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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 nonmembers
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, 1923, 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 volumes) can be purchased for $1.50 each; for 1927, 1928, and 1929 at $1.00
each. 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
members of the Institute, libraries, booksellers, and subscription agencies, $9.50 in blue
buckram binding; to all others, $12.00. Foreign postage on all bound volumes is one
dollar, and on single copies is ten cents.

The 1930 Year Book, containing general information, the Constitution and By -Laws, catalog
of membership, etc., is available to men/hers at $1.00; to nonmembers, $1.50.

Contributors to the PROCEEDINGS are referred to the following page for suggestions as to
approved methods of preparing manuscripts for publication in the PROCEEDINGS.

Advertising rates for the PROCEEDINGS will be supplied by the Institute's Advertising De-
partment, Room 802, 33 West 39th Street, New York, N.Y.

Changes of address to affect a particular issue must be received at the Institute office not
later than the 15th of the month preceding date of issue. That is, a change in mailing
address to be effective with the October issue of the PROCEEDINGS must be received
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 sre credited, and are not binding on the membership
of the Institute as a whole.

All correspondence should be addressed to the Institute of Radio Engineers, 33 West 39th
Street, New York, N.Y., U.S.A.

Entered as second class matter at the Post Office at Menasha, Wisconsin.

Acceptance for mailing at special rate of postage provided for in the Act of February 28, 1925,
embodied in paragraph 4, Section 412, P. L. and R. Authorized October 26, 1927.

Published monthly by

THE INSTITUTE OF RADIO ENGINEERS, INC.
Publication office, 450-454 Ahnaip Street, Menasha, Wis.

BUSINESS, EDITORIAL, AND ADVERTISING OFFICES,

Harold P. Westman, Secretary
33 West 39th St., New York, N.Y.
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SUGGESTIONS FOR CONTRIBUTORS TO THE
"PROCEEDINGS"

Preparation of Paper
Form-Manuscripts may be submitted by member and nonmember 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 800 words. Papers
should be typed double space with consecutive numbering of pages. Footnote references
should be consecutively numbered and should appear at the foot of their respective
pages. Each reference should contain author's name, title of article, name of journal,
volume, page, month, and year. Generally, the sequence of presentation should be as
follows: statement of problem; review of the subject in which the scope, object, and
conclusions of previous investigations in the same 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 be 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 be 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, e.m.f., mh,
henries, abscissas, antennas. Refer to figures as Fig. 1, Figs. 8 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 other journals, especially foreign,
in most cases consist of summaries from published papers. The summary should explain
as adequately as possible the major conclusions to a, nonspecialist 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, 88 West

39th Street, New York City. They will be examined by the Committee on Meetings
and Papers and by the Editor. Authors are advised as promptly as possible of the
action taken, usually within one month.

Proofs-Galley proof is sent to the author. Only necessary corrections in typography should
be made. No new material is to be added. Corrected proofs should be returned promptly
to the Institute of Radio Engineers, 33 West 89th Street, New 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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Haslingden, Rossendale, 171 Manchester Rd. Coulton, A.
Lancaster, 2BK Marton St Wilkinson, H. J.
Llandudno, "Sandy Croft," Howard P1. Jones, H. C.
Liverpool, Caryl St., Royal Southern Hospital Newton, J. F.
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Geographical Location of Members Elected February 4, 1931

England (cont.)

France
Hawaii
Japan

New Zealand
Sweden

Diet. of Columbia
Massachusetts
New York

Pennsylvania

Canada

London, G. P. 0., Eng.-in-Chief's Off., Radio Section Bewick, W.
London, N. 19, 6, Greeley Rd. Highgate Harris, E.
London, EC 1, Alder House, P. 0. Eng. Dept., Radio Sect Howard, J. L.
London, S. E. 1, 8, Tenison St Keeling, C. H.
London, E.C. 1, Alder House, P. O. Eng. Dept., Radio Sect Morris, A.
Newbury, Black Boys Hotel Brown, H. J.
Rugby, Warwickshire, P. 0. Radio Section Lemmey, C. W.
Sheffield, Yorks., 32 Gatefield Rd Hayward, W. R.
Stanford -le -Hope, Essex, `Singlewell,* Rookery Estate Bevis, G. J.
Tetney, Lincolnshire, Wireless Beam Station Simmons, J. L.
Paris, 21 Rue Dautencourt Gavoret, G. C.
Honolulu, 741 -8th Ave Green, P. W.
Osaka, Senri-Hosoaho JOBK Haahida, K.
Osaka, Sumitomo Cable Works Kajii, K.
Kawasaki, Res. Lab., Tokyo Elec. Co Hagio, N.
Kawasaki, Tokyo Elec. Co. Sumi, M.
Sapporo, c/o Sapporo Broadcasting Station Kohno, S.
Sapporo, Sapporo Hosokyoku Tsukisaappo Hosojo ... Takeo, S.
Tokyo, c/o Broadcasting Corp. of Japan, Shiseikaikan Kumon, A.
Auckland, Devonport, 39 Clarence St. Harlow, F. E.
Lund, Villa Bjorka Nilsson, G. A.

Elected to the Junior grade
Washington, 2909 Brandywine St., N. W. Patterson, G. W.
Cambridge, 24 Whittier St. Berglund, C. W.
Brooklyn, 305 Ave. C., W. Palmer, E. H., Jr.Eagle Mills Lavender, R. W.Chester, 819 McDowell Ave. Morris, G. L.Philadelphia, 1953 N. 13th St. Shipp, R. E.
Pittsburgh, 5420 Kincaid St Douglass, E. J.
Montreal, Que., 4912 Sherbrooke St., W. McNeill, G. T.Toronto, 6, 312 Strathmore Blvd. Dynes, C. W.

-+-419)-111-CONN---+

NMI
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APPLICATIONS FOR MEMBERSHIP
Applications for transfer or election to the various grades of membership

have been received from the persons listed below, and have been approved by
the Committee on Admissions. Members objecting to transfer or election of any
of these applicants should communicate with the Secretary on or before March
31, 1931. These applicants will be considered by the Board of Direction at its
April 1st Meeting.

New York
For Transfer to the Member grade

New York, 0/0 WRNY, 27 West 57th St Mc Laughlin, J. L.A.

For Election to the Member grade
New Jersey Mountain Lakes Wilson, James R.
New York New York, 60 Hudson St., Rm. 1724 Nelson, Crescent F.
Australia Sydney, Amalgamated Wireless (A/sia) Ltd Hooke, L. A.

For Election to the Associate grade
Arkansas Dermott, Box 672 Fortune, W. F.

Fayetteville, A. L. T. House Albricht, H. D.
Texarkana, 404 State Line Mims, M. P.

California Alameda, 3216 Ferneide Blvd. Jackson, C. M.
Los Angeles, 812 E. 28th St. Boring, H. M.
Los Angeles, 711 W. 2nd St., . ........ Harris, Leland D.
Palo Alto, c/o Mackay Radio & Tel. Co Wardlow, H. V.
Pasadena, c/o Y.M.0 A Lindsay, W. F.
San Francisco, c/o Radio KUP, 36 Annie St. Paschal, W. P.
San Francisco, 531 Call Building Tobin, L. C.

Connecticut Burnside, 48 Livingston Rd Gray, J. B.
Diet. of Columbia Washington, National Press Bldg Lebowitz, S.
Florida St. Petersburg, 725 -15th St., No. Lynn, W. L.
Idaho Moscow, 904 Deakin St. Kiebert, M. P.
Illinois Chicago, 1907 Oakdale Ave. Dillard, G. B.

Chicago, 1804 W. Congress St. Rice, Robert E.
Chicago, 1647 Edgewater Ave. Schuster, A. M.
Chicago, c/o Automatic Electric, Inc Wu, S. W.
Downers Grove, Great Lakes Broadcasting Co. Mc Donnell, W J.

Indiana Angola, Box No. 164 Cooke, B. D.
Fort Wayne, c/o Magnovox . Dempster, B.

Iowa De Witt, 415 -5th St. Martin, Ray L.
Iowa City, 225 Iowa Ave Potter, J. L.

Kansas Sabetha, 53 Main St. Baker, Fred L., Jr.
Maryland Aberdeen, Broadway Brown, W. C.

Silver Spring, 8801 Georgia Ave Koehne, I. C.
Massachusetts Brookline, 195 Davis Ave Sampson, G. L.

Cambridge, 8 Maple Ave. Horn, Tyree R.
Cohasset Gagnabin William B.
Newton, 67 Dalby St Sivigny, A. J.
Springfield, 78 College St. Cushing, T. F.
Springfield, 51 Eureka St. . ye Ferguson, J. C.

Michigan Ann Arbor, 1033 Packard St. Nelson, W. H.
Detroit, 19132 Greeley Bradley, F. W.

Montana Anaconda, 620 East Park Ave Antonich, P. L.
Nebraska Rovenna, 323 Grand Ave. Mc Connell, R. H.
New Jersey Audubon, 227 Virginia Ave. Creighton, R. R.

Camden, R.C.A.-Victor Co., Eng. Dept Hughes, M. S.
Camden, R.C.A.-Victor Co Lecchi, P. A.
Merchantville, 123 S. Lexington Ave Emlein, Harold M.
Newark, 74 S. 10th St Cartwright, R. V.
Newark, 482 So. 19th St. Macintosh, W.
Rahway, R.F.D. #2, Box 107 D Hubbard, C. W.

New York Brooklyn, 6805 Baycliff Terrace Buzalski, T. J.
Brooklyn, 38 Slocum Place Mc Cormick, H. L.
Brooklyn, 879 Franklin Ave Mullen, J. F.
Flushing, L. I., Flushing Hospital Feliciano, F. A.
Ithaca, 306 College Ave Nardone, August
Jackson Heights, L. I. 37-20-81 St. Swift, W. C. G.
New York City, 711 Fifth Ave., Control Rm. Grey, Charles C.
New York City, 180 Varick St., Rm. 825 Jones, R. J.
New York City, o/o Surprenant & Co., 350 Madison Ave Stanford, K. J.
New York City, 27 East 30th St Terry, C. B.
New York City, 483 West St. Veazie, E. A.
New York City, 127 West 96th St. Wilson, D. B.
Nyack, Grand View, 9 W. Highway Stansbury, M. L.
Richmond Hill L. I. 9430 -113th St. Berry, F. L.
Riverhead, 57 Moriches Road Winans, Paul

IX



New York (cont.)

Applications for Membership

Schenectady, 1405 Grand Blvd
Utica, 316 Cooper St
Waverly, 430 Cayuta Ave

Smith, H. A.
Mallett, R. W.
Sosnoski, W. J.

West New Brighton, S. I., 191 Franklin St Langhammer, C. F.
Ohio Blue Ash, Hunt Rd. & Conklin Ave Chapman, R. T.

Cincinnati, 4133 Kirby Road Robins, Daniel C.
Cuyahoga Falls, 1539 Front St. Makinson, G. E.
Mt. Gilead, 30 W. Center St. Bush, Paul W.
East Pittsburgh, Westinghouse Elec. A. Mfg. Plotts, Ellery L.
Emporium, Warner House Klinestiver, G. H.
Philadelphia, 8419 Anderson St DaCosta, R. C.
Philadelphia, 2303 W. Thompson St. Guinan, John J.
Philadelphia, H. H. Eby Mfg. Co Lodge, E. G.
Philadelphia, H. H. Eby Mfg. Co White, C. D.
Pittsburgh, 109 N. Graham St. . Templeman, David
West Fairview, 508 Third St. Ottey, Raymond B.
Wilkinsburg, Penn Lincoln Hotel Stoddard, Ralph N.
Providence, 92 Early St. Slocum, Walter E.
Jackson, 319 W. King St. Dike, E. R.
Beaumont, 1645 Avenue G Murphree, H. L.
Fort Worth, Airways Radio Station Carpenter, C. I.
Forth Worth, 4725 Birchman. ... . . . . .... Stinson, R. C.
Quantico, Marine Corps Radio School, M.B.. Lockard, M. R.
Quantico, 87th Co., Signal Bn.... Williams, Gerald R.
Everett, 2015 State St.. ....... Eckstrom, H. E.
Seattle, 1304 E. 62nd St.. . Gleason, R. J.
Seattle, 4042 -51st Ave., S.W.. . Lischke, Carl C.
Haileybury, Ont..... . Thorpe, E. 0.
Hamilton, Ont., 7 Maine St.. Alaton, L.
Toronto, Ont., 1792 Bloor St., W.. Choate, H. R.
Toronto, Ont., 136 Chester Ave.. . Gunn, Donald
Toronto, Ont., 597 Bathurst St.. Hamilton, H. E. S.
Toronto, Ont., 296 Garden Ave... LTre, William C., Jr.
Toronto, Ont., 48 Hilts Ave... Williams, H. S.
Vancouver, Northern Electric Co. Walker, E. N.
Nicaragua, Managua, All American Cables. Smith, T. R.
Alexandria, Ras -el -Tin, 4 Magawry St.. Shiba, A. M.
Hangchow, University of Chekiang . Woung, S. S.
Birkenhead, Cheshire, 260 Conway St.. Thornton, J.
Bradford, Yorkshire, 74 Al i,rley St.. Ault, Harold B.
Croeshills Keighley, 1 Newby St. Smith, Harold
Gt. Bookham, Surrey, 'Byways" Sole Farm Rd Hesse, C. M.
High Heaton, Newcastle -on -Tyne, 7 Horsley Rd.. Rush, James
Horsley, London, N. s. 23 Itavenstone Rd .. . ('lark, R. G.
Leicester, 5 Poplar Ave.. Charles, E. E.
Moorgate, London, E. C. 2, I & 1. ('., Ltd. Bruce, J. R.
Rotherhithe, London, S.E. 16, 12 Hens ood Rd. Baxter, H. W.
Southampton, 9(.1 Bernard St.. . Corney, W. D.
Genova, Via A. G. Barrili 1/28 A.. Buttolo, Romeo L.
Ishikawaken, Kanazawa City, Kanazawa Broadcasting Sta-

tion JOJK . Nagamura, S.Macandrew Bay, Woodford
. . Budd. L. W.

Wellington, 183 Willis St..... . Blackwell. W. J.Wellington, Box 605... .... .NIcCutcheon, W. A.Edinburgh, 7, Mertoun Place. Miller, John C.

Rhode Island
Tennessee
Texas

Virginia

Washington

Canada

Central America
Epsrpt
China
England

Italy
Japan

New Zealand

Scotland

California

Dist. of Columbia
Oklahoma
Oregon
Utah
Australia

For Election to the Junior grade
Los Angeles, 3501 Floral Dr...
San Francisco. 16 Avila St.
Ntiashington, 2151 ('alifornia st., w..
Tulsa, 2622 E. Archer
Milwaukee, R. 10, Boc 17s .

Salt Lake City, 632 Wilson Ave.
Melbourne, Vic., 55 Aintree lid..

X

Katzman, Louis
Letainger, Paul R.
Dunne, William
Roach, Harry J.
Perkins, 0. D.
Peterson, H. C.
Archer, E. Lee
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E. F. W. ALEXANDERSON
President of the Institute, 1921

Ernst Fredrik Werner Alexanderson, ninth president of the Institute, wasborn at Upsala, Sweden, on January 25, 1878.
After graduating from the Royal Technical Institute at Stockholm, Sweden,Dr. Alexanderson did some post -graduate work at the Royal Technical Instituteat Charlottenburg. In 1902 he joined the Drafting Department of the General

Electric Company, entering the Engineering Department as a designing engineer
of alternating -current machines in 1904. In 1910 he became consulting engineer,a position he still holds with the General Electric Company. In 1920 he wasappointed chief engineer of the Radio Corporation of America later becomingconsulting engineer to that organization.

In addition to many developments and inventions in the rotating machineryfield, Dr. Alexanderson has been responsible for the design of the Alexandersonhigh -frequency alternator, a system of cascading radio -frequency amplifier stages,a magnetic amplifier for radiotelephony and many other radio developments.He has published numerous papers in the PROCEEDINGS of the Institute ofRadio Engineers and the Journal of the American Institute of Electrical Engi-neers, and is a Fellow of the American Institute of Electrical Engineers.
He was the recipient of the Medal of Honor of the Institute of Radio Engi-neers in 1919. He became an Associate member of the Institute in 1913, a Mem-ber later in the same year, and a Fellow in 1915.
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INSTITUTE NEWS AND RADIO NOTES

Meetings of the Board of Direction

A special meeting of the Board of Direction was held at the office
of the Institute at 2 P.M. on Wednesday, January 21. This meeting
was devoted entirely to a review of the proposed new constitution of
the Institute and was attended by R. H. Manson, president; J. V. L.
Hogan, L. M. Hull, R. H. Marriott, chairman of the Committee on
Constitution and Laws, and Harold P. Westman, secretary.

The regular monthly meeting of the Board of Direction was held
on Wednesday, February 4, at 3 P.M., the following being in attendance:
R. H. Manson, president; Melville Eastham, treasurer; Alfred N.
Goldsmith, Arthur Batcheller, L. M. Hull, R. H. Marriott, and H. P.
Westman, secretary.

