot supply you.

AMERICAN
TRANSFORMER COMPANY

Transformer buildersfor over 29 years
172 Emmet Street, Newark, N. J.

I. R. E. 6-).
AMERICAN TRANSFORMER COMPANY,

172 Emmet Street, Newark, N.J.
Please send me the following Bulletins (Check ( V) those
you want ). Bulletin 1084 ( ); 1087 ( ); 1088 ( )1

1076-A ; 1075-A ( ); 1065 ( ).

Name

Street and No.

Toy. n State

When writing to advt?ti,e, , »i, wan, of the PROCEEDINGS will be mutually helpful.
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cBe fight the First Time!
Guessing may prove successful occasionally, but in the long

run reliance on past performance proves the wisest course.

The. Byrd Antarctic Expedition, now successfully concluded,

used 25 different types of Cardwell condensers, receiving and

transmitting. The success attained in maintaining Radio Com-

munication with home and between isolated units of the Expe-

dition is well known, and no comment on our part can add to

the glory of these achievements.

Cardwell condensers have always proved worthy of the con-

fidence of winners and are worthy of your confidence. If you

are in need of condensers you can play a sure thing and elim-

inate doubt-use Cardwells.

Sent direct if your dealer does not stock. Literature sent on

request.

CARDWELL CONDENSERS

THE
ALLEN D. CARDWELL

MFG. CORPN.

81 Prospect St.
Brooklyn, N.Y.

Since broadcasting began

"THE STANDARD OF COMPARISON"

H'Iten writing to advertisers mention of the FEDI NGS will be mutually helpful.
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Volume Controls

Manufactured in three sizes
Standard

Junior
Midget

Also Double Standard
and Double Junior

Special Combination
Wire Wound and
Graphite Control

T0 vary the intensity of the faithful
reproduction built into radio receivers

without introducing noise or distortion, can
only be accomplished by a careful and com-
plete consideration of both mechanical and
electrical features of the volume control.

Mechanically-The Centralab exclusive and
patented rocking disc contact precludes any
possibility of wear on the resistance ma-
terial. This feature adds to the smoothness
of operation since the contact shoes ride
only on the disc. The shaft and bushing are
completely insulated from the current carry-
ing parts-eliminating any hand capacity
when volume control is placed in a critical
circuit.

Electrically - Centralab engineers have
evolved tapers of resistance that produce a
smooth and gradual variation of volume.
These tapers have been thoroughly tried and
tested for each specific application for cur-
rent carrying capacity and power dissipation.

Centralab volume controls have been speci-
fied by leading manufacturers because of
their quality and ability to perform a specific
duty-vary the intensity of faithful repro-
duction-faithfully.

Write for full particulars of
specific application.

CENTRAL RADIO LABORATORIES

36 Keefe Ave. Milwaukee, Wis.

A CENTRALAB VOLUME CONTROL IMPROVES THE RADIO SET

7CP*11111,I ,1,11'1 ?11,-rilhol cf thr PR,, 11,1', I 11,-17 11,!.
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CHANGE IN MAILING ADDRESS
OR BUSINESS TITLE

Members of the Institute are asked to use this form for notify-
ing the Institute office of a change in their mailing address or
any change in the listing of their company affiliation or title
for the Year Book membership list.

The Secretary,
THE INSTITUTE OF RADIO ENGINEERS,
33 West 39th Street,
New York, N.Y.

Dear Sir:
Effective please note change in my address

(date)
for mail as follows:

FROM

(Name)

(Street Address)

(City and State)

TO NEW ADDRESS

(Street Address)

(City and State)

Also for the membership list for next year's Year Book note change
in my business address (or title) as follows, this is my mailing

35 not

address:

(Title)

(Company Namc)

(Address: Street, City and State)

PLEASE FILL IN, DETACH, AND POST TO THE
INSTITUTE PROMPTLY

XLIX



Back Numbers of the
Proceedings Available

MEMBERS of the Institute will find that back issues of the Pro-
ceedings are becoming increasingly valuable, and scarce.