As a result of the ballots cast for the office of manager, the Board
declared elected for three-year terms, starting January 1, 1931, L. M.
Hull and A. F. Van Dyck. In addition, J. H. Dellinger, Lloyd Espen-
schied, and Harry Houck were appointed managers for 1931.

E. R. Booker, W. H. Capen, and Paul Schwerin were elected to the
grade of Member, and R. C. Giese, R. F. Guy, and E. L. White were

i transferred to the grade of Member. Two hundred and forty-six ap-
plicants for the Associate grade and fourteen applicants for the Junior
grade of membership were declared elected.

The personnel of the standing committees for 1931 was determined
upon. The Committee on Meetings and Papers will hereafter be known
as the Committee on Papers inasmuch as its scope no longer includes
the preparing of programs for Institute meetings. .

A Section Membership Manual which was prepared by the Com-
mittee on Membership under the chairmanship of I. S. Coggeshall
was approved. This manual, which will be forwarded to all sections,
covers the problems of the Institute as regards the obtaining of new
members.

Radio Transmissions of Standard Frequency, March to June, 1931

The Bureau of Standards announces a new and improved service
of radio standard frequency transmissions. This service may be used
by broadcast and other stations in adjusting their transmitters to
exact frequency, and by the public in calibrating frequency standards
and transmitting and receiving apparatus. The signals are transmitted
from the Bureau's station WWV, Washington, D.C. They can be heard
and utilized by stations equipped for continuous -wave reception at

323
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distances up to about 1000 miles from Washington, and some of them
at all points in the United States. This improved service is a step in
the Bureau's program to provide eventually standard frequencies
available at all times and at every place in the country.

Besides the usual monthly transmissions of specific frequencies,
the Bureau will add another type of transmission which will be much
more accurate than any previous transmissions by the Bureau. This
transmission will be by continuous -wave radio telegraphy on a fre-
quency of 5000 kc, and will consist primarily of a series of very long
dashes. The first five minutes of this transmission will consist of the
general call (CQ de WWV) and announcement of the frequency. The
frequency and the call letters of the station (WWV) will be given every
ten minutes thereafter.

Besides this service, the Bureau will also continue the transmis-
sions once a month on scheduled specific frequencies. These are also
by continuous -wave radiotelegraphy. A complete frequency trans -

March

5000 -Kilocycle Transmissions
1:30 to 3:30 and 8:00 to 10:00 P.M., Eastern Standard Time.

April May June

3 7 5 2
10 14 12 924 28 26 1631 30

Monthly Transmissions, Eastern Standard Time
Time March 20 April 20 May 20 June 22

10 00 P.M. 550 1600 4000 55010 12 600 1800 4400 60010 24 700 2000 4800 70010 36 800 2400 5200 80010 48 1000 2800 5800 100011 00 1200 3200 6400 120011 12 1400 3600 7000 140011:24 1500 4000 7600 1500

mission includes a "general call," "standard frequency signal," and
"announcements." The general call is given at the beginning of each
12 -minute period and continues for about 2 minutes. This includes a
statement of the frequency. The standard frequency signal is a series
of very long dashes with the call letters (WWV) intervening; this sig-
nal continues for about 4 minutes. The announcements follow, and
contain a statement of the frequency being transmitted and of the
next frequency to be transmitted. There is then a 4 -minute interval
while the transmitting set is adjusted for the next frequency.

Information on how to receive and utilize the signals is given in
Bureau of Standards Letter Circular No. 280, which may be obtained
by applying to the Bureau of Standards, Washington, D.C. Even
though only a few frequencies are received (or even only a single one),
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persons can obtain as complete a frequency meter calibration as de-

sired by the method of generator harmonics.
The 5000 -kilocycle transmissions are from a transmitter of 150

watts power, which may be increased to 1 kilowatt early in the year;
they occur every Tuesday except in those weeks in which the monthly
transmissions are given. The monthly transmissions are from a trans-
mitter of 1/2 to 1 kilowatt power; they are given on the 20th of every
month (with one exception).

The frequencies in the 5000 -kilocycle transmission are piezo con-
trolled, and are accurate to a few parts in a million. The frequencies
in the monthly transmissions are manually controlled, and are accurate
to a few parts in a hundred thousand.

In November, 1930, field intensity measurements were made of

the 5000 -kilocycle transmissions from WWV on 150 watts between
Washington and Chicago. The daytime field intensity up to a distance
of about 400 miles from Washington was about 100 microvolts per me-
ter, with fading in the ratio 3 to 1. From this distance to Chicago the
field intensity gradually decreased to about 10 microvolts per meter
peak values with fading the same as above. The evening transmissions
had a field intensity of about 200 microvolts per meter with fading
similar to that in the daytime. Around 8 P.M. the received intensity
was sometimes too low to measure. This happened at distances of from

75 to 150 miles from Washington.
The Bureau of Standards would like to have detailed information

on the reception of the 5000-kilocycles transmissions, and will appreci-
ate receiving reports from any observers on their reception of these
transmissions. Phenomena of particular interest are approximate field
intensity, and fading (whether slow or rapid, and approximate time
between peaks of signal intensity). The Bureau would also like to re-
ceive comments on whether or not the transmissions are satisfactory
for purposes of frequency measurement or control. Reports on the re-
ception of the transmissions should be addressed to Bureau of Stand-
ards, Washington, D. C.

Committee Meetings
COMMITTEE ON ADMISSIONS

A meeting of the Committee on Admissions was held at the office
of the Institute on February 4 at 10 A.M. R.A. Heising, vice chairman;
A. V. Loughren, R. H. Marriott, E. R. Shute, and J. S. Smith were in
attendance. An application for transfer to the grade of Fellow was
tabled pending additional data. Of two applications for transfer to
Member, one was approved and three of five applications for admission
to Member were approved.
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STANDARDIZATION
TECHNICAL COMMITTEE ON RADIO RECEIVERS-I.R.E.

SUBCOMMITTEE ON AIRCRAFT RECEIVERS

A meeting of the Subcommittee on Aircraft Receivers operating
under the Technical Committee on Radio Receivers of the I.R.E. was
held at 10 A.M. on February 5 and was attended by Virgil M. Graham,
chairman; S. E. Anderson, E. J. T. Moore, and R. M. Wilmotte.

TECHNICAL COMMITTEE ON RADIO RECEIVERS-I. R. E.
SUBCOMMITTEE ON HIGH -FREQUENCY RECEIVERS

A meeting of the Subcommittee on High -Frequency Receivers of
the Technical Committee on Radio Receivers of the Institute was held
on January 13 and attended by C. M. Burrill, chairman; H. M. Lewis,
H. 0. Peterson, F. A. Polkinghorn, S. E. Spittle (representing Paul
Watson), and B. Dudley, secretary.

Another meeting of this same subcommittee was held at 10 A.M. on
February 5. Those present were C. M. Burrill, chairman; C. A. Gun-
ther (nonmember), H. 0. Peterson, F. A. Polkinghorn, S. E. Spittle,
V. K. Whitman (representing H. M. Lewis), and B. Dudley, secretary.

TECHNICAL COMMITTEE ON RADIO RECEIVERS-A.S.A.
The Technical Committee on Radio Receivers operating under theSectional Committee on Radio of the American Standards Associationheld a meeting at 10 A.M. on January 16. This meeting was attended byVirgil M. Graham, chairman; E. T. Dickey, J. W. Fulmer (represent-ing H. B. Smith), Leslie Woods (representing W. M. Grimditch), andB. Dudley, secretary.

Institute Meetings
CHICAGO SECTION

A meeting of the Chicago Section was held on January 29 in theEngineering Building of the Western Society of Engineers, Byron B.Minnium, chairman, presiding.
A paper on "The Theory and Practice of Photo -Electric Cells" waspresented by A. J. McMaster. The speaker gave an interesting andclearly presented outline of the various photo -electric phenomena.Photo -voltaic, selenium, and photo -electric cells were treated. Theproperties of these were first presented and their connection withthermionic work functions pointed out. The manufacturing methodsand properties of caesium-oxide cells having greater than normal redresponse characteristics and the effect of the frequency of light pulsa-tions followed. Their applications and some details of the General Elec-
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tric color machine were given. The general discussion which followed

was entered into by Messrs. Bohrlard, Dodge, Durham, Hoag, Krantz,

and Minnium.
The meeting was attended by ninety members and guests.

CINCINNATI SECTION

The fifteenth meeting of the Cincinnati Section was held on Janu-
ary 13 at the Cincinnati Chamber of Commerce, Dorman D. Israel,
chairman, presiding.

"The Audio -Frequency Transformer; Its General Theory, Design
and Use in Communication Circuits" was the subject of the paper pre-
sented by J. P. Barton of the General Motors Radio Corporation of
Dayton, Ohio.

The general circuit and theory of the audio -frequency transformer
was developed and permissible simplifications in practical cases were
pointed out. Applying the simplified theory, the stages in the actual
design of a commercial high quality audio-frequency transformer was
traced. The process was illustrated with curves, practical working
limits being pointed out. It was stated that the results of actual meas-
urements on transformers designed by this procedure check the method
to within a few per cent.

The paper was discussed by Messrs. Blair, Kilgour, and Osterbrock
of the fifty-seven members and guests in attendance.

The personnel of the standing Committees on Meetings and Papers,
Membership, and Publicity was appointed.

CONNECTICUT VALLEY SECTION

The January 29 meeting of the Connecticut Valley Section was held
at the Hotel Garde, Hartford, R. S. Kruse, chairman, presiding.

A paper on "Pentode Development" was presented by B. V. K.
French, assistant engineer of the United American Bosch Corporation
at Springfield, Mass.

The paper covered briefly the history of the pentode and discussed
its output characteristics in some detail, particularly with reference to
audio -frequency work. The paper was illustrated with slides showing
the characteristics of some experimental pentodes as well as those of
some tubes now available to the public. A demonstration of the pen-
tode in comparison with triodes was given, the test set consisting of a
phonograph turntable, a single stage of voltage amplification using a
227 -type tube, and an output stage arranged to use either a pair of 245
tubes in push-pull or a pentode of about the same power output rating.
The input to the output stage was fed through an attenuator calibrated
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in db so that a comparison of the sensitivity of the two amplifiers could
be made.

R. S. Briggs of the Champion Radio Company explained briefly
some of the constructional difficulties of the pentode and demonstra-
ted an experimental midget receiver using one of the tubes.

Several of the thirty-seven members and guests in attendance par-
ticipated in the discussion.

DETROIT SECTION

The January 16 meeting of the Detroit Section was held in the
Detroit News Auditorium. Due to the absence of both the chairman
and vice-chairman, A. B. Buchanan presided.

The speaker of the evening, D. H. Vance of the Radio Engineering
Department of the General Electric Company, presented a paper on
"Facsimile Transmission and Reception."

A general résumé of past work of the General Electric Company
commencing with Dr. Alexanderson's early laboratory experiments
and covering the WGY and WEAF transmissions of 1926 and 1927,
the South Schenectady -Marshall (Calif.) circuit, the work at Rocky
Point in 1928, and the Oakland Schenectady circuit of 1929 and 1930
was given.

The author then considered the problems involved in the conver-
sion of the variations in density of the pictures to be transmitted into
corresponding electrical impulses, the transmission of these impulses
over control lines, the problems maintaining good fidelity and the
elimination of undesirable effects due to line noises and distortion, the
control of the transmitting equipment by these impulses, their recep-
tion, conversion into impulses suitable for controlling the recording
equipment, and the recording problems.

The paper was discussed by a number of the sixty members and
guests in attendance.

Los ANGELES SECTION

A meeting of the Los Angeles Section was held on January 19 at the
Rosslyn Hotel, chairman T. E. Nikirk, presiding.

A paper on the "Radio Monitoring Work of the U. S. Department
of Commerce" was presented by G. L. Jensen of the Bureau of Stand-
ards. This was followed by a second paper by E. Underwood of the
Don Lee Broadcasting System who discussed "The Short -Wave Stand-
ard Frequency Station of the Don Lee Broadcasting System." These
papers were discussed by Messrs. Alverson, Hardy, Kennedy, Ludlum,
Lubcke, and Nikirk.

Forty-six members and guests attended the meeting.
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NEW YORK MEETING

The regular February New York meeting of the Institute was held

on the 4th in the Engineering Societies Building, 33 West 39th Street,

New York City.
The speaker of the evening was Malcolm P. Hanson who was for-

merly chief radio engineer of the Byrd Antarctic Expedition and who at

present is with the Naval Research Laboratory at Anacostia, D. C.

His paper on "Radio in the Antarctic" covered some experiences in the

Antarctic showing extensive applications of radio communication as
employed on the Byrd Expedition. Various types of radio equipment
such as were used at the base station, on board ship and aeroplanes,
and on the dog sleds were illustrated. The physical conditions under
which the equipment had to function were shown and the radio condi-
tions encountered together with the scientific radio measurements ob-

tained on the expedition were discussed. The paper was illustrated by
over one hundred and fifty slides of scenes encountered in the Antarctic.

Four hundred and fifty members and guests were in attendance.

PHILADELPHIA SECTION

A meeting of the Philadelphia Section was held on January 21 at
The Engineers Club, D. 0. Wheland, vice chairman, presiding.

A paper by A. H. French, manager of aeronautic sales, Industrial
Department, General Electric Company, on the "Application of Elec-
trical Apparatus to Aircraft" was read by E. H. Alexander of the Sales
Department of the General Electric Company due to the fact that Mr.
French was called away at the last moment and could not attend the
meeting.

The paper dealt with the complete electrical equipment of aircraft,
covering navigational instruments, indicating instruments, and radio.

Following the reading of the paper, C. A. Brokaw gave an illus-

trated talk on instruments used in aircraft, and L. Linden covered radio
transmitters and receivers employed in aeronautical work. These two
talks were by members o the RCA -Victor Company staff at Camden
and showed pictures of the equipment described in the paper by Mr.
French and in addition permitted the demonstration after the meeting
of some sample equipment.

The general discussion of these papers were entered into by a num-
ber of the sixty members and guests in attendance.

PITTSBURGH SECTION

A meeting of the Pittsburgh Section was held at the Fort Pitt Hotel
on January 27, vice chairman J. G. Allen, presiding.
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A paper by C. A. Boddie of Wilkinsburg, Pa., on "Some Problems of
Carrier Current Communication" was presented. The author intro-
duced the subject by going over some of the work covered in material
already published, and in his opening discussion quoted frequently from
such works. A lengthy series of slides were then shown while the author
explained the problems and their associated equations. His discussion
covered such matters as insulation, reflection, peak voltage, capacity,
resistance, etc. of carrier current lines, and a model showing the field
surrounding a suspended conductor was shown and explained. A com-
parison between the fields surrounding antennas and suspended con-
ductors was made so that use may be made of the parabolic model in
examining the field of the antenna.

At the close of the presentation of the paper, an extensive and in-
teresting discussion, which was participated in by most of the forty
members and guests in attendance, ensued.

ROCHESTER SECTION

A regular meeting of the Rochester Section was held on January 8
at the Sagamore Hotel, H. J. Klumb, presiding.

E. M. Gilbert, president of W. S. Barstow Company, presented a
paper on "Modern Power Plant Design "

Mr. Gilbert presented a very interesting illustrated talk upon the
design problem confronting the engineers who are called upon to pro-
duce power plants which will compete in the electrical industry with
existing p ants or proposed plants He illustrated his points with refer-
ence to the new Gilbert Station at Holland, N. J. This station operates
on a steam pressure of 1200 lbs. This pressure was resorted to as the
most economical and efficient that could compete with other stations
when coal was $5.50 per ton at the location of the Gilbert Station.

There is a trend toward placing all of the important units on one
floor level and eliminating all partitions. In this manner one operator
can control the entire plant from a single station as well as have a gen-
eral view of each machine as he starts or stops it. This includes the
boilers which use powdered fuel.

Two hundred and four members and guests attended the meeting.
ROCHESTER SECTION FOR PRESIDENT MANSON

On the evening of January 19, the Executive Committee of the
Rochester Section gave a surprise dinner at the Normandie Inn, Sodus,
N. Y., in honor of the election of R. H. Manson as President of the
Institute for 1931.

The entire dining room was occupied by the party and Harry
Gordon, chairman of the Rochester Section, acted as toastmaster.
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Several excellent speeches were made and all those in attendance

considered the event highly successful.

SAN FRANCISCO SECTION

The January 21 meeting of the San Francisco Section was held at

the Pig'n Whistle Restaurant, Walter D. Kellogg, chairman, presiding.

P. T. Farnsworth, director, Television Laboratories, presented a

paper on "Some Recent Developments in Television." A brief résumé

of the mathematics and problems encountered in the transmission of

television over a narrow band of frequencies without the use of syn-

chronous disks was given.
A discussion followed the presentation o the paper,afterwhich those

present adjourned to the Television Laboratories and saw a practical

application of the theory discussed at the meeting. A moving picture

of Lee de Forest transmitted over a five- to seven -kilocycle band was

shown.
Fifty-one members and guests attended the dinner which preceded

the meeting and seventy-one were in attendance at the meeting.

SEATTLE SECTION

A meeting of the Seattle Section was held at Guggenheim Hall, Uni-

versity of Washington on January 29, Abner R. Willson, presiding.

A paper by T. NI. Libby on "Radio Interference and its Suppres-
sion" covered in complete detail the suppression of different forms of

interference varying in nature from telegraph lines to oil burners. The

introduction to the paper was an analysis of the harmonic components
of the more common kinds of interference.

A second paper by J. R. Tolmie on the "Mathematical Analysis of
Interference Gradients" was presented. It covered the mathematical
analysis of interference gradients from direct -current systems, such as
telegraph circuits. The harmonic components of interfering currents

were detailed.
During the discussion of these papers which was entered into by

Messrs. Begg, Eastman, Lovejoy, Parrett, Tolmie, Voris, and Williams
the matter of the signal level provided by the local broadcast stations
with respect to local interference was considered.

The attendance totaled one hundred members and guests.

TORONTO SECTION

A meeting of the Toronto Section was held on December 17 at the
University of Toronto, J. M. Leslie, chairman, presiding.

"An Electrical Method of Determining Atmospheric Dampness and
Humidity" was the subject of the paper by E. S. Burton of the Univer-
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sity of Toronto. Arnold Pitt, an assistant to Professor Burton, aided
in the demonstration of this new electrical device by means of which
infinitesimal quantities of moisture may be quickly determined. The
instrument, it is anticipated, will be especially valuable in measuring
the amount of moisture in wheat and grain. It is equally valuable in
determining the electrical conductivity or insulating value of sub-
stances, measuring water crystallization in salts, and detecting im-
purities in materials.

The paper was discussed by F. K. Dalton, C. A. Lowry, and Pro-
fessor Rose borough of the forty-four members and guests in attendance.

WASHINGTON SECTION

The December meeting of the Washington Section was held on the
11th at the Continental Hotel, L. P. Wheeler, chairman, presiding.

L. V. Berkner, assistant radio engineer of the U. S. Bureau of
Standards, presented a paper on "Some Studies of Radio Wave Propa-
gation Made on the Byrd Antarctic Expedition."

The author was located at Duneden during the Byrd Expedition
and conducted continuous tests on reception from various stations at
various frequencies. In the broadcast band observations were made
principally on KFOX, KNX, WENR, and KHJ with some observa-
tions on WLW, WGY, and KGO. High -frequency studies of the trans-
missions from W2XAF, W2XK, KDKA, W6XN, W8XK, G5SW,
GBX, and PCS were made. Measurements were also made on trans-
mission from Little America.

Many stereopticon slides showed charts on great circle projections
of the paths taken by the waves and how the paths shift from one way
around to the other, following darkness. Other slides gave curves of
quantitative measurements of signal strength.

The paper was discussed by Drs. Dellinger, Jolliffe, and Wheeler,
and Messrs. Burgess, Davis, Hanson, and McBride.

Sixty-five members and guests attended the meeting, twenty-eight
of whom were present at the dinner which preceded it.

The January 8 meeting of the Washington Section was held at the
Continental Hotel, John B. Brady, presiding.

A paper on "Paralleling the Alaskan Cable with Radio" was pre-
sented by Major General George S. Gibbs, Chief Signal Officer, U. S.
Army, with detailed discussions by Captain W. V. Parker and Lieu-
tenant W. T. Guest, both of the Signal Corps.

The paper was discussed by a number of the forty-eight members
and guests in attendance.

By-laws for the Section constitution were adopted.
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A RADIO METHOD FOR SYNCHRONIZING
RECORDING APPARATUS*

BY

T. PARKINSON' AND T. R. GILLILANDI
('Formerly Bureau of Standards, Washington, D. C.; at present, University of Michigan, Ann Arbor,

Michigan; *Bureau of Standards, Washington, D. C.)

Summary-A method is described for running two radio fading recorders at the

same speed when it is necessary to have one of the recorders portable so that it can be

moved to various distances from the other. In the work reported each of the recorder

drums was propelled by a synchronous motor of the type used for clocks. Since wire

connections were not practicable the portable recorder was controlled by a radio trans-

mitter placed at the fixed station. The same 60 -cycle source of power used to drive the

synchronous motor at the fixed station was used to modulate the transmitter, the signal

of which was received at the portable station and amplified sufficiently to drive the

synchronous motor there. With the transmitter working on low power it was possible

to drive the recorders at the same speed when separated by a distance of 16 km. A
method is described for marking the two records simultaneously so that they can be

superposed.

HE need of synchronizing duplicate recording mechanisms when

widely separated in space and when placed in situations which
prohibit wire connecting circuits, resulted in the development by

the Bureau of Standards of a simple radio method which may be of.
interest in other lines of research. When it became desirable to com-
pare graphic fading records of the same radio transmission as meas-
ured at two points of varying separation, it was found that no recorders
were available which could be depended upon to run independently,
and at the same time insure equal speeds of the recording tapes. Where
wire connections were permissible, synchronous Motors driven by a
common power supply were satisfactory, but for the projects in hand
it was necessary to have one receiving station complete in itself on a
laboratory car, which could be moved to any desired distance. Experi-
ments with spring-driven.apparatus and with governor -controlled elec-
tric motors showed that only at accidental intervals was there sufficient
agreement in their speeds to produce pairs of ,records which could be
superposed for comparison. Even slight discrepancies in speed were
serious since the changes studied were often very rapid, sometimes hav-
ing periods as short as five seconds.

Because synchronous motors of the type used for clocks had given
very satisfactory results when supplied by wire from the same source

* Decimal classification: 365.3. Original manuscript received by the Insti-
tute, November 21, 1930. Publication approved by the Director of the Bureau
of Standards of the U. S. Department of Commerce.
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336 Parkinson and Gilliland: Synchronizing Recording Apparatus

of alternating current, it was thought possible to arrive at the same
result by radio. Initial experiments verified this belief, and the system
hereinafter described was developed and found satisfactory.

The general method consists of the transmission from a transmitter
of the half -wave, self -rectifying type with 60 -cycle plate supply, and
the reception and amplification of this transmission in such a manner
that the output is sufficient to drive the 6 -watt synchronous clock
motor, which in turn propels the recorder drum through a system of
gears. The same 60 -cycle supply which is stepped up in voltage to sup -

RADIO TRANSMITTER WITH 60-CeCLE. PLATT_ 5UPPLy

(WW1 OF APPARATUS FT CONTROL STATION

DOW TYPE FADING RECORDER.-

APPAPATUD
CDR INDIC-
TING FADING

L
SP.C.IRDNIZING

K./FL,

KIM( FOR COOL

LINE.

Fig. 1.-Schematic diagram of apparatus at control station.

ply the plate of the transmitting tube is also used to operate directly a
secondsynchronous motor and recorder near the transmitter, suitable
reactors and condensers being used in the connecting lines to prevent
these conductors from introducing a strong field at the point where re-
ceiving measurements are to be made.

Figs. 1 and 2 show the connections used at the control station and
at the portable station, respectively.

In order that the records might be superposed for comparison, it
was necessary that some method be devised for marking them simul-
taneously. This was accomplished by attaching a small relay, B, (Fig. 2)
to the iron yoke of the synchronous motor at the portable station in
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such a manner that the relay is held open as long as alternating cur-

rent flows in the motor circuit. When the flow is stopped the relay

closes the battery circuit, causing a magnetically-operated pencil to

APPARATUS FOR PFrPIVING AND AMPLIFYING
TRANSMISSION WITH 60 -CYCLE MODULATION TO

DRIVE SYNCHRONOUS MOTOR..

A' SYNCHRONOUS MOTOR,.
5, RELAY HELD OPEN WHEN CURRENT

FLOWING IN MOTOR CIRCUIT

APPARATUS FOR
nINDICATING FADING

SHAW TYPE- FADING
RECORDER.

SYNCHRGNIZING
MARKF-R-

--I

-J

Fig. 2.-Schematic diagram of apparatus at portable station.

make a mark on the record. With the circuits as shown in Fig. 1 the
closing of key K1 with switch S in the recording position, causes relay

1 to open the alternating-current supply, thus stopping the transmit-

ter and the motor at the control station. The closing of K1 also oper-

112A

1. 2 7

III
INPUT
FROM

RECENING
SLT

FILTER r

71"4;

FILTER CI.P,OFF FREQUENCY, 80
OLAPACTLR*TIG IMPLOANCL. 4000.11.

Is" I 1 2.7

6

t 2 7
2 -TYPE. 290,TUBL9
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1 O

-.35V -9V .ISSN m9/ -WOG 4.5SoV

5VNCL4 I NOW
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Fig. 3.-Circuit diagram of amplifier used for driving synchronous clock motor.

ates relay 2, thus causing the marker to make a mark on the record.
But the stopping of the transmitter also stops the motor at the porta-
ble station and causes a mark to be made upon the record there. Thus
the closing of K1 stops the recorders at both stations and causes marks
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to be made simultaneously on both records. Both recorders will start
out together when K1 is opened.

It is possible to use the same transmitter to communicate by tele-
graph with the portable station merely by throwing switch S to the
left position and operating K2.

SYNCHRONIZING MARK

A
(

1J

ONE mi NUT E SYNCHRONIZING MARK

Fig. 4.-A pair of radio fading records made simultaneously on transmission from
WJZ, Boundbrook, New Jersey. Record shown with solid line made at field
station near Kensington, Maryland. Dotted record made in laboratory car
at 0.7 km distance from field station.

Fig. 3 is a diagram of the amplifier used for driving the synchronous
motor at the portable station. Best results were obtained when the
condenser in the output circuit was of the size which tuned the series
circuit including the condenser and motor to 60 cycles. For the motor

Fig. 5.-Photograph of apparatus at control station. Receiving set on the left
with galvanometer and recorder in center. Control switches and keys at
right. Synchronizing marker can be seen at right edge of recorder drum.

used, a 2-,uf condenser gave best results. Although it was possible to
drive the motor by using only one type 250 tube in the output circuit,
more stable operation resulted when two tubes were used in parallel.
In testing out the amplifier it was found, by means of an oscillograph,
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that the motor would operate better as the wave -shape of the current
approached pure sinusoidal form. In order to eliminate higher har-
monics a low-pass filter with a cut-off at 80 cycles was placed between
the first and second stages.

A single 250 -watt tube was used in the Hartley transmitter circuit
arrangement shown in Fig. 1. The frequency used was near 1700 kc,
and was adjusted so that it would not interfere with the near -by re-
ceiving measurements. No trouble was experienced in controlling the
portable recorder at a distance of 16 km when the transmitter was
operating with small output. If necessary, it should be possible to work

at much greater distance.

Fig. 6.-Photograph of apparatus at portable station in laboratory car. Receiv-
ing set for fading measurements at left. Galvanometer with recorder in cen-
ter. Set for receiving 60 -cycle transmission at right below. 60 -cycle ampli-
fier at right above. ,

Fig. 4 shows a pair of typical records which have been superposed.
The record shown with the solid line was made at the control station, '

while the dotted record was made at the portable station in the labora-
tory car at a distance of 0.7 km. Both are records of transmission from
WJZ, Boundbrook, New Jersey. (760 kc), and were made at 9 : 00 P.M.,
E. S. T., December 13, 1929, near Kensington, Maryland. The tape
speed used was 4.75 cm per minute.

Although in the arrangement described one of the recording stations
was placed near the transmitter and power lines, it would be possible
to make it similar to the portable outfit and place it in any desired posi-
tion. Any number of recorders of the type described might easily be
controlled by the same transmitter.
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Fig. 5 is a photograph of apparatus at the control station, while
Fig. 6 shows apparatus of the portable station set up in the laboratory
car.

The writers wish to acknowledge the valuable assistance given by
W. H. Doherty and G. L. Davies in the design and construction of the
apparatus.
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EUROPEAN AVIATION RADIO*

BY

GERALD C. GROSS
(Federal Radio Commission, Washington, D. C.)

Summary-The author summarizes observations made on an inspection trip
over the major European airways. Aviation radio in Europe differs from aviation
radio in the United States in the prevalent use of intermediate frequencies ex-
clusively.

European aviation radio may be divided into three major classifications as

follows:
(1) Communications from ground to plane and plane to ground.
(2) Point-to-point communications in connection with the traffic dispatching

of aircraft.
(3) Meteorological communications relating to safe flying conditions.
The type of equipment used for receiving and transmitting on ground and on

aircraft, together with the frequencies and power used, is described.
The present system of direction finding is given in detail. The use of high fre-

quencies for aviation radio in Europe is still in a highly experimental stage.

AT° THE close of the first meeting of the International Technical
Consulting Committee on Radio Communications at The Hague,
the author made an inspection trip of the principal airports of

Europe to secure information concerning current operating practices
in European aviation radio. The tour, starting at The Hague, was en-
tirely by airplane, and included successive stops at Amsterdam, Han-
nover, Berlin, Cologne, Paris, and London.

Aviation radio in Europe differs from aviation radio in the United
States in that the entire system of ground -to -plane, and plane -to -plane
communication in Europe is based on the use of intermediate fre-
quencies in the frequency band centered around 333.3 kilocycles; in the
United States, high frequencies are almost exclusively used.

Radio communications in' connection with aircraft fall naturally
into three major headings, as follows:

(1) Communications from ground to plane and plane to ground.
(2) Point-to-point communications in connection with the traffic

dispatching of aircraft.
(3) Meteorological communications relating to safe flying condi-

tions.
Under the first heading given above, namely, communications from

ground to plane and plane to ground, the two frequencies universally
* Decimal classification: R520. Original manuscript received by the In-

stitute, January 13, 1930. Revised manuscript received by the Institute, July
16, 1930.
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used for communications to and from aircraft are 322.6 kilocycles (930
meters) and 333.3 kilocycles (900 meters). In addition to these two .

frequencies, the frequency 344.8 kilocycles (870 meters) is also used for
direction finding from the ground, in order that a plane flying over a
certain sector may be given its exact position by the ground station.

Fig. 1-Junkers all -metal monoplane.

Practically all transmissions from aircraft in flight are carried on by
radiotelephony, with the exception of the German planes carrying radio
operators who use radiotelegraphy.

The equipment used for transmitting on aircraft consists of an in-
termediate -frequency transmitter with a maximum power ranging from
50 to 120 watts, and feeding into a trailing -wire antenna.

Fig. 2-Loading baggage at Cologne Field.

For receiving, the sets used are in general of a simple type rela-
tively low sensitivity receiver, using one or two stages of radio -fre-
quency amplification, a detector permitting the use of regeneration,
and usually one stage of audio -frequency amplification. The micro-
phones used in the transmitting sets and the audio -frequency stages
in the receiving sets are designed to cut off practically all frequencies
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above 3000 cycles in order to reduce the interference from engine noises.
I This results in an artificial sound of the voice, but with a little practice
tin listening, it is not hard to secure intelligibility.

Fig. 3-Just before landing at Le Bourget.

The direct communication with aircraft has been perfected to a
highly efficient degree at all the major airports of Europe, considering
the scarcity of frequencies and the congestion and interference that
must inevitably result when several aircraft are in the air at one time

Fig. 4-Junkers all -metal trimotored monoplane.

in the same locality. All communications from aircraft stations are
rigidly limited to messages essential to the proper functioning of the
plane in flight; for instance, an airplane leaving Croydon airport for a
flight across the English Channel to Le Bourget field in Paris, must
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send a checking -out signal to the Croydon operator as soon as the air-
craft has had time to gain sufficient altitude to permit the operator to
unreel his trailing -wire antenna. This message is sent in abbreviated
form, by voice, somewhat as follows:

Fig. 5-Le Bourget civil aerodrome.

"Plane XYZ leaving Croydon for Le Bourget."
After the ground station has acknowledged this communication,

the plane does not transmit again until it reaches the English Channel,
when it will simply announce that it is leaving the English coast to

Fig. 6-Bleriot air union liner.

cross the channel. As soon as the channel crossing has been effected the
report is once more sent, and contact is established with Le Bourget,
and the final communication is the one just before the landing at the
port of destination.

By thus limiting superfluous transmissions, it is posible to carry on
a great many communications on a single frequency.
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The direction -finding service furnished to aircraft is similar to that
furnished ships along the coasts of the United States by United States

Fig. 7-Le Bourget field, Paris.

Fig. 8-Le Bourget field, Paris.

Naval stations. The aircraft desiring such report informs the ground
station of this fact, either on its regular frequency or on the special
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direction -finding frequency, 344.8 kilocycles (870 meters). After having
established contact with the ground station, it transmits for a period
of a few minutes, during which time the station called and at least two
other ground stations, situated in different directions from the plane,

Fig. 9-Imperial airways silver wing air liner.

take bearings on the plane by means of the minimum signal method.
Stations in Germany use the large directly rotating loop antennas for
this purpose, while those in Holland, France, and England use the Bel-
lini-Tosi system, consisting of two large fixed loops crossed at an angle

Fig. 10-Imperial airways biplane.

of 90 degrees and connected to a goniometer, which performs the same
function as actually rotating the large loops themselves.