For the benefit of those desiring to complete their file of back
numbers there is printed below a list of all complete volumes
(bound and unbound) and miscellaneous copies on hand for
sale by the Institute.

The contents of each issue can be found in the 1914-1926 Index
and in the 1929 Year Book (for the years 1927-28) .

BOUND VOLUMES:
Vols. 10 and 14 (1922-1926), $8.75 per volume to mem-

bers
Vol. 17 (1929), $9.50 to members

UNBOUND VOLUMES:
Vols. 6, 8, 9, 10, 11 and 14 (1918-1920-1921-1922-1923-

1926), $6.75 per volume (year) to members
MISCELLANEOUS COPIES:

Vol. 1 (1913) July and December
Vol. 2 (1914) June
Vol. 3 (1915) December
Vol. 4 (1916) June and August
Vol. 5 (1917) April, June, August, October and Decem-

ber.
Vol. 7 (1919) February, April and December
Vol. 12 (1924) August, October and December
Vol. 13 (1925) April, June, August, October and Decem-

ber
Vol. 15 (1927) April, May, June, July, August, October,

November and December
Vol. 17 (1929) April, May, June, July, August, Septem-

ber, November and December

These single copies are priced at $1.13 each to members to the
January 1927 issue. Subsequent to that number the price is $0.75
each. Prior to January 1927 the Proceedings was published bi-
monthly, beginning with the February issue and ending with
December. Since January 1927 it has been published monthly.

Make remittances payable to the Institute of Radio Engineers and
send orders to:

THE INSTITUTE OF RADIO ENGINEERS
33 West 39th Street
NEW YORK, N. Y.



CURTIS ELECTROCHEMICAL

CONDENSERS
Are Ideal Condensers for Filter Circuits

FEATURES:
DRY-Even drier than a dry battery. No liquids to spill. Can be
mounted in any position.

COMPACT-The Curtis Electrochemical Condenser has many times
the capacity of a paper condenser per square inch of plate surface.

HIGH CAPACITY-Its High Capacity and compactness combined
with low cost permit the Engineer to use ample capacity for perfect
filtering.

LOW COST-Because of the high capacity of these condensers per
square inch of plate surface the cost is low.

LONG LIFE-Many months of tests and its self healing quality insure
a long lived, trouble free condenser.

HIGH VOLTAGE-Built to stand the highest of surge currents of
your radio set and to withstand the peak voltage of your set when all
tubes are removed.

TONE QUALITY-The use of ample filter capacity insures the
finest of tone quality.

SELF HEALING-The Curtis Electrochemical Condenser is self
healing in case of puncture.

UNAFFECTED BY ATMOSPHERIC CONDITIONS-It is
hermetically sealed and not affected by moisture or normal temperatures.

VOLTAGE RATINGS-Made in two types:
Type A-300 Volts D.C. Operating, 400 Volts peak.
Type B-450 Volts D.C. Operating, 600 Volts peak.

LEAKAGE-Extremely low. Comparative tests invited.

Write for full information

CURTIS CONTINENTAL CORPORATION
13900 Lorain Avenue

CLEVELAND, OHIO

Offices and Factory with Continental Carbon Inc.
Manufacturers of Carbon Resistors for Radio

When writing to advertisers mention of the PRocr:Entrics will be ntalually
LI



ENGINEERS AVAILABLE
Advertisements on this page are available only to members of
the Institute of Radio Engineers. For rates and further informa-

tion address the Secretary, The Institute of Radio Engineers, 33

West 39th Street, New York, N.Y.

MANUFACTURERS and others seeking radio engineers are
invited to address replies to these advertisements at the Box
number indicated, care the Institute of Radio Engineers. All

replies will be forwarded direct to the advertiser.

COLLEGE GRADUATE ('21) with one and one-half years gradu-
ate work desires position with firm doing development or installation
work on audio amplifiers, public address systems or sound pictures. Has

three and one-half years experience in maintainance and operation of
broadcast control room; three years laboratory and experimental, test

and design work on audio equipment. Some operating and sales ex-
perience. Age 33. Box 25.

ENGINEER and inventor, experienced in the installation of broadcast
transmitting equipment, operation and instruction in radio, desires
domestic or foreign connection as installation engineer of transmitting

or sound equipment. Age 40. Box 23.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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The Dudlo COIL ENGINEER is called in
"I'm not objecting to your coil prices, under-

stand," said the set manufacturer, leaning back
reflectively. "But the cost of this new set is running

into too much money considering present retail
price levels. We must cut costs but we can't cut

quality."
"That's what we engineers are for," the Dudlo

man replied. "We have often suggested modifica-
tions in coil design which have effected great sav-

ings for set manufacturers."

Such engineering assistance is a regular
feature of Dudlo service. You are in-

vited to take advantage of it.

DUDLO MANUFACTURING COMPANY, FORT W AYNE, INDIANA

Division of Gen eral Ca ble Cor por a tion
-RMA Exhibit, Bot,ths i i arid ¶4. Section

When writing to advertisers mention of the PROCF.EDI NGS will br mutually helpful.
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Take Your Choice
Every member of the Institute of Radio Engineers will want
to wear one of these three attractive emblems. All of these
emblems are appropriately colored to indicate the various
grades of membership and each emblem is approximately the
size of the f ollowing-illustrations.

The Lapel Button is of 14k gold, with background enameled in the
membership color, and with the lettering in gold. The screw -back on
the back of this button fastens it securely to your coat.
$2.75 postpaid-any grade.

The Pin is also of 14k gold. It is provided with a safety catch and is
appropriately colored for the various grades of membership.
$3.00 pbstpaid-any grade.

The Watch Charm, handsomely finished on both sides, is also of 14k
gold. This charm is equipped with a suspension ring for attaching to
a watch fob or chain.

$5.00 postpaid-any grade.

Orders, accompanied by checks made payable to the Institute
of Radio Engineers, should be addressed to

THE INSTITUTE OF RADIO ENGINEERS
33 West 39th Street

NEW YORK CITY, N. Y.

Send in your order now!

When writing to advertisers mention of the PROCEEDINGS will be mutually, helpful.
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A SAFE
GUIDE

in the selection
of insulation for
Radio Transmitting
and Receiving Sets

---

ICtik1310 they art
.nd

what
looting

ailthoritieS
sav

othrtit
their perioritteloce

IV 013

used

Send copy of your

I Name

Address
I. R. E. r, .3(1

OVER 300 broadcasting sta-
tions, leading radio tele-

graph systems, the United States
Army, Navy, Air Mail, Coast
Guard and Ice Patrol Services,
explorers like Commander Byrd,
and exacting amateurs every-
where have utilized PYREX In-
sulators in many spectacular
achievements.

Regardless of whether you are
sending or receiving-on land,
sea or airplane-you should be
thoroughly familiar with the
PYREX Antenna, Strain. Enter-
ing, Stand-off and Bus -bar In-
sulators that are helping these
leaders to make radio history.

j

The new PYREX
Radio Insulator book-
let lists all types and
sizes with data that
you will want for
ready reference.

Return the coupon
for your copy, and if
you want further ad-
vice on any insulation
problem, our Technical
Staff will answer your
questions promptly.

CORNING GLASS WORKS, Corning, N. Y.
new bulletin on Radio Insulators

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



"ESCO" Power Supply For Radio Equipment
Machines for operating 60 -cycle
A. C. Radio Receivers, Loud
Speakers and Phonographs from
Direct Current Lighting Sockets
Without Objectionable Noises of
any Kind.
The dynamotors and motor generators
are suitable for radio receivers and for
combination instruments containing
phonographs and receivers. Filters are
usually required. The dynamotors and
motor generators with filters give us
good or better results than are obtained
from ordinary 60 -cycle lighting sockets.
They are furnished completely assem-
bled and connected and are very easily
installed.

These machines are furnished with wool -
packed bearings which require very
little attention, and are very quiet run-
ning.

Write for Bulletin No. 243-D

Type NA Aircraft Generator

Dynamotor with Filter for Radio Receivers

Low wind resistance, light weight,
non -corroding parts, ball bearings,
tool steel shafts, steel shells, cast
steel pole pieces, weather proof
construction, many sizes to choose
from, high voltage and low voltage
windings to suit individual require-
ments, are a few of the many rea-
sons for "ESCO" generators or
dynamotors being the first choice.