The European nations have adopted the following system of con-
trol stations in direction finding operations over various air routes:
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For England: Croydon is the control station with stations at Pul-
ham and Lympne operating for cross bearings.

Fig. 11-"Argosy" over Croydon aerodrome.

For France: Le Bourget acts as the control station with Lympne
and Valenciennes operating as cross -bearing stations.

Fig. 12-Imperial airways passenger saloon, silver wing service de luxe.

For the German -Belgian route: Brussels acts as the control station,
with Valenciennes and Croydon acting as the cross -bearing stations.

For the Netherlands -German route: Rotterdam acts as the control
station, with Pulham and Brussels furnishing the cross bearings.
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The position given is generally accurate to within one or two kilo-
meters and requires no more than two or three minutes to secure.

Under the second heading above, namely, point-to-point communi-
cation between airport stations, the frequencies 217.4 kilocycles (1380
meters) and 247.9 kilocycles (1210 meters) are used. Constant com-
munication is obtainable between the various airports and messages

Fig. 13-Control tower, Croydon aerodrome.

relating to the arrivals and departures of aircraft are exchanged. The
transmitting sets consist usually of the master -oscillator type, without
crystal control, with a power ranging from 1 to 5 kilowatts; communi-
cation up to 700 miles can be effected.

Under the third classication given above, namely, meteorological
communications, this service is conducted among the European sta-
tions on the frequencies 238.1 kilocycles (1260 meters), 232.9 kilo-
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cycles (1288 meters), and 150 kilocycles (2000 meters). Each station
in the network transmits its synoptic meteorological messages at regu-

Fig. 14-The London terminal aerodrome.

lar intervals on the prearranged time schedule. These messages are
sent broadcast and are picked up by the other stations and assembled

Fig. 15-Croydon waiting room.

in proper form at the various airports for the information of pilots ar-
riving and departing. No acknowledgements are made of these recep-
tions by the stations receiving these broadcasts, and it is therefore in-
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cumbent upon each station to transmit only during the times assigned
to it by schedule, in order to permit interference free reception to all
the other stations.

The organization of control stations for direction finding and the
arrangements for meteorological schedules bring up many problems
which have to do with international relations, and for this reason un-
official aeronautical conferences are held twice each year, once in the
spring before the summer passenger services begin operations, and once
in the fall before the winter schedule goes into effect, in order to bring
up pending questions for discussion and solution. These conferences,
called "Conference Aeronautique Internationale," are attended by un-
official government delegates, but, although no formal conventions are
signed, the regulations have a moral binding force. The following
nations are the principal ones forming these conferences: Great Britain,
France, Belgium, Holland, Germany, Czechoslovakia, Saar Territory,
and Switzerland.

Occasional informal conferences affecting the mutual interests are
also held between Germany, Holland, Denmark, Norway, and Sweden.

Although the use of high frequencies has not extended to regular
schedule operation on aircraft or ground stations, considerable experi-
mental work is being done in this field, particularly in connection with
the point-to-point and meteorological services. A number of meteoro-
logical transmitting sets are now operating on high frequencies simul-
taneously with the low -frequency transmitters, and at some future date
it may be possible to displace entirely the intermediate -frequency
equipment in this service.

The use of high frequencies on aircraft, however, is in a much more
nebulous state and the consensus of opinion among European aviation
radio engineers seems to be that much progress will have to be made in
the high -frequency field before the present intermediate -frequency ap-
paratus used on aircraft will be superseded.

-010)-0-01110.--+



DISCUSSION

L. M. Hull': In connection with Mr. Gross' succinct outline of the radio

systems now in use on the European commercial airlines, certain comparisons

from both engineering and economic angles, with current American practice, are

worth mentioning. Commercial aircraft radio in Europe, under complete govern-

ment control and support from the beginning, has been confined during the past

ten years to progressive organization and refinement of methods fully known at

the beginning of the decade, without major additions thereto. American prac-

tice in the same field, supported and sponsored by private agencies with non -

regulatory participation by the government, has grown up with considerable

haste during the past three years along radically different lines. The European

transport companies have paid the penalty of the pioneer in that the ground-

work of their safety communications systems was laid before practical operating

knowledge was available on methods which are extensively used in this country.

An extensive plan of cooperation between the air ministries of various countries

was worked out in such detail that radical alterations in technique became a

matter of international agreement, and are therefore extremely slow in practice.

Only one or two continental countries maintain such an extensive system of do-

mestic air transport that new communication methods can be tried out on a

practical scale without seriously interfering with international traffic. And their

work is subject to inherent limitations which are fortunately never brought to

the attention of the American transport operator. For example, high -frequency

radiophone service (3000 to 6000 kc) between airplane and ground, which is now

a commonplace feature of American airline operation, does not fit into the Euro-

pean scheme of things except on an experimental basis, because 6000-kc waves

are too apt to cross several international boundaries, particularly at night.
In Europe, two-way communication is an essential element, not only of the

aircraft dispatch operations but also of the position finding service now in vogue.

Thus the radio ground stations are all owned and operated by the same govern-
mental departments that operate the position finding stations. Close coordina-
tion with the aircraft operating organizations results from the fact that they are,
indirectly, government -owned. In this country, the government's contribution
in direct radio service is confined to one-way radio broadcasting-the broad-
casting of guiding signals along the airways from "radio beacons" and radio-
phone weather reports. The maintenance of two-way communication facilities
is left to the privately owned companies who fly the airways. The desirability of
general government subsidies for airlines is of course a major problem in econom-
ics. But it is believed that under existing conditions of private ownership of
American air transport lines, the most rational and indeed the only practical
balance between government control and private control of radio communica-
tions is now being maintained. Private operators have full liberty, under rea-
sonable restrictions as to frequency allocations, to try any innovations which
they deem proper in the interests of safety, while the government "radio light-
house" service is always available for general public use. Rapid and efficient ex-
tension of this service to all the principal airways of the country is the most ef-
fective means of encouraging the use of radio by all who fly, without resorting
to compulsory measures which in the very nature of things must define limits
and thus by implication hamper inventive development. Such an extension will

1 Radio Frequency Laboratories, Boonton, N. J.

351



352 Hull: Discussion

also go far toward removing the outstanding disadvantage accompanying the
separation of navigational radio from privately -owned two-way radio that now
characterizes American practice. This disadvantage is the comparative scarcity
of radio facilities for the private flier who does not follow established airways.
In England the private flier who is sufficiently progressive and affluent to equip
his plane with a two-way radio outfit is assured of an assumption of responsibility
for his safety by any government station within range. In this country such an
individual has no public ground stations to which he can appeal for help, and
under existing conditions can obtain guidance over only a few sections of the
country. Thus it is probably true that the American system of aviation radio,
under existing conditions, is less useful to the individual flying his own airplane
than the European system under complete government ownership.
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NOTE ON THE FIFTEEN-MONTH PERIOD IN SOLAR
ACTIVITY, TERRESTRIAL MAGNETISM, AND

RADIO RECEPTION*

BY

GREENLEAF W. PICKARD
(R.C.A. Victor Co. of Massachusetts, Boston, Mass.)

Summary-A. marked 16 -month period has been found in sun spots, terrestrial
magnetism, and radio reception. Early in 1929 this cycle abruptly changed phase by
about 60 deg., 210 deg., and 160 deg., respectively, for these elements, resulting in
changed relations between solar activity and the two geophysical measures.

1
T HAS long been known that solar activity shows a number of well
marked cycles, with periods ranging from the major one of 11
years down to even such short intervals as days, which are reflected

to a greater or less extent in disturbances of terrestrial magnetism.
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More recently I have shown that certain of tinse solar periods are
also found in radio reception'. Abbot, in an analysis of the Smith-
sonian measures of solar constant, which then included 6 1/2 years of
data, found several short periods, including one of 15 2/3 months.2
Alter and other meteorologists have also called attention to a 15 -month
period as a ninth harmonic of the 11 -year cycle, and of significance in
world precipitation.

Fig. 1 is a graph of sun spot numbers for the period 1921-1930,
which includes the last maximum and minimum of this solar index. The
full line curve is made from monthly averages of sun spot numbers,
smoothed by a 3 -month mean, while the dotted curve is a moving 15-

* Decimal classification: R113.2. Original manuscript received by the Insti-
tute, November 22, 1930.

Paoc. I. R. E., 15, No's. 2, 9, and 12, 1927.
2 C. G. Abbot, "A Group of Solar Changes," Smithsonian Miscellaneous

Collections, 50, No. 2; April, 1927.
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month average which serves as a base line. Aided by the seven arrows
placed at exact 15 -month intervals, the cycle can be seen at a glance.

Nor is this cycle peculiar to the last sun spot period. In Fig. 2 is
shown a mean of the sun spot maxima of 1860, 1870, 1884, 1894, 1907,
1917, and 1928 aligned with respect to the month of highest spot num-
ber, which falls on "0" of the figure. As before, the full line curve is a
moving 3 -month mean of sun spot numbers, while the dotted line re-
presents a further smoothing by a 15 -month average. Again, the 15 -
month cycle shows clearly, as does also a double -frequency component
of 7 1/2 month period.

120

x00

BO

60

E 40

0
5

I i I

3 2 1 0 1 2 3 4 5
YEARS

Fig. 2.

For the first three years' recording of night field from WBBM, the
monthly values swung rather closely inversely to sun spot numbers,
but early in 1929 they parted company, and for the past eighteen
months have shown a direct, rather than the former inverse, correla-
tion, with respect to the 15 -month cycle. A similar change has taken
place in the relation between sun spots and terrestrial magnetism, and
also, I think, with Mr. Brown's Pasadena measurements of night field
from KPO of San Francisco. In Fig. 3 there is plotted in full line
smoothed monthly means of sun spots, WBBM, Pasadena reception
and magnetic character of day as given by Cheltenham Observatory.
To these curves I have fitted in dotted line sine curves of an exact 15-
month period, but with amplitudes proportional to the values in full
line. Early in 1929 the dotted and full line curves part company, and
can only be made to fit thereafter by a considerable phase shift,
amounting to about 60 deg. for sun spots, 160 deg. for WBBM, 80 deg.
for Pasadena reception, and 210 deg. for magnetism. As a result of
this phase change, WBBM, Pasadena, and sun spots are now, with re-
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spect to the 15 -month cycle, nearly in phase, with magnetism nearly

180 deg. out of phase.
It must be clearly understood that this phase shift with its resulting

changed relation between sun spots, magnetism, and reception applies
only to the 15 -month period. There is no reason to believe that any
change has taken place in the relation of sun spots and magnetism over
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the 11 -year period, and I know that no change has occurred in the
direct day-to-day relation of magnetic storms and depressions in night
radio reception. Although it would be difficult to summarize briefly
the reasons for this belief, I feel that the present 1929-1930 15 -month

period in radio reception will continue without phase change for several
years to come, and will therefore be useful in the prediction of reception
levels.
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TEN YEARS OF BROADCASTING*
BY

C. W. HORN
(General Engineer, National Broadcasting Co., New York City)

Summary-The salient points in the development of broadcasting during the
last decade are reviewed. It is shown that further improvement may be expected
with the more extensive introduction of higher powered transmitters.

DECADE of broadcast development has passed filled with
pell mell endeavor and high achievement, but yet we find that
nothing is so permanent as change. Aviation has changed ideas

of transportation, mechanization of industry is lifting from man the
burden of labor, nations have met to limit their ability to make war,
and communication spans the world with the speed of light.

In all history there has been no period of engineering progress to
compare with the past ten years, and in that decade, I believe, there
has been no achievement to rank with the birth and development of
that tremendous public service of radiotelephony which we term broad-
casting.

Consider the fact that today we may converse with almost every
country on the globe; that in a moment's time the human voice may
carry its message to every portion of the world; that the same voice
that is heard in New York is also heard in Australia, though seasons
of the year may be reversed and 10,000 miles separate transmitter and
receiver. This is true progress and achievement.

It is unlikely that the pioneers of electrical engineering had any
thought as to the possibilities contained in radio during their early
experiments. Some visions might have been theirs but I venture the
belief that their imaginations were restricted by the immediate prob-
lems confronting them. In the early days of radio only a Jules Verne
could have foreseen national and international broadcasting with its
vast ramifications.

Broadcasting is an outgrowth of radiotelephony. We all know of
the men who pioneered in radiotelephony. We are fortunate in having
as the President of the Institute of Radio Engineers at this time, a man
who did a great deal of valuable work in this field-I refer to Dr. Lee
de Forest.

We may consider that broadcasting is radiotelephony applied to
serve the public. To define broadcasting is difficult. Yet if we assume

* Decimal classification: R550xR090. Original manuscript received by the
Institute, October 1, 1930. Presented before October 1, 1930, New York Meeting.
of The Institute of Radio Engineers.
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t that broadcasting must be a prearranged, scheduled service on a daily

f basis (as we know it to be today) then it is clear how it differs from

k experimental radiotelephone work and transmissions of a desultory

t nature.
All honor is due to those men and their organizations who played

t
their parts in the start of this service, but if we consider broadcasting

as defined above, then it began in 1920, when the Westinghouse Elec-

tric and Manufacturing Company placed in operation KDKA. As is

well known the first program transmitted from this pioneer Pittsburgh

station was a news event, the Harding -Cox election returns of Novem-

Fig. 1-Original KDKA transmitter, East Pittsburgh, Pennsylvania.

ber 2, 1920. That station was organized on a perjnanent basis, and
has not missed a day's broadcast in ten years. We therefore, may con-

sider 1920 as the birth date of broadcasting.
The World War, which brought with it a demand upon the part of

the combatant governments for improved radio apparatus, made it
possible for the electrical industry to offer broadcasting to the public
in 1920. Previously much of the manufacturing had been in the hands
of small companies, handicapped by lack of public support. With gov-
ernment commissions placed in the hands of the large electrical -manu-
facturers, the art immediately had the benefit of their vast capital
research facilities and capable engineering staffs. The result was that
improvements and developments were made that placed some of the
equipment on an efficient plane. Particularly is this true of develop-
ments made in the vacuum tube. During that time the research staffs
of several large companies were hard at work perfecting various forms
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of tubes, with the result that in 1920, that great achievement was appli-
cable to broadcasting. Improvements and developments prior to
1920 had also been made in transmitters and even in receiving circuits,
although these were primarily adapted to radiotelegraphic work.

Patent conditions were, however, difficult. These were variously
held and again it required the War period to make clear to all interested
parties that they must join in order to keep the situation from reaching
an impasse. It was due to the ability of the manufacturers to agree on
a patent policy that made it possible for this new industry to develop
as rapidly as it has.

Fig. 2-Early 10 -kw transmitter at KDKA.

Previous to the start of KDKA it had been the belief that the
greatest field of radiotelephony lay in private communication. It was a
newspaper advertisement which changed the course of thought. West-
inghouse experimenting had led to the establishment of a station at the
home of one of its engineers. There radiotelephone experimenting was
carried on, in a cursory manner, between various contacts established
throughout the Eastern section of the country.

One of the Pittsburgh department stores installed a radio depart-
ment, which was stocked with equipment commonly used by amateurs.
Finding a market for its wares and knowing of the Westinghouse trans-
missions, the store advertised the fact that these parts were for sale
and that by their use, Pittsburgh radio programs could be heard. H.
P. Davis, a vice president of the Westinghouse Company, read this
advertisement and it may be said that then and there the vision of
broadcasting was conceived.



Horn: Ten Years of Broadcasting 359

His thought was that the then existing ideas concerning the private
communication field were .wrong and that the real field of endeavor lay

in widespread communication, so that all who desired to do so might.
hear. The next step was KDKA.

Fig. 3-Early high power (50 -kw) transmitter at KDKA.

The pioneer station's first transmitter was rated at 500 watts.
Therefore, it is apparent that here was no haphazard beginning but a
major development as a half -kilowatt station in 1920 was a solid

foundation. Today 200 -kilowatt stations have been erected and
there is no doubt that the future will see transmitters of even greater
power.

Other stations were started soon after the fact was made apparent
by public acceptance of the idea that broadcasting was a new factor
in civilization. The General Electric Company, which has made many
major contributions to radio engineering placed WGY in operation
at Schenectady. Stations WBZ in Boston, WJZ in New York, KYW
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in Chicago, and others went on the air until at the close of 1922, there
might have been a dozen or even more stations operating regularly.
Then the deluge.

Having started broadcasting, the first stations found themselves
much in the position of the actor without an audience. Rather, the

Fig. 4-A pioneer high power short-wave transmitter. Westinghouse Electric
and Manufacturing Company, East Pittsburgh.

audience was theoretically available, but could not enter the theater.
A commercial receiver was the necessity of the hour.