Type BFR, Two Unit Motor Generator Set

"ESCO" two and three unit sets have become the accepted standards for
transmission. The "ESCO" line consists of over 300 combinations. These
are covered by Bulletin 237G.
"ESCO" also manufactures synchronous motors for television and "talkie"
projectors, motor generators and dynamotors for power amplifiers and
public address systems.

1\1
CO:,,t1)11T

300 SOUTH ST., STAMFORD, CONN.
Manufacturers of motors, generators, dynamotors and rotary converters.

When writing to advertisers mention of the PROCEEDINGS will be mutually Mph/.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

THE MAGNAVOX
COMPANY

Oakland, Calif. & Chicago, Ill.

PIONEERS AND SPECIALISTS
IN THE ART OF

SOUND PRODUCTION.

DYNAMIC SPEAKERS SINCE
1911.

Electrical Testing
Laboratories

Tests of inductances, condens-
ers, transformers, etc. Life and
characteristics of radio tubes.

80th Street and East End Avenue
NEW YORK CITY, N. Y.

RADIO ENGINEERS

Ten dollars will introduce you
directly to over 7,000 technical
men, executives, and others with
important radio interests. For
details write to

Advertising Dept., I.R.E.

The J. G. White
Engineering Corporation

Engineers-Constructors

Builders of New York Radio
Central

43 Exchange Place New York

Radio

Engineers
Your card on this professional card page will give

you a direct introduction to over 7,000 technical

men, executives, and others with important radio

interests.

Per Issue-$10.00

1,1/hen writing to advertisers mention of the Pnoct:EmNGS will be mutually helpful.
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A

Acrovox Wireless Corp. ' XXIV
Allen-Bradley Co. XL
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NEW DELUXE
"CUB° CONDENSER

Azellp11111111111111.11111-

'...assirsimmxis+..=1
Actual Size .1 MN. Weight 121/z Grams

Totally enclosed and hermetically sealed
against exaggerated temperature and humidity.
Light weight, thin aluminum housing makes
possible advantageous self -mounting feature.

High Insulation Resistance
Extraordinary Dielectric Strength

Capacities .01 to .25 mfd.

These new DeLuxe "Cub" condensers are compact, light in
weight and of attractive appearance. They cut labor opera-
tions and cost from 20% to 50% less. Write for sample.

ornell
FILTER CONDENSERS

BY-PASS CONDENSERS
RADIO INTERFERENCE FILTERS

POWER FACTOR CORRECTION BANKS
UNIFORMLY HIGH INSULATION RESISTANCE
PAPER DIELECTRIC CONDENSERS (All Types)

Write for Sample Deluxe "Cub" Condenser and Catalog of
Complete Line of Cornell Products.

Cornell Electric MN. Co., Inc.
LONG ISLAND CITY, NEW YORK

When Tcriting to advertisers mention of the PROCI N GS will he in la Ually helpful.



ESCO" Power Supply For Radio Equipment
Machines for operating 60 -cycle
A. C. Radio Receivers, Loud
Speakers and Phonographs from
Direct Current Lighting Sockets
Without Objectionable Noises of
any Kind.
The dynamotors and motor generators
are suitable for radio receivers and for
combination instruments containing
phonographs and receivers. Filters are
usually required. The dynamotors and
motor generators with filters give us
good or better results than are obtained
from ordinary 60 -cycle lighting sockets.
They are furnished completely assem-
bled and connected and are very easily
installed.

These machines are furnished with wool -
packed bearings which require very
little attention, and are very quiet run-
ning.

Write for Bulletin No. 243-D

Type NA Aircraft Generator

Dynamotor with Filter for Radio Receivers

Low wind resistance, light weight,
non -corroding parts, ball bearings,
tool steel shafts, steel shells, cast
steel pole pieces, weather proof
construction, many sizes to choose
from, high voltage and low voltage
windings to suit individual require-
ments, are a few of the many rea-
sons for "ESCO" generators or
dynamotors being the first choice.