The Westinghouse Company, therefore, offered the world the first
commercial broadcast receivers, these being the Aeriola, Jr., and Aer-
iola, Sr. The first was a crystal detector set of usual design, while the
second was a single circuit, regenerative receiver using the WD -11
tube, a 1.1 -volt quarter -ampere tube, with an oxide -coated filament,
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utilizing dry cells for its filament supply. B batteries, of course, sup-
plied the plate current. The mutual conductance of the WD -11 was

350 to 400.
The first receivers and tubes on the market filled existing require-

ments. Selectivity was not required because there were few stations
on the air and sensitivity was therefore the prime factor. The tubes
were of necessity of high economy in current supply, since dry cells

were the accepted source of power.
As broadcast conditions changed, receiving equipment and tubes

were developed to meet the requirements of the public. We remember

the UV -199, a General Electric contribution to the art, a thoriated-
tungsten-filament tube operating on three volts at 65 milliamperes,
which was admirably adapted to conditions that presented themselves
at the time it was offered to the public.

The next major step in vacuum tube development was due to the
demand for greater amplification and loud-speaker application. This
was in 1924. A tube in the 5 -volt class with rectangular plate and grid
structure and an oxide -coated filament was developed and became the
forerunner of the low internal impedance type. The filament required
one-half ampere and the mutual conductance was approximately 1700;
four times that of the WD -11. Later the filament was reduced to
one-fourth ampere

The major steps of tube development after 1924 were mostly all
toward a -c operation. As early as 1921 considerable work was being
done on a -c tubes of the indirect heated type and practical tubes were
used in experimental sets in 1922 with good results, very little hum
being noticed. Many designs were tried, such as different types of
cathodes, insulators, and heaters.

In 1926 the demand for a -c tubes became very urgent, resulting
in the development of the UX-226 tube. The UY-227, an outgrowth of
previous indirect heated tube developments, was used as a detector.

For an all -electric a -c receiver the B and C supply must be pro-
vided for. Therefore, in the course of time came the UX-280 and UX-
281 rectifier tubes. The first was a double wave rectifier for low voltage
supply, while the second was a single wave rectifier for higher voltage
requirements. These tubes were the first successful oxide -coated -
filament rectifiers for heavy current demands placed on the market.
Emission from the plates on the reverse half cycle had been practically
eliminated by the use of the carbonized plate resulting in a long life
tube.

Concurrently output tubes were developed. Tube development of
today has reached a high state of efficiency.
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From the original single circuit regenerative receivers of the 1921
period up to today's radio superheterodyne receiver, the screen -grid
tubes, power control, extreme sensitivity and selectivity, is a long
step.

The early single circuit regenerative receivers were not on the mar-
ket long before the public demanded something better. As the number
of transmitting stations increased, and interference began to make itself

Fig. 5-Experimental short-wave transmitting antenna. Westinghouse Electric
and Manufacturing Company, Saxonburg, Pennsylvania.

felt, it was necessary that greater selectivity be provided, and at the
same time the sensitivity of receivers either be maintained or, if
possible, increased. This brought about the multistage type of receiv-
ing set, which is so very common today. Right here I want to point out
and emphasize the trend in development which made itself manifest
due to the peculiar conditions under which broadcasting has developed
itself. The transmitting stations began as comparatively low powered
affairs. During the early period the art was far enough advanced to
permit the manufacture and sale of rather small tubes, such as receiving
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tubes, but no really high power transmitting tubes had as yet been

developed. The situation was as follows:
On the one hand we had low powered transmitters. If a listener de-

sired to hear signals from such a station, it was necessary for him to

have a comparatively sensitive receiving set, especially if he lived at

any distance. As the transmitters could furnish but a feeble wave it

was natural that the receiving set manufacturers should find themselves

compelled constantly to increase the sensitivity of their receiving equip-

ment. The result of such a situation was that the listener had to use
tremendous amplification in order to be able to hear even a fair quality

signal, with the result that he amplified static, both natural and man-

made, and also greatly increased distortion. In my opinion, broadcast-

ing started off on the wrong foot, if I may use that expression. Because

stations of such low power as 500 watts were heard on occasion at dis-

tances of hundreds and even thousands of miles, the general belief was

that higher powers were not necessary. A decided movement against
higher powers on the part of transmitters made itself felt, so that the
governing bodies in Washington hesitated in granting licenses for

the use of greater power. This retarded the general development to

some extent.
What actually should have taken place, and would have been the

most natural line of development had circumstances been otherwise,

was to begin with low sensitivity on the part of receivers. This would

have stimulated intense development work on the part of transmitter
engineers in order to provide higher power. Then with later improve-
ments in receiving sets more attention could have been paid to selectiv-

ity and quality, rather than sensitivity, which would have resulted

in the general acceptance of higher field strength foj suitable reproduc-

tion. During this period of development, receivers had to be operated

on signals of low intensity and rated in microvolts per meter instead of

millivolts per meter as we know now is necessary for reliable high

quality reception.
Nature being generous with its supply of static, and the human

being insisting on the use of electrical devices to increase his comforts,
there exists a high noise level which, at the present state of the art,
can only be overcome by using higher field strengths. In some locali-

ties, such as the metropolitan sections of the country, signals of ten
millivolts per meter are required to bring in a program that is only
fairly free from interference. Twenty millivolts per meter would be
better in some sections.

Now let us turn to transmitter and transmitting station develop-
ments. As stated before, the first few stations began with compara-
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tively low power. A 250 -watt tube was considered quite a development
in 1920. A great deal of information on the behavior of tubes was
obtained from the 250 -watt type. This in fact, gave us a great deal of

experience on which further developments were made. It was demon-
strated very early in the game that higher power tubes would be re-
quired. One of the difficulties experienced was the dissipation of the
heat which was generated in the tube. This led to the metal -jacketed
water-cooled tube. The first water-cooled tube was rather crude, and
had a glass water jacket. Obviously this tube could only be operated

Fig. 6-General Electric Company 100 -kw development transmitter,
Schenectady, N.Y.

with comparatively low voltages. The discovery was then made that
copper could be sealed to glass, and we then entered into the period
when copper -jacketed water-cooled tubes grew to practical use. It
was not very long before powers in the order of 10 kw and more were
being handled by a single tube, so that in the Spring of 1924, there were
several experimental stations which were capable of handling powers
above 25 kilowatts.

Practically all of the credit for transmitter tube development in this
country must be given to the great laboratories such as the General
Electric Company, Westinghouse Electric and Manufacturing Com-
pany, and the Bell Telephone Laboratories. Research and advance
development work on this type of material is inherently a laboratory
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proposition. Only with the tremendous resources of these great
laboratories was it possible to improve and develop these devices.
Great credit must be given to Dr. Langmuir of the General Electric

Company's Research Department for his fine research work with

filaments and other tube structures.
If I were to begin to give credit to the many men who made

possible the devices we use today in this activity, this paper would
take several days to read. I, therefore, find it necessary to refrain from

giving too much space for this purpose. I wish, however, to state that

Fig. 7-General Electric Company 100 -kw development transmitter, Schenec-
tady, N.Y. Close-up view of power amplifier.

most of these men are Fellows of our Institute, and have presented
many papers giving the results of some of their work in detail.

After it was found possible to operate tubes at 10- and 20 -kw
capacity, very active work was begun to develop still higher powers.
We all know that today there are tubes which can handle in excess
of 100 -kw output, and experiments have been made with transmitting
stations operating with 200 kw and more in the antenna. This work
will constantly go on so that in the very near future we shall come to
recognize the 500 -kw transmitting station as being a normal proposi-
tion.



366 Horn: Ten Years of Broadcasting

The development of transmitters did not depend upon tubes alone.
It was necessary to create improved designs in circuits, capacitors, and
materials in the construction of the various parts. Also with the ad-
vent of a great many broadcast stations, with consequent crowding,
it became imperative that some attention be paid to the stabilization
of frequencies. This led to a great deal of research work in connection
with quartz crystals, sometimes called piezo crystals.

With the use of increased power, it was found that certain materials
which formerly had been thought as excellent insulation were not

Fig. 8-General Electric Company 200 -kw experimental transmitter.

exactly suitable. Ordinary glass at one time was thought quite suffi-
cient but because of high losses and resultant heating, special materials
had to be developed.

This is an illustration that whenever one radical change is made,
there is a great deal of associated apparatus which must be taken care
of and also improved to meet the new conditions.

The first transmitters were what were known as self-excited oscilla-
tors. In other words, the frequency on which they operated was deter-
mined by the capacity and inductance of the circuit to which the tube
was directly connected. Any changes in constants .-was accompanied
by a change in frequency. During the past few years practically all

1



I1the transmitters constructed made use of what is known as master os-

cillator circuits. This means that the frequency was generated on

rather low power, and with more or less precision equipment, and then

this power was amplified by successive stages to the quantity required.

Since we have been able to operate piezo crystals on radio frequencies,

this form of frequency control has become popular and rather general.

It was found that temperature changes had quite an influence upon the

operating characteristics of the crystals, so that now all modern sets

are equipped with crystal -control devices operated in heaters or ther-
mostatic chambers maintained at a constant temperature. This per-

mits an accuracy to within a few cycles of the assigned frequency in

the broadcast band. The development of accurate frequency control

also stimulated work in connection with frequen-cy standards and the

devices for the measurement, within very close limits, of radio frequen-

cies. We are reaching a point in accuracies that will require more pre-
cise methods in reading star time than exist at present. This is another

illustration of how one branch of science aids and stimulates the de-

velopment work along other lines.
The various pictures illustrate different degrees of improvement

in transmitter design, beginning with the first KDKA transmitter at
East Pittsburgh, Pa. The last picture is the latest type of 50 -kw high
quality broadcast transmitter as furnished by the RCA.
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NETWORK BROADCASTING

Let us briefly review the history of the service that broadcast
stations rendered during the past decade. In the very early days, a
great deal of mechanical reproduction supplied the programs for the
stations. The public was quite satisfied to be able to hear something at
a distance, and even though they could hear the same record on their
own phonograph, it gave them a thrill when received over the radio.
In addition to this some talent appeared, in most cases at no cost to the
station. In fact it became the vogue to offer a certain amount of
publicity in return for appearances of artists. Obviously his type of
program would become monotonous in time, and broadcast popularity
would suffer. It became necessary to engage musicians and vocal talent
of a high grade which of course greatly increased the cost of operating
the stations, which in those days had no income or revenue. They
were operated merely for the purpose of obtaining prestige and for
whatever advertising value the owner of a station could get out of it.
There was quite a little discussion in the years 1922, 1923, and 1924

as to who paid for broadcasting. The owners of stations literally
"had a bear by the tail" and could not very well let go. They appre-
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ciated they had a wonderful medium, and that some way must be
found to make it possible to continue and to improve the service. At
about this time, or early in 1923, the American Telephone and Tele-
graph Company experimentally connected several stations together by
telephone lines and supplied a program. By October, 1923, football
broadcasts were being transmitted through their main station WEAF,
and also furnished to Schenectady, Providence, and Washington.
Other stations were added from time to time. The Telephone Com-
pany inaugurated what we now call commercial or sponsored programs.
In doing this they thus secured financial assistance from large business

Fig. 9-General Electric Company short-wAve receivers, Sacandaga, N.Y.

concerns who found it profitable to utilize this new advertising medium
for creating good will. A spirit of competition developed between these
various commercial companies which has resulted in a very great im-
provement in the standard of broadcasting making use of the very
finest talent available. By means of telephone line connections to
many different cities and parts of the country, the best talent is
presented to people who would not have had the opportunity of en-
joying these high grade performances otherwise. In fact, the networks
which started with but a few stations have increased in size until
today almost every owner of a receiving set can hear not only excellent
programs but also participate in all great events of national interest.
They hear the greatest speakers and authorities on different subjects
discuss problems of vital interest to the public. They hear the Presi-
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dent of the United States report to the people, and they even determine

t their attitude on political matters by listening to the political leaders

[- prior to election. When such national heroes as Colonel Lindbergh,
and Admiral Richard E. Byrd return from a conquest, the public
participates in the reception to these great men by being in "attend-

.
ance" through this medium of radio. Everybody in the United States
knows and recognizes the voice of President Hoover, whereas formerly,
the President was simply known as the man who presided at the White
House.

The network systems have grown and it is gratifying to note that
the broadcast companies are motivated by the highest impulses to

Fig. 10-View of studio "H" National Broadcasting Company, 711 Fifth Ave.,
New York City.

increase and better the service to the listener. They do this by extend-
ing their networks, increasing the value and interest of their programs,
and by being constantly on the lookout for material and talent. The
broadcast companies are organized on a truly fundamental and correct
principle. Their existence and success depends entirely upon good will,
and that good will can only be obtained by pleasing the listener.
Therefore, the final judge is the listener himself, and his reaction to the
programs that are furnished determines the verdict.

Furthermore, because of competition, the listener is in a position
to tune his receiver to the program and station that he finds gives him
the best service. It therefore, brings home to the broadcast manage-
ment the basic fact that only by rendering efficient and excellent
service can he hope to maintain his position.
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Let us discuss briefly the growth of the networks. This growth
is based entirely upon the fact that the public demands this service. By
service, I mean the transmission of all important events and sports
news, as well as entertainment, farm and market reports, etc. This
is made possible of course, through the sponsorship of commercial
programs by companies desiring to advertise. The commercial portion
of broadcasting supports the sustaining and noncommercial features,
much in the same manner that advertising in magazines makes it
possible to provide the reader with articles and stories of interest to
him. Without such financial support there could be no networks, and
there would be no structure and organization in existence that could
be utilized on a moment's notice in the event of national emergencies
or for the purpose of transmitting to listeners the high spots in national
events. The public is, therefore, assured of a radio feature service
which, in my opinion, is responsible for the great growth of radio in
this country.

The first network consisted of but a few stations. Today the
circuits of tle broadcast companies extend to all the principal cities in
the country. Extension of these high quality telephone lines is a
brilliant achievement on the part of telephone engineering. To pick
up a program at some point, and to transmit it several thousand miles
without any appreciable loss in quality is truly remarkable, and is the
result of fine engineering work. I am glad to know that many of the
men responsible for this development are members of our Institute.

Perhaps I can best describe the scope of network broadcasting
by giving some facts and figures which I have available, and which
concern the National Broadcasting Company. This company main-
tains elaborate studios in New York, Chicago, Washington, and San
Francisco. In New York alone there are eleven studios. The National
Broadcasting Company furnishes broadcast service from 6:45 A.M.
until 1 A.M. This is done practically every day in the year, and over
two networks. In addition to these programs, there are others that
originate in other studios and which serve certain portions of the
country. It requires a staff of almost 1100 people, exclusive of talent
or musicians, to perform this work. Hour after hour, day after day,
and month after month, throughout the entire year, programs must
be originated, rehearsed, produced, and transmitted over the lines,
and with what success, the reader may decide. Duplications must be
avoided in order to keep the programs from becoming monotonous.

The radio industry today, as far as the broadcast stations ai e
concerned, is still in a partially disorganized state.. There are many
stations on the air, the existence of some of which is not really justi-
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fled. Congress endeavored to create some sort of standard of service to
the public by requiring that stations must prove that they are operat-
ing in "public interest, convenience, and necessity." The public having
become accustomed to listening to some excellent programs and high
grade service has set a rather high standard as to what it wants. Those
stations which in some measure, fulfill that standard, may be expected
to survive. Stations not working in the interest of the public must fail.
Because of the increase in cost of production, and the high price of
talent, the average individual station has a difficult situation confront -

Fig. 11-Stage studio-National Broadcasting Company's Times Square Studio
N.Y., showing glass curtain.

ing it. That is one reason why network broadcasting is so outstand-
ingly the leader in furnishing excellent talent. Newspapers make use
of the same principle on which network broadcasting is conducted.
Articles and works of gifted and prominent writers and authorities are
syndicated so that many newspapers may take advantage of this
high class service at a reasonable cost. Obviously, it is impossible for
every individual newspaper to maintain a great staff of outstanding
writers. No more so can the individual station. However, we must be
careful that we do not overlook the value of the local programs.
Only the very best that are available locally should be used, and the
rest should be nationally known talent. Therefore, the future of
program work through the broadcast station will mean a happy bal-
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ance between the nationally known and nationally syndicated enter-
tainment, and the best that the particular locality in which the station
is located has to offer. Again, as in the case of the newspaper you can
obtain both the local news as well as that which is of interest to the
public in general. I have no fears in regards to our future development
for we are working to fulfill the demands of the public itself. Any time
that we may deviate from the general public interest, we may be sure
that we shall be quickly advised of the fact by the public's reaction.

Fig. 12-Control room, Times Square Studio, New York.

Therefore, the future for radio broadcasting and its associated activi-
ties looks very bright because as is stated above, it is based upon sound,
fundamental, economic principles.

The tremendous growth of broadcasting can best be illustrated by
looking at the figures compiled by reliable authorities. In 1920 there
was no such apparatus known as the broadcast receiving sets; we now
have more than twelve million in use. This means that every other
home in the United States possesses a radio receiving set. Another
basis for comparison is that it is estimated there are slightly more than
thirteen million residence telephones in existence in the United States
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which is a trifle more than the number of broadcast receivers. From an

i industry that was zero ten years ago, we have reached a point where we

rank high among the great industries of the country with an estimated
business of approximately eight hundred million dollars per year.
Radio has given employment to many thousands of people directly,
and many more thousands indirectly.

The radio industry has created many by-products, of which per-
haps the best known is that which is called the "talking movies." There

Fig. 13-N. B. C. field truck.

are many others such as public address systems, the transoceanic
telephone, and even apparatus used in medical science, as is illustrated
by the fact that the General Electric Company has been experimenting
with electric equipment which will produce artificial fevers for curing
certain diseases. This equipment, some medical authorities contend,
will be of great benefit to humanity.

Let us take for granted what we have achieved to date. Let us
consider for a moment what the future trend may be. During the past
year a great advance was made in short-wave transmissions which has
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resulted in the frequent interchange of programs between America
and foreign countries. This was very forcibly demonstrated last Christ-

mas Day when especially prepared programs originating in England,

Holland, and Germany were received in this country, and rebroadcast
over the national networks. Since then we have heard King George of

England address the Naval Conference in London and we have
listened to many prominent personages who attended that Conference.
Hardly a week goes by without two or three foreign programs being
broadcast in this country, and conversely the foreign radio listeners
hear many important events as they take place in America. This

activity will advance rapidly until within a couple of years we will
think it rather "commonplace" to listen to events which transpire at
almost any point on the globe.

Fig. 14-Typical R.C.A. 50 -kw transmitter.

In looking ahead we must consider the difficulties we are experienc-
ing today. We find that almost one-half of the listeners are located at
points usually considered as outside of the "service area" of the nearest
station. This means that approximately one-half of our listeners are
not receiving the signal strength that they should receive. As there are
already too many stations in existence, and a great deal of confusion
and chaos exists because of this fact, there is but one answer to the
problem, and that is that the existing stations which are rendering the
service which the public desires should be enabled to increase their
range in order to accommodate as many of these listeners as possible.
This means a general increase in power of all stations. We must
recognize the fact that we cannot continue to serve listeners with the
energy rated in "fly power" but that we must continue to develop
equipment for the production of higher levels of signal in order that the
listener who is located some distance from the station shall enjoy the
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same degree of quality and reliability as the more fortunate listener
who happens to be located near the high powered stations. Rural
listeners are indeed entitled to the best that radio can bring them, and
this means high power transmission.

Therefore, every encouragement should be given to those who are
tackling the problem of higher power. We must lift the industry from
the rather haphazard service that is now possible, to one that will give
absolute and dependable results. We must realize that a station

Om -

Fig. 15 -50 -kw amplifier of R.C.A. broadcast transmitter.

utilizing energy equal to that consumed by two or three flatirons serves
no really useful purpose to the majority of listeners. We must over-
come the belief existing at present, that even 50,000 watts is high
power, and train our minds to think correctly in hundreds of kilowatts.

A great responsibility falls upon the receiver design engineers, for
the only excuse thus far against increase in power has been that inter-
ference would result, and that such high power would cause what has
been referred to as "blanketing." We all know that it is a matter of
receiver selectivity, rather than the power of the transmitter which is
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at fault, for a transmitter which is properly designed and operated
emits but one frequency plus the side bands required for modulation.
We have - great hopes as to. rapid development in overcoming this
receiver problem because of the general introduction of the superhet-
erodyne type of receiver. We know that by utilizing this circuit we can
produce an extremely sharp and selective receiver which thus takes
away the last argument against high power. With a definite demand
for increase in selectivity, there will undoubtedly. be other advances
made in circuit design so that next year should produce some very
definite results along these lines. The average receiver in existence
a year from now will have tuning considerably more selective than
those in use at present, and also improved fidelity.

We have completed one decade of very intensive work with gratify-
ing results. What the next ten years will bring cannot be foretold but
we may rest assured that it required half of the last decade to gain
speed and that we are now proceeding forward at such a rapid pace
that the momentum is sure to carry us on to a point from which we can
look back to the present day and again confirm the thought that there
are no limits in scientific development. It is my belief that almost
anything the mind can picture or even dream of, the energy and deter-
mination of man can accomplish.

Gentlemen, the only permanent factor is change, and
by change I mean progress. What wires and conductors have been to
the electrical industry in the past, radio will be in the future, and par-
ticularly in its especially appropriate sphere of mass communication or
broadcasting.
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Summary-This paper reports the various methods and results of the meas-
urement of power and efficiency in radio transmitting apparatus.

High frequency power measurements are classified as wattmeter, ammeter, calo-
rimeter and indirect methods. The high -frequency wattmeter method and the methods
based on the current and resistance measurements are briefly discussed. The direct
and indirect calorimeter methods are upheld by the authors on account of their ad-
vantages, which are enumerated.

The experimental results employing calorimeter methods for direct and indirect
power measurement are quantitatively reported and the degree of precision obtainable
in practical applications is shown.

CLASSIFICATION OF HIGH -FREQUENCY GENERATORS

IN ORDER to examine various methods of power measurement
continuous wave generation methods must be classified. One
convenient classification of present day systems is to consider

those transmitters which generate a frequency which is independent
of circuit constants, and their operating conditions. In this class of
transmitters can be included the alternator transmitters and those
vacuum tube transmitters whose frequency is controlled by a piezo-
electric crystal, or by a simple master oscillator, constructed with all
the technical precision necessary to realize the required stability of
frequency in the driving circuit, independent of the Controlled circuit's
regulation. This class will be designated as frequency stabilized trans-
mitters.

Other transmitters in which a circuit or a system of circuits os-
cillate at a frequency which is a function of its constants (C, L, R)
will be designated as unstabilized transmitters. In this class the gen-
erated frequency is subjected to variations depending on the circuit's
regulation and coupling.

1. Stabilized transmitters can be classified as follows:
(a)-Transmitters which generate directly the required power and

frequency (radio -frequency alternators of the Alexanderson and La-
tour types; piezo-oscillators).

* Decimal classification: R250. Original manuscript received by the In-
stitute, September 10, 1930.
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(b)-Transmitters directly generating the required power at a fre-

quency lower than the required one making it necessary to use suit-

able frequency multipliers (Goldschmidt and Telefunken alternator
transmitters).

(c)-Transmitters which generate directly the frequency but which
require a successive amplification of the power (medium- and low -
frequency vacuum tube transmitters with master -oscillator or piezo-

electric stabilization).
(d)-Transmitters which require the amplification of power as

well as the multiplication of frequency (modern ultrashort wave sets
and stabilized frequency vacuum tube transmitters).

2. The nonstabilized transmitters include:
(a)-The arc converters of the Poulsen type.
(b)-Self-excited vacuum tube transmitters.

DEFINITIONS CONCERNING THE POWER OF RADIO TRANSMITTERS

In speaking of the power of a radio transmitter, we must always
specify at which point of the chain the measurement of the power has
been made.

The "International Technical Consulting Committee on Radio," in
its first meeting of September, 1929, at the Hague,' recognizing the
inconvenience caused by referring the power of transmitters at differ-
ent points of the chain, suggested that the power of a radio transmitter
means the power in the antenna.

Therefore, we think it useful to specify some of the technical points
relating to high -frequency power measurements. Referring to the
general scheme of a radio transmitter represented by Fig. 1, we shall
consider the set in continuous emission (the key permanently operated
in the case of a simple radiotelegraphic station, or with absence of

modulation in the case of a radiotelephone transmitter).
Indicating by I, II, . . . . N the various stages of the transmitter,

let w,, w2, to,, be the absorbed powers and W,, W2, the
output power in the same stages.

Generally we ought to consider also important auxiliary machinery
viz, blowers, water and oil pumps, regulating gears, etc., (represented
in Fig. 1 by the rectangle A ), which we suppose to absorb a power WA
and besides signaling items (relays, automatic transmitters, etc.,) or
modulating gears (represented by the rectangle B) which absorb a
power w/3.

In a vacuum tube generator it is always necessary to specify if
1 PROC. I.R.E., 18, 768; May, 1930.
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the filament heating power is included in the auxiliary services A, or
in the power absorbed by each stage.

Some of the powers indicated with the small letter w can be zero,

as in the case of intermediate circuits formed by oscillating or filter
circuits.

For instance, in the case of the 1(b) class generators, the power w
(mechanical power in the alternator shaft, or electric power absorbed
for the excitation) will represent nearly all of the input power of the
machine, while the powers w2  wn will be relatively small, namely,
the power necessary to create the excitation field in the frequency
multipliers.

On the contrary, in the case of the generator class 1(d), the power
wi will be the smallest in comparison with the progressively growing

1
II

111 lv

Fig. 1

absorbed powers of the following stages, which reach a maximum in
the last power amplifying stage.

According to the agreement of the Hague Conference in the de-
termination of the efficiency of a radio station the high-frequency
power Wn in the last stage has a preeminent importance over the other
output powers WI, W2,  etc. of the previous stages. We shall call
this power the antenna absorbed power, and as the antenna (marked
with dotted lines in Fig. 1) is the last item of the transformation chain,
the power absorbed by it can be considered the true useful power of
the set.

When the high -frequency power is conveyed to the antenna by a
feeder, the power Wn will be that measured at the line terminals to-
wards the antenna, and in this case the line may be considered either
as part of the N stage or as a separate stage.

The radiated power Wi in some cases could be calculated2 employing
the well-known formula:

Wi 1600(- /2
X

See also, A. A. Pistolkors. "The radiation resistance of beam antennas,"
PROC. I. R. E., 17, 562; March, 1929.
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(Wi = watts; h.= effective height of the antenna in meters; I = antenna

current in amperes). It could also be considered in relation with the

power W, when determining the antenna efficiency, or the efficiency

of the chain of transformation immediately preceding the radiator,
which in general must be considered independent of the chain of gen-

erator transformations. Obviously, then we can define the total power
supplied to the transmitter as that given by the sum of various ab-
sorbed powers, plus the power absorbed for auxiliary services and for

keying or modulation, viz:

WT W1 + W2 +  Wn + WA + WB

while the simple amount of all the powers absorbed by the various
circuits of the transmitter, viz,

wt = wi w2 +  wn

could be defined as the power supplied to the transmitter proper.
From the above definition, we can deduce the total transmitter effi-
ciency by the ratio:

100W.
nT

W1 + W2 +  Wn + WA + WB

and the normal efficiency by the ratio

100W.
ft=

wi w2 ± .  + w.
We believe it possible to apply the above considerations when it is
necessary to examine the value of the output power of an intermediate
stage, in which case the input power must be referred to all preceding
stages as far as K. Thence the normal efficiency of all the chain of
circuits preceding and including stage K, can be obtained by

100 Wk
nk =

wi + tv2 +  + tvk

and the total efficiency of the same chain by adding at the denomina-
tor an aliquote part of WA and wB for the auxiliary services referring
to the same and preceding stages.

In some particular cases it might be necessary to calculate the
normal efficiency of an intermediate stage K, as to say:

100Wk
nkr =

Wk -1 + Wk
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from which the total stage K efficiency can be obtained by adding

an aliquote part for the accessory power spent in auxiliary services of

this stage.
The measurement of the above mentioned partial efficiencies in-

volves too many conventional specifications, so that we shall not ex-
amine it in this study.

If we designate the manipulation coefficients the ratios between the

mean power supplied during the manipulation and the power absorbed

during the emission of a continuous signal as ai, a2,  an, it is obvious

by assuming that the useful instantaneous powers are equivalent in
the two cases, a comparison of the performance during the manipula-
tion among several systems can be obtained from the previous formulas
by putting in place of the absorbed powers wi, w2, Wiz, WA, WB the

same powers multiplied by the corresponding manipulation coefficients.

In the case of radiophonic modulation the result would be more
complex as it would depend upon the kind of sounds applied to the
microphone.

METHODS OF HIGH -FREQUENCY POWER MEASUREMENT

The experimental determination of the above powers and efficien-
cies requires the measurement of mechanical powers and that of direct -
and alternating -current electrical powers. In such measurements the
common industrial methods (brakes, wattmeters, etc.,) can be uti-
lized.

However, the same procedure cannot be easily adopted for the
determination of the high -frequency power wn impressed on the
antenna, the measurement of which needs some particular cautions.

The principal object of our study is that of reviewing the methods
which can be used in high -frequency power measurements, and to
examine the boundaries within which these methods can be employed
as well as their order of precision. The above mentioned methods
can be classified as follows:

(a) Wattmeter methods.
(b) Ammeter methods, which involve the measurement of resis-

tance.
(c) Calorimeter methods.
(d) Indirect methods, based on the measurement of the absorbed

power and on the separation and measurement of the various losses.

Wattmeter methods

The wattmeters to be used must give very exact indications at high
frequencies; moreover it is an essential condition that they do not in-
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troduce any variation in the equilibrium of the currents, or absorb any
appreciable quantity of power.

Chireix3 suggested the employment of a thermal wattmeter and
studied all the methods of its application in high -frequency measure-
ments.

The principle upon which the thermal wattmeter is based is well
known. Two expansible wires AB, AC, (Fig. 2) (which can also be
the heating wires of two thermocouples) give passage respectively to
the difference (i1-i2) and to the sum (i1+i2) of the currents it and i2,
which are respectively proportional to the current or voltage to be
measured.
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Fig. 2

The circuit is arranged to obtain the subtraction of the thermal
effects (wires extension or thermocouple electromotive force), so that
the instrument deviation will be proportional to the difference (i1-i-i2)2
- (i1-i2)2, compared to the product it X i2, and thence to the instanta-
neous power.

In the case of the alternating current the deviation is proportional
to the expression:

1 T

T
f- ili2dt = 1112 cos 0

where .0 is the phase angle, so that the deviation is proportional to the
power to be measured.

Chireix, with the aim of reducing the instrument absorbed power,
substituted a reactance for the voltmeter resistance, and used a cur-

3 H. Chireix, "Nouvelles methodes permettant de mesurer exactment la re-
sistance d'une antenne ou d'un circuit quelconque h.f.-waftmetre h.f.," Radio-
electricite, No. 57, April 10, 1924.
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rent transformer with a secondary having a very high resistance -to -

inductance ratio. Referring to Fig. 3 the inductance 1 and the resistor

p regulate the phases of the two currents i, and i2 maintaining between
them the same phase angle as exists between the current and the volt-

age.
It is easy to show by a simple calculation that the correction de-

pends very slightly upon frequency. It is stated that these wattmeter
methods are of value in power measurements over a large range of
frequency and for power factors varying from cos 4 =1 to cos ck = 0.2.

Fig. 3.

A high -frequency wattmeter based on the same principle has been
studied by Prof. Bruckman and constructed by Kipp and Zonen of
Delft, Holland.

The instrument utilizes two thermoconverters connected in parallel
in the voltmeter circuit, and at the same time in series with the current.
The millivoltmeter has a resistance of 10 ohms and a sensitivity of 3
my for the full scale of 150 divisions.

The instrument has a range of 30, 150, and 300 volts at 1.5 amperes.
The ammeter circuit resistance is 1.5 ohms and the instrument can be
furnished with adequate shunts rated for 6, 15, and 30 amperes.

In practice, neither the above mentioned wattmeters, nor the
electrostatic wattmeters have entered into common use for radio-fre-
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quency measurements, except in the case of small power generators,
at low radio frequencies.

The method based on the employment of an oscillograph4 can also
be classified among the wattmeter methods.

If we apply the potential difference existing between the output
terminal to a couple of electrodes in a cathode-ray oscillograph, and
the potential difference taken across a condenser put in series with
the source at the other pair of electrodes, the value of the power W
is given by the formula:

W = KfCS

where K is a constant which can be experimentally determined, f is
the frequency, and S the area of the image drawn by the light on the
oscillograph screen.

We have experimented with this method in the case of telephonic
frequencies.5 Its application to high -frequency measurements is, in
general, very complex, requiring adequate laboratory means.

Ammeter methods

This method, which is based on the measurement of the current, of
the effective high -frequency resistance, and on the application of the
formula W =PR, is the one more frequently used in practice.

The method currently used for the measurement of the high fre-
quency resistance is the so called "resistance variation method,"
which, being based on the measurement of very small currents, re-
quires the employment of very sensitive instruments, whose resistance
at the frequency employed must be accurately determined. It is not
easy to avoid the influence of external fields on the measurement of
the antenna resistance.

When the resistance possesses a certain degree of capacity and
inductance, the measurement is affected by considerable errors.

The principal objection which is ordinarily made to the ammeter
method is that the values of the high -frequency resistance which are
obtained by means of weak currents are not always equivalent to those
presented by the same circuits when a current of higher value flows in
it. In effect we can admit that, in many cases, high intensity currents
produce greater losses in the circuit and thence the effective resistance
is higher compared with those obtained by weak current measurement.

4 A. Hund, Hochfrequenzmesztechnik, Page 220, Par. 167.b Consiglio Nazionale delle ricerche. Dati e memorie suite Radiocomunica-zioni 1929, page 200.
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Chireix6 suggests a method which he considers to be exempt from
the greater part of above mentioned inconsistencies. A vacuum tube
driver is directly coupled to the circuit to be measured. The antenna
inductance S is then adjusted to a value somewhat higher than that at

. resonance.

TO 1/774/J47/0/1
ciacwir

Fig. 4

By displacing then the point P, (Fig. 5), along the small inductance
L, until a minimum indication is obtained at the voltmeter V, it is
possible to obtain the unknown resistance value by a simple deter-
mination of the ratio V/I.