Type BFR, Two Unit Motor Generator Set

"ESCO" two and three unit sets have become the accepted standards for
transmission. The "ESCO" line consists of over 300 combinations. These
are covered by Bulletin 237G.
"ESCO" also manufactures synchronous motors for television and "talkie"
projectors, motor generators and dynamotors for power amplifiers and
public address systems.

DE
CIDAAPANV

300 SOUTH ST., STAMFORD, CONN.
Manufacturers of motors, generators, dynamotors and rotary converters.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

THE MAGNAVOX
COMPANY

Oakland, Calif. & Chicago, Ill.

PIONEERS AND SPECIALISTS
IN THE ART OF

SOUND PRODUCTION.

DYNAMIC SPEAKERS SINCE
1911.

Electrical Testing
Laboratories

Tests of inductances, condens-
ers, transformers, etc. Life and
characteristics of radio tubes.

80th Street and East End Avenue
NEW YORK CITY, N. Y.

RADIO ENGINEERS

Ten dollars will introduce you
directly to over 7,000 technical
men, executives, and others with
important radio interests. For
details write to

Advertising Dept., I.R.E.

The J. G. White
Engineering Corporation

Engineers-Constructors

Builders- of New York Radio
Central

43 Exchange Place New York

Radio

Engineers
Your card on this professional card page will give

you a direct introduction to over 7,000 technical

men, executives, and others with important radio

interests.

Per Issue-$10.00

When writing la advertisers meniion of the PRoCEEDI NGS be mutually helpful.
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%,41110.b.s. 4%0,4 ay.

Actual Sire .1 Mfd. Weight 121/2 Grams

Totally enclosed and hermetically sealed
against exaggerated temperature and humidity.
Light weight, thin aluminum housing makes
possible advantageous self -mounting feature.

High Insulation Resistance
Extraordinary Dielectric Strength

Capacities .01 to .25 mid.

These new DeLuxe "Cub" condensers are compact, light in
weight and of attractive appearance. They cut labor opera-
tions and cost from 20% to 50% less. Write for sample.

ornell
FILTER CONDENSERS

BY-PASS CONDENSERS
RADIO INTERFERENCE FILTERS

POWER FACTOR CORRECTION BANKS
UNIFORMLY HIGH INSULATION RESISTANCE
PAPER DIELECTRIC CONDENSERS (All Types)

Write for Sample DeLuxe "Cub" Condenser and Catalog of
Complete Line of Cornell Products.

Cornell Electric Mfg. Co., Inc.
LONG ISLAND CITY, NEW YORK

()tile')

When writing to advertisers mention of the PRoCEEDI N GS Tvi// be mut:billy helpful.
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A Product of

EXPERIENCE

DeRE:Amsco
Completely Shielded Condensers

Developed especially for Screen Grid Receivers
The development of DeJur-Amsco Condensers parallels the develop-
ment of the radio receiver. It is the constant aim of this organization
to produce the most perfect tuning unit consistent with the produc-
tion costs of commercial receivers. That we have been successful is
evidenced by the fact that DeJur-Amsco Condensers are now used
by many of the leading commercial set manufacturers.

Write us for engineering data and complete specifica-
tions of our new condenser. Samples on request.

Available in Double, Triple, Quadruple and Five Gangs.

We are also making special condensers for
automobile radio and portable receivers.

DOUR-RMSCO Q0kPORATION
Fairbanks Building

BROOME & LAFAYETTE STS., NEW YORK ( IT \

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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PROVED PERFORMANCE

EVEREADY RAYTHEON TUBES
for TALKING PICTURES, TELEVISION and all

INDUSTRIAL PURPOSES
These tubes have firmly established their position in the fields of talking
pictures and television, and in the greatly broadening field of industrial
usage.
The Eveready Raytheon Foto-Cell is a long -life tube for talking pictures,
television and industrial purposes, such as control of illumination, automatic
counting, paper -testing, color matching and others. It comes in several
standard types, or can be made to specification.
The Eveready Raytheon Kino-Lamp is the first television receiving tube
developed commercially that will work with all systems. Each tube is
carefully tested.
We welcome inquiries from every one interested in talking pictures, tele-
vision and Foto-Cell applications of any nature.