Fig. 5

In the Philips Radio, Eindhoven, laboratory
tor was employed to test the cooled anode triodes.
pated in an artificial antenna having a resistance
number of carbon rods.'

6 10C. cit.
Balth Van der Pol and K. Posthumus, "Un poste

pour essais de triodes," L'Onde Electrique, page 324, 1925.

a 200 -kw genera -
The power is dissi-
formed by a great

d'emission de 200 -kw
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The value of this resistance has been determined first by measur-
ing it in conjunction with the load with a low -frequency current. In
this case it was found that, owing to the negative temperature coeffi-
cient, the resistance diminishes as the load increases. From very ac-
curate measurements with the resistances cold when employing the
normal testing frequency (X = 2800 m) a ratio was found of the high-
frequency resistance to the direct -current resistance of only 1.06, as a
consequence of the low skin effect in carbon. The same ratio was as-
sumed for the high temperature resistance.

The losses in the air condenser and in the self-inductance coil of
the artificial antenna were not considered in the calculation of effi-
ciency.

Calorimeter Methods
If we substitute for the ordinary antenna an artificial antenna

formed by a self-inductance L, a capacity C, and a resistance R of con-
venient values, we are able to measure the high -frequency power by

Fig. 6

employing some type of calorimeter. When L and C are accurately
constructed as to present negligible losses, we can assume that all the
output power is dissipated in heat in the resistance R.

This system can be used during the official tests of a new station,
in which case an artificial antenna having exactly the same constants
of the normal service antenna should be employed.

In the measurement of the output power of a special set coupled
to a fixed antenna, it is possible to substitute for the latter, an oscilla-
tory circuit whose constants and coupling to the set are advanta-
geously adjusted. In order to insure that power dissipated in both are
the same, care should be taken that the frequencies, the absorbed power
and the oscillatory current in each stage remain exactly the same as in
the ordinary service.

Two distinct cases must be considered in the -adjustment of the
oscillatory circuit of Fig. 6:
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(a) The antenna is directly coupled to the generator (arc conver-
ter, or some type of tube transmitter);

(b) The antenna is coupled to the generator by means of a radio -

frequency transformer.
In case (a) the artificial antenna will consist of a resonating circuit

and a variable resistance.
After having tuned the circuit to the frequency generated by the

set, the resistance must be adjusted until a current equivalent to the

normal antenna current is obtained in the artificial antenna.
The application of this method to medium and high power trans-

mitters of the (a) type is not very practical, owing to the difficulty of

XI= L,- -21z,

-R2

X2= (A) Z -cv

Z =VR/2+ x12 + x:
Fig. 7

obtaining a resistor susceptible of a very fine regulation and capable
of dissipating considerable power.

In case (b), let I represent the primary circuit (in which the con-
denser C may be absent) and II the antenna circuit of Fig. 7. Owing
to the theory of coupled circuits, the apparent primary reactance and
resistance are given by:

XI' = X

R1' = Ri

(02M2X2

Z22

co2M2R

Z22

If we substitute for the antenna a resonant circuit whose resis-
tance R2' is different from R2, the values of X1' and R1' and thence the
primary current as well as the general conditions, will remain un-
changed when the secondary reactance and the mutual inductance are
adjusted to the two new values X2' and M1' such as to have:
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co2M /2CO2M2
X .X2 = Xi

Z22 Z212

w23/2 w2M f2R2
R1+ R2 = ±

Z22 Z2 '2
from which:

X2' = (Tv 1 2f)X2 ( 1 )

R2' = (--311)2R2R2. (2)

If we admit, as it is the case in ordinary service, that the trans-
mitter is adjusted at the maximum of the antenna current /2, with
the conditions (1) and (2) verified, the artificial antenna will absorb-
the same power as the actual antenna.

Hence, in case that such a maximum is verified for wM i/R1R2
the power (expressed by W2 = E2/4R1) is independent of the resistance
R2 of the secondary circuit and, precisely, it is equal to one-half the
total output power in the two circuits.

When it is not possible to realize the above mentioned condition,
that is when wM <N/RIR2, the secondary power, which is expressed by

E2w2M2
W2 = R2 (3)

CO2M2)2

remains, evidently, the same (for 2) when R2' and M' are respectively
substituted for R2 and M.

By calling Mnia. and Mmin the boundaries between which M
varies, the expressions (1) and (2) can be satisfied with all the values
of R2' for which:

or

R2' - R2 M2max - M2

R2 M2

R2 R2 / M2 - M2min

R2 M2

This result is very important as it shows that in maintaining the
service conditions unchanged it is necessary to introduce in the equiva-
lent artificial circuit only an approximate value of the real antenna
resistance R2.

There is, then, the possibility of adopting for the artificial antenna
a fixed resistance easily obtainable for high power dissipation so that
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the calorimeter measurement of high -frequency power can be done

without the uncertainties that almost always accompany the method

when based on the antenna resistance measurement.
As a consequence of the above considerations we shall now examine

some methods of power measurement based on the determination of

the heating and lighting power dissipated in the artificial circuit re-

sistance.
We have conducted some measurements of efficiency in low power

vacuum tube transmitters simply by placing the resistance coil of

the oscillatory circuit (a straight filament lamp) in a thermic insulated

space; and obtained a diagram of the increase in temperature as a

function of time, due to the high-frequency power dissipated in the

resistor.
For the determination of the unknown power we operated with a

direct current, and starting from the same initial temperature, we re-
produced the same increasing temperature law. With this procedure
it is possible to determine the unknown power by the number of watts

dissipated in the resistor.
In practice it is sufficient to trace two curves between which that

corresponding to the high frequency is comprised; then the unknown

power can be obtained by interpolation between the ordinates.
A method based on the same principle was applied by Groszkow-

ski' for the determination of the power dissipated in the vacuum tube
triode of a generator. A thermometer was simply placed near the tri-
ode, and a precision varying from one to two per cent was obtained.
We believe that a greater precision is obtainable by operating in a
closed space and with the procedure that we have suggested.

The heat developed in the resistor can be measured by an absolute
system if an ice or water calorimeter is employed.

Putting the dissipating resistor in a double -walled tank having a
water -circulation system, and measuring the terminal temperatures
of the water, viz., the entrance temperature to and the outlet tempera-
ture t1; then calling P the volume, or water -carrying capacity, in
litres per minute, the dissipated power W in kilowatts will be given
by the expression:

P
W = 4.18 - (t1 - to).

60

This method is available for long- and short-wave high power meas-
urements, when a carbon rod resistor of appropriate value, or a regu-

J. Groszkowski, "Determination du rendement d'un generateur a lampes
par la methode thermometrique," L'Onde glectrique, p. 82, 1925.
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lating liquid resistor is employed, and the calorimeter water carrying
capacity is well proportioned to the operating power.

The above method has been employed by us in the measurement of
the efficiency of Radio Roma Trastevere 5 -kw transmitter, to which
we shall refer later.

Photometric Methods

When the heat developed in the resistor is accompanied by the
production of luminous energy, it can be indirectly measured by means
of a photometer.

The photometer calibration can be executed by measuring the
power with a voltmeter and an ammeter when a direct current flows in
the resistance.

When operating at high frequency it is necessary, for a correct
application of the method, that no other power dissipation take place,
except that in the resistor. It is preferable to employ high vacuum
lamps with very long straight filaments as resistors in order to avoid
errors due to leakage currents by spurious capacitances and other im-
perfect condensers.

The method is very useful for quick measurements, and it gives a
sufficient precision, if we assume with Voit9 that the quantity of light
emitted by the filament is proportional to the cube of the supplied
power, in which case the error in the determination of W is the third
part of the photometric measurement error.

Method of the Thermoelectric Pyrometer

We have also experimented with the measurement of the heat
developed in the resistance lamp by employing a surface thermocouple
pyrometer similar to that used by Crossley and Page.10

The thermocouple, formed by a flat strip, is connected to the milli -
voltmeter by means of two flexible conductors and it is maintained in
a straight line by a heavier metal strip and insulated from it by hard
rubber end pieces. The thermocouple element is applied against the
glass wall of the lamp and gives a measure of its average temperature,
which can be considered as proportional to the filament developed
heat.

Indirect Methods

If it is possible to determine power losses with one of the above
methods in the various transmitter stages, the efficiency can be ob-

9 L. Lombardi, L'Elettrotecnica, vol. II, par 117.
" A. Crossley and R. M. Page, "A new method for determining the efficiency

of vacuum -tube circuits," PROC. I. R. E., 16, 1375; October, 1928.
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tained as the ratio between the supplied power less the losses and the

same power.
For instance, in the case of a Poulsen arc transmitter, owing to the

fact that the arc burns in a water-cooled chamber, there is the possibil-

ity of measuring with a calorimeter the heat energy lost in the arc,
which represents in this type of transmitter almost all of the losses,

since the losses in the field coils may be considered negligible.
The indirect method also can be utilized in the case of cooled anode

vacuum tube transmitters, in which the power dissipated in the triodes

can be determined by measuring the volume and temperatures of the
water stream at the entrance and at the issue of each tube.

In this case it is necessary to take in account the intermediate cir-

cuit losses, which can be measured with the ammeter method. The

Fig. 8

losses in the master oscillator (when used) can be calculated by sub-
tracting from the input power the power p furnished by the master
oscillator to the grid circuit of the high power tub;

The power p can be obtained approximately graphically after the
following elements of the cooled anode power tube have been measured.

Vet. the total effective grid voltage

Vo the d -c grid voltage

/, the grid current.

Thence, the maximum value X of the grid voltage alternating
component can be deducted by the formula:

X2
v2eff -v02

2

by which we can determine the value of X. Knowing X we are able
to plot the diagram of Fig. 8, from which the fraction of a period AB
during which the grid voltage has a positive value can be calculated.
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For the calculation of the grid power it would be necessary to trace,
with the aid of the triode static characteristic, the curve of the grid
current, but as the power in question is very small compared with the
total operating power, we can admit with sufficient approximation,
that such a current is constant, and equal to Ig(MN/A73) in the inter-
val AB, and equal to zero in the remaining fraction of the period.

We shall have then, evidently:

1 MN B
p

T
/,

AB
f

A
V udt.

As an illustration of the above method, the efficiency measurements
which we have executed upon the Radio San Paolo (IDO) arc convert-
er, and upon a cooled anode transmitter of the Roma-Torrenova Italo
radio station are reported.

In the case of the air-cooled vacuum tube generators, Crossley
and Page" have suggested a thermoelectric pyrometer method for
determining the triode losses.

The thermocouple element being applied to the glass walls of the
tube, a run is made with the tube in the nonoscillating state and the
plate temperature is registered for different values of plate power
dissipation. The circuit is then placed in the oscillating state and the
plate temperature is again obtained by use of the thermoelectric
pyrometer. The plate input in watts is registered for the oscillating
condition and from this value is subtracted the dissipation in watts
represented by the pyrometer reading. The remaining number repre-
sents the watts which have been converted into radio -frequency power.

The authors have found that in various repeated measurements
they obtained values differing from each other by less than 10 per cent.

A paper condenser of Luf capacitance is shunted across the milli -
voltmeter for the purpose of by-passing any radio -frequency currents
that may be picked up by the thermocouple and leads.

Practical Applications
Experimental results utilizing the above calorimeter methods are

as follows:
As a matter of control we have traced the curves of the Fig. 9

which show how the temperature increases as a function of the time
in a case where the dissipated heat was produced by a d -c 110 -volt
lamp contained in a celotex chamber.

The lamp was supplied respectively with 37.2 `Watts (w1), 41.28
u. Crossley and Page, loc. cit.
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watts (w2), and 45.56 watts (w3), taking 18.5 deg. C as the initial tempera-

ture in each experiment.
' The values w2' are obtained by interpolation between the values

w1 and w3 by means of the ordinates in the curves.
We could observe that the interpolated power w2' corresponding to

the first few minutes of the series are affected by the greatest errors,
as a consequence of the greater weight presented by the errors of the

1 thermometer readings on the differences of temperature. By taking
mPERAruae
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in consideration only the portions of curves beginning after the fifth
minute, it can be found that the shift of w2 from the mean of w2' is,
in the case in question, equal to 0.83 per cent and not greater than
1 per cent. Thus the method can assure a sufficient precision.

When the method is applied to high -frequency measurements a
lesser regularity of the curve w2 and consequently a precision not greater
than 1 or 2 per cent is to be expected, because of the difficulty in keep-
ing the dissipated power constant during the high -frequency measure-
ment.
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The method is not suitable in high power measurements, owing to
the difficulty of obtaining large thermostatic spaces and placing the
thermometers in them conveniently, considering that the tempera-
tures vary with different laws in the various regions within the cham-
ber.

Efficiency measurement of a short-wave stabilized set (55 meters) em
playing a Philips T.B. 04/10 vacuum tube.

(A) The artificial antenna was a graphite resistor of 10.8 ohms and
a variable condenser. The transmitter was so adjusted as to give the
same absorbed anode power (298 volts, 48 ma, 14.3 watts) and the

Tkfrf PER4 TORE

MS)

39 4-4

..-38

37

36 / ,0379r
35 V lie 1219

34 Y.
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32 3.12

31 ............"- 316

3o ./..... 3.or
29 1.,
28 3,10

3.24

26

LS Al/MO, 7EJ
0 2 3 4 5 6 7 8 9 0 12 ;3 14 )6

Fig. 10

same currents in the intermediate circuit and in the artificial antenna
(respectively of 0.48 and 0.58 ampere) as in normal anntenna condi-
tions.

The curves of the increasing temperatures yi, y, y2 reported in Fig.
10 were traced respectively by employing a 2.98 -watt direct current,
the artificial antenna high -frequency current, and a 3.48 -watt direct
current. From the above mentioned curves we obtained the value 3.2
watts of high -frequency power dissipated in the resistor.

The efficiency, referred to the anode circuit absorbed power, there-
fore, is:

3 . 2
100 = 22.4 per cent .

14.3

The total efficiency, considering also the filament absorbed power
(20 watts) is reduced to 9.4 per cent.

(B) Anode absorbed power 10.5 watts.
1. Filament absorbed power, 20 watts.
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2. Intermediate circuit current 0.29 amperes.

3. Antenna current 0.52 amperes.
4. High -frequency power, computed by the curves of increas-

ing temperature, 2.26 watts.

Efficiency (referred to the anode power supply) 21.5 per cent.
Total efficiency 7.4 per cent.
We shall see later that quite a similar result was obtained by execut-

ing simultaneously the measurement with the indirect method, em -
"fl ploying a thermoelectric pyrometer.

Calorimeter Measurements

An example of this method as applied to the power and efficiency
measurements of the experimental 5 -kw station of Roma-Trastevere
is given.

We utilized as a calorimeter a 25 -kw arc chamber put in a celo-
tex thermoinsulated chamber. The arc chamber had been conven-
iently prepared by removing all the arc accessories and closing all the
holes with wood plugs covered in their interior with asbestos and with
celotex on the cutside. A 9 -ohm resistor made up of 28 arc carbons
in series was put in the interior of the chamber. Its value corresponded
very nearly to the antenna resistance value and it was able to dissi-

pate nearly 3.5 kw.
Checks made with a direct current whose power was measured with

a Siemens precision wattmeter showed that the error in measurement
due to leakages inside the calorimeter were less than 2 per cent.

(C) For the artificial antenna two 10,000 -cm Dubilier condensers
put in series with the above mentioned resistor and the antenna tuning
coil, were so adjusted as to put the circuit in resonance with the set
frequency (101. 7 kc-2950 m).

During the calorimetric measurement, which required almost half
an hour, the transmitter adjustment was as follows:

Grid voltage of the power tubes 415. v

Filaments of the power tubes Voltage 83.5 v
Current 33.7 amperes
Power 2.8 kw

Anode Supply Voltage 9300. v
Current 0.54 amperes
Power 5.02 kw

Intermediate Circuit Current 7. amperes

Antenna Current 16. amperes
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The calorimeter water volume was 0.025 liters per second and the
water temperatures respectively at the issue and entrance were 31 deg.
C and 12.4 deg. C.

The dissipated power was

4.18 X (31 - 12.4) X 0.025 = 1.945 kw.

The efficiency referred to the anode supply:

100 X 1.945

5
The total efficiency

100 X 1.945

5 -I- 2.8

(D) In another test the same method was employed with the fol-
lowing regulating conditions:

Frequency -101.7 kc (2950 m)
Grid Voltage 935. v
Filaments Voltage 85. v

Current 32.2 amperes
Power 2.74 kw

Anode supply Voltage 9200. v
Current 0.53 amperes
Power 4.87 kw

Intermediate circuit current 7 . 5 amperes
Antenna current 15. amperes

The results of the calorimetric measurement were:
Water volume, liters/sec. 0.0254
Temperature at the issue 30.5 deg. C
Temperature at the entrance 12 deg. C
Dissipated power 4.18 X (30. 5-12) X 0.0254 =1.97 kw.
Efficiency referred to the anode supply 40.5 per cent
Total efficiency 26 per cent

Photometric Method
In this application a Weber photometer with a total -reflection

double prism of the Brodhun Lummer type was employed.'2 The
standard lantern was replaced with a punctiform glowing lamp, the
absorption of which was controlled during the measurements.