The Eveready Hour, radio's oldest commercial feature, is broadcast every
Tuesday evening at nine (New York time) from WEAF over a nation-
wide N.B.C. network of 30 stations.

NATIONAL CARBON COMPANY, INC.
General Of/ices: New York, N. Y.

Branches: Chicago Kansas City New York San Francisco

Unit of Union Carbide L- and Carbon Corporation

EVEREADY
RAYTHEON

Trade -Marks
When writing to advertisers mention of the l'uocEEDINGs will be mutually helpful.
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where there can be no compromise
with . . QUALITY

RESISTORS
1 A.-,

A corner in the
laboratory of the
National Company
at Malden, Mass.,
where tome of the
hest radio equip-
ment is designed. A standard bridge in the

National Company's labor-
atory where every resistor
is tested before it is Hied.
While the manufacturer,'
tolerance is an average of
10%, actual tests have
shown Lynch Resistor, to
have a tolerance of about
5%.

are used in Laboratories of
GENERAL ELECTRIC CO.
WESTINGHOUSE ELECTRIC

MFG. CO.
GRIGSBY-GRUNOW COMPANY
WESTERN ELECTRIC CO.
BELL LABORATORIES

and by
DE FOREST RADIO CO.
R.C.A.-THEREMIN
FERRANTI, INC.
NATIONAL CO., INC.
RADIO FREQUENCY LABORA-

TORIES
SCOTT TRANSFORMER CO.
POWERS CINEPHONE CO., INC.
JENKINS TELEVISION CORP.

71%
RESISTORS

N1ETALLIZED
RESISTORS

Furnished in pigtail or
cartridge type, 1/2 watt. 1

wart and 2 watts; all de-
sirable capacities. Casings
are ceramic-caps molded
on, tapered for easy mount-
ing. Pigtails are tinned
copper, molded into the
caps.

Precision Wire Wound Resistors
Especially adaptable for milliameter and
voltmeter multipliers. 1/2 to 1% tolerance.
Designed for uses where accurate, non -in-
ductive, high value, low distributed capacity
resistors are required. Molded, permanent
contacts. Rating of one watt.

MANUFACTURERS: The 1930 production of Lynch Metallized Resistors
I will use new and heavier type filament which gives Resistors an extra margin
' of safety, greater current carrying capacity, lower temperature coefficient and

makes them more rugged.

Send us your Resistor specifications and requirements so that samples
of this new Resistor can be submitted for test and prices quoted.

LYNCH MANUFACTURING COMPANY, Inc.
1775 Broadway

Manufacturers of
QUALITY RADIO PRODUCTS

New York City

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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A.11 . GREBE & CO., Inc.
RICHMOND HILL, NEW YORK

Gre e
radio

SUPER-SYNCHROPHASE +1)40y,

WESTERN BRANCH

443 South San Pedro Street

Los Angeles, California

MAKERS OF QUALITY RADIO SINCE 1909
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A GENERAL-PURPOSE BRIDGE

THE TYPE 193 Decade
Bridge is a general utility

bridge designed for measurement
of resistance, capacitance, and
inductance at audio frequencies.
Standards may be either adjust-
able or fixed, but the former are
much to be preferred.

The dial -switch method of ad-
justing the ratio arms and the
resistance compensation arm
greatly facilitates making adjust -

Type 193
Decade Bridge

Price $115.00

ments. Each decade switch has
11 stops (0 and 10) which fur-
ther add to the convenience of
the instrument.

By a suitable choice of the
standards and the ratio arms,
the bridge may be made direct
reading.

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

British Branch: 40 Buckingham Gate,
Westminster, London, S.W. 1

GENERAL RADIO

FOR MEASURING ELEC-
TRICAL QUANTITIES AT

ALL FREQUENCIES

INSTRUMENTS

STANDARD AND SPECIAL
ITEMS FOR LABORATO-
RY AND INDUSTRIAL USE