The adjustable distance between the lacteous glass screen lighted
by a standard lamp and the lamp is determined by Q. running index in

12 E. Gerard, Mesures Eleetriques, Chapter III.

= 39 per cent.

= 25 per cent.



Pession and (iorio: Measurement of Power and Efficiency 397

a scale graduated from 6 to 33 cm. If we call d the scale reading when

I the photometer is adjusted for equal lighting and I the standard lamp

intensity, the lighting intensity due to the examined source is //d2.

In order to make the measurement easy the photometer is supplied

with monochromatic filters (red and green coloured glasses), as the

eye cannot easily distinguish lighting equality when the emitted spec-

trums of the two sources are not exactly alike.

(E) The photometric method was applied to determining the
efficiency of a heterodyne generator connected to a resonating circuit
containing a resistance which was a straight filament lamp.

Frequency 157.1 kc (1910 m)

Anode supply 465. v
93.5 ma
24.8 w

Filament 7.8 v
1.25 amperes
9.7 w

Photometric Measurement Light
Red 7.5 cm
White 7.5 cm
Green 7.5 cm

The same lighting intensity was obtained by operating the lamp
with a direct current of 7.4 volts at 815 ma totaling 6.03 watts.

The efficiency referred to the anode power supply was:

6.03
n = 100. - 24.4 per cent.

24.2

and the total efficiency:
6.03

n = 100 = 17.5 per cent.
34.5

(F) Tests were made to compare the photometric method with
the increasing temperature method, utilizing as a generator the short-
wave set (6660 and 4280 kc, respectively 45 m and 70 m) of the Rome
Post Office (San Silvestro) station.

The set operated into an oscillatory circuit, containing as a resist-
ance a 50-c.p., 100-volt glow lamp of the commercial type, which
could be enclosed in a wooden chamber whose interior was covered with

celotex.
After having plotted the increasing temperature curve, by employ-

ing an oscillatory current, we then measured the dissipated power in
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the lamp by the photometric method. Then, by lighting the same
lamp with a direct current of the same power, we found that the in-
creasing temperature diagram corresponded practically with the one
previously traced. The measurement was performed with the fre-
quencies of 6660 and 4280 kc. (See Fig. 11.)

This experiment shows that the photometric method can give the
same precision as the thermometric method. The results are very
satisfactory and, moreover, the measurement can be made very rap-
idly.

TEMPERA rtAe E

340

32

30

28

26

24

22

20

180

o' 2' 4' 6'
Fig. 11

Owing to its simplicity, the photometric method of measurement
can be applied very easily to the measurement of considerable power by
utilizing a lamp of adequate size or several lamps in parallel. Lamps
of 1-, 2-, or 3 -kw rating are now commercially available. In case several
lamps are used, it is preferable to photometer them separately.

(G) We employed this method in the measurement of the efficiency
of the Rome -San Paolo arc converter (frequency 27.9 kc; wave 10,750
m) and of the Rome-Torrenova 20 -kw vacuum tube transmitter. The
measurement was performed in 30 minutes. The d -c arc supply cur-
rent was 135 amperes at 567 volts; the absorbed power 76.5 kw and the
antenna current 94.5 amp.

The refrigerating water temperatures resulted 12.5 deg. C at the
entrance and 36.7 deg. C at the outlet; the water volume being 29.200
liters per minute.

Al/MUTE)

e.A

C.A

8' 10'
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The power dissipated in the refrigerating water was therefore:

29.2
4.18 X

60
X (36.7 - 12.5) = 49.2 kw

I and the efficiency:
(76.5 - 49.2)

n = 100 = 35.7 per cent.
76.5

The antenna resistance, which was measured with the added re-

; sistance method, was 2.55 ohms. The power given by the product of

R/2 would therefore be 22.7 kw, so that we obtained by this measure-

ment an efficiency of 29.7 per cent." Due to the above mentioned rea-

sons this value is in error being somewhat too small while the preced-

ing one is slightly in excess, for the reason that we neglected the field

coil and the other circuit losses.

(H) Tests were than made of the Rome-Torrenova 20 -kw trans-
mitter with two different regulating conditions corresponding to the

3rd and 4th tap of the power transformer primary.
The following table indicates the conditions and measurement

results. The power furnished by the master oscillator to the power

tube grid circuit was calculated by the method previously de-

scribed.
The thermoelectric pyrometer method employed in the indirect power

measurement of air-cooled vacuum tube transmitters.
Simultaneously, as a check, during the B measurement we deter-

mined the power dissipated in the triode by using both the thermoelec-
tric pyrometer and the method described by Crossley and Page. An
efficiency value of 19 per cent was obtained, while' dmploying the in-
creasing temperature method the efficiency was indicated at 21.5 per

cent.
In consequence of other measurements performed with the same

method we convinced ourselves that this method presents some diffi-
culties in regard to the thermocouple calibration, so that it cannot
give a greater accuracy than that of 10 per cent as indicated by the
authors.

When quick and very precise measurements are requested, the
direct photometric method is undoubtedly the better one to em-
ploy.

13 This value is in correspondence with that obtained by Jullien and Calvel
in the measurement of the Eiffel Tower arc efficiency, Annale des Posies et Tele-
graphes, January, 1922.
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Volume 19, Number 8 March, 1951

A NEW METHOD OF TESTING FOR DISTORTION IN
AUDIO -FREQUENCY AMPLIFIERS*

BY

HERBERT J. REICH
(Department of Electrical Engineering, University of Illinois, Urbana, Illinois)

Summary-A periodic voltage wave consisting of a series of straight lines is dis-

torted into a series of curves when it passes through an amplifier which gives nonuni-
form amplification. As such distortion can very readily be detected visually with an
oscillograph, it affords a means of testing for uniformity of amplification.

Mathematical analysis shows that a "saw -tooth" voltage wave is distorted into a
series of exponential curves in passing through a resistance -capacity -coupled ampli-

fier, the distortion being considerable at low audio frequencies if the coupling ca-
pacity or the grid -leak resistance is too small. The analysis proves that a falling off in
amplification of less than 1 /2 per cent at low audio frequencies can be detected with

ease. In other types of amplifiers the distortion is not necessarily exponential, but
curvature of the output wave is in general a sign of nonuniform amplification or phase

shift. The method is applicable to the testing of any type of coupling circuit. The

apparatus required for this method of testing is very readily constructed and is of
general laboratory usefulness.

N THE course of the development of a cathode-ray oscillograph
using a linear time scale'. it was necessary to use a resistance -ca-
pacity -coupled amplifier for amplifying a saw -tooth wave of the

' form shown in Fig. la. It was found that under certain conditions this
wave was distorted into a series of exponential curves, as shown in Fig.
lb. Analysis of the input circuit of a stage of the amplifier showed this

Fig. la.-Input saw -tooth wave. Fig. lb.-Output saw -tooth wave.

distortion to be caused by the combined action of the coupling capa ity
and the grid -leak resistance. The ease with which even a slight amount
of such distortion may be detected visually by means of an oscillograph
at once suggested the possibility of using it in testing for uniformity of
amplification at low audio frequencies. It is the purpose of this paper
to show that the distortion is an indication that the amplification drops
off at low frequencies, and that this distortion may therefore be used

* Decimal classification: R263. Original manuscript received by the Insti-
tute, May 21, 1930. Revised manuscript received by the Institute, October 9,
1930.

1 Bedell and Reich, "The oscilloscope, a stabilized cathode-ray oscillograph
with linear time -axis," Jour. A. I. E. E., 275, June, 1927.
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in obtaining a quick indication of decreased amplification at low audio
frequencies.

This method is of principal value at frequencies below 1000 cycles,
and hence the input admittance of the tube at frequencies which will
be considered is so low that no noticeable error will be introduced into
the discussion by neglecting it. The amplification of the tube itself may
safely be considered as constant for these frequencies. It may for sim-
plicity be taken as unity or 100 per cent and the discussion limited to
the attenuation caused by the input circuit.

Ie

Fig. 2.-Simplified circuit of resistance -capacity -coupled amplifier.

Fig. 2 shows the simplified diagram of the input circuit. The dif-
ferential equation for this circuit is

Q dQ

R
= e(t) (1)

C dt
where,

e(t) is the impressed voltage, and
Q the charge on the condenser at any instant.
The general solution of this equation for any periodic impressed

voltage of period p gives for the output voltage er (t) across the resist-
ance R:

1 e'

e = [e(t)
RC

e(s)ets-t9 /RC ds
0

E-t' IRC

e(s)E(8-13) Ae-t/RC. (2)
RC (1 - E-PIRC)

The terms within the brackets are periodic with periodicity p, and
therefore we define t' =t-np, n being the number of complete cycles
which have taken place since the application of the impressed voltage
at the time t =O. The last term, in which A is an arbitrary constant,
represents the starting transient, and must be evaluated for t, the ac-
tual value of time elapsed since the application of the voltage.

For a sinusoidal impressed voltage, e = Em sin cot, applied at the time
t =0, the solution reduces to

EmR EmR
e,(t) = sin (cot + a) (sin a)c-,tIRC (3)
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where,

and,

1

Z2 = X' +R2 =

Xa = tan- - 
R

co2C2
+ R2

' The second term in (3) represents the starting transient and may be
neglected in the discussion of steady conditions. The equation may
therefore be simplified to

R
er(t) = Ez sin (cot + a). (4)

Since both Z and a increase with a decrease of frequency, the attenua-
tion and shift in phase are greater for low frequencies than for high.
We thus have two causes of distortion in this circuit : change in attenua-
tion and change in phase shift with change in frequency. The phase
distortion is not ordinarily of great importance since with usual values
of R and C the phase shift is negligible even for frequencies below 60
cycles. Unequal attenuation, or, considering the tube, unequal ampli-
fication of different frequencies, is usually undesirable. The test for
this kind of distortion ordinarily consists in measuring the amplifica-
tion of the amplifier for a number of frequencies distributed throughout
the desired frequency range of the amplifier and plotting a curve from
the data so obtained. This gives an accurate test, but takes consider-
able time and requires accurate instruments. When a precise quantita-
tive test is not essential a quicker and simpler method should be of
value.

If the applied voltage is not sinusoidal, but periodically increases
at a uniform rate to a maximum value Em in the period p, dropping in-
stantaneously to zero at the end of the cycle, then the right side of (1)
becomes

E
e(t) = kti = = E nifie

p
(5)

in which f, is the fundamental frequency or reciprocal of the period, and
as before,

p = the period
t' =t-np.
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For such an applied voltage the general solution, (2), simplifies to

pe-t, iRc -

er(t) = E,fl[RC 1 - e-piRc

1 -1:-PiRc
Rcie-ttRc. (6)

The terms in the first brackets in this equation are periodic with perio-
dicity p, and those within the second give the starting transient. Under
steady conditions the transient is zero and

E-t' I RC

er(t) = E mfi[RC (7)
f1(1 - E-1/fIRC)

In Fig. 3a equation (7) has been plotted for a frequency of 50 cycles
and a value of RC of 0.01 ohmfarads. In addition to being distorted
into an exponential curve, the output is seen to be displaced downward
with respect to the axis of zero voltage. That this is to be expected
becomes evident from a purely physical analysis of the action of the
circuit. At the beginning of the first cycle the condenser is uncharged
and the resultant e.m.f. in the circuit is just that which is impressed.
The condenser, therefore, charges throughout the first cycle. Since the
impressed voltage drops instantaneously to zero at the end of the cycle
there is no time for this charge to leak off before the commencement
of the second cycle, and the value of the charge at every instant of the
second cycle will be greater than at the corresponding instant in the
first cycle. The average charge of the cycle will increase with each suc-
cessive cycle until the potential across the condenser exceeds the ap-
plied voltage during such a part of the cycle that as much charge leaks
off in this part as flows on during the remainder. The output voltage
is lower than the impressed voltage by the amount of the potential
across the condenser, and it is therefore evident that the output wave
will be displaced with respect to the input. The charge, and hence the
displacement, varies with the applied frequency and with R and C,
approaching Em as a limit as RC approaches zero.

Since we are interested mainly in the shape of the curve, it will be
best to plot the difference between the voltage at any instant and that
at the beginning of the cycle and thus neglect the displacement. From
(7) we obtain

Em
er(t) - er(np) = [1 - e-tv Re].

1 - e-iu,Rc (8)
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An examination of this equation shows that at the end of each cycle,
when t' =p = ILA, the value of the output voltage has increased over
that at the beginning by an amount E., which means that the output
amplitude must always equal the input amplitude. This is not strictly

Fig. 3a.-Theoretical input and output saw -tooth
waves; h =50 cycles, RC =0.01 ohmfarads, Em =1.

true physically, especially for very low values of R or C, since as R or C
becomes small other small resistances and capacities in the circuit
which have been neglected become of importance. The effect of these
is to reduce the output amplitude.
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In Fig. 3b equation (8) has been plotted for a number of values of

fiRC which were used in the experimental work.

SUMMARY OF MATHEMATICAL ANALYSIS

It has been shown: (a) That if the saw -tooth wave, e(t) = E fit' , is

applied to the input circuit of a resistance -capacity -coupled amplifier

it will be distorted into an exponential wave of the form given by (7).

By Fourier analysis or by a rigorous discussion of the method used in

obtaining the general solution given by (2), it may further be shown:

(b) that this distortion is caused by unequal phase shifts and non-

e,.

p

t.

Fig. 3b.-Theoretical shape of output waves corresponding to
periodic linear input voltage, e=Emfit'.

uniform amplification of the various harmonics contained in the im-
pressed wave; (c) that the phase shift of any harmonic is the same as
would be obtained for a sine wave of the same frequency as the har-
monic if it alone were applied to the input; (d) that the relative ampli-
fication of the various harmonics is the same as would be obtained for
sine waves of these same frequencies independently applied to the cir-
cuit.

It is evident, therefore, that instead of applying a series of frequen-
cies to such an amplifier and measuring the amplification for each fre-
quency, it is possible to test for uniformity of amplification at low au-
dio frequencies by applying a periodic saw -tooth wave of the form e(t)
= E , where f1, the fundamental frequency of the wave, is equal to
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the lowest frequency which it is desired to amplify, and examining the
output wave oscillographically. Distortion into an exponential wave
is mainly a sign of insufficient amplification of the lower frequencies
since phase displacement is negligible for values of R and C commonly
used. It may readily be shown by Fourier analysis that the amplitude
of any harmonic contained in the applied wave is inversely proportion-
al to the order of the harmonic, and hence this test indicates principally
whether or not the fundamental frequency of the applied wave is being
amplified as much as the higher frequencies. When it is necessary to
test for distortion at higher frequencies, an applied wave of greater
fundamental frequency should be used. At the upper end of the audio -
frequency range other types of distortion are likely to become impor-
tant, and this test will indicate only the kind of distortion which has
been discussed. Since with usual values of R and C this type of distor-
tion is not likely to occur at frequencies above 1000 cycles, this method
is of principal value at frequencies below this.

Fig. 4.-Simple neon tube oscillator circuit.

It is of interest to determine with what accuracy distortion can be
detected by this method. It is seen by (3) that the amplification of a
sine wave of frequency f =co/27r. is : R

E m

Z R
U =

En,
This may be put into the form:

(9)

(2irfRC)2U = 4/ (10)
V 1 + (2irfRC)2

For large values of fRC, U approaches unity, and there is no distortion
(neglecting other factors which may influence amplification at high fre-
quencies). Fig. 3b shows, and it has been verified experimentally, that
distortion of a saw -tooth wave may readily be detected for values of
fiRC less than or equal to 2. Substituting this value in (10), we find
that the corresponding circuit amplification (neglecting the tube) is
0.9965. This means that a reduction of amplification of less than I per
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cent for a frequency equal to the fundamental frequency of the im-

pressed saw -tooth wave may be detected.

EXPERIMENTAL PROCEDURE

The most satisfactory source of a saw -tooth voltage for this work

is the neon tube oscillator.2'3 The simplest form of this device is shown

in Fig. 4. It consists of a neon tube N, in parallel with a capacity C,,

connected through a high resistance R to a source of voltage higher

vc

TIME

Fig. 5.-Voltage wave obtained with simple neon tube oscillator.

than the ignition potential of the tube. The action of the oscillator is

as follows: As soon as the circuit is closed the condenser starts to
charge. It continues to charge until the potential across its terminals
equals the ignition potential of the neon tube, when the tube com-
mences to glow. The resistance of a neon tube during discharge is very

low, and hence the condenser is discharged very quickly to a point at

Fig. 6.-Improved neon tube oscillator circuit.

which the potential across its terminals equals the extinction potential
of the tube, which is usually about ten or fifteen volts lower than the
ignition potential. The tube then becomes nonconducting and the con-
denser again begins to charge. The potential across the condenser goes
through a cycle consisting of a slow rise and a rapid drop, the frequency
being inversely proportional to the resistance and the capacity, and
also depending upon the applied voltage and the constants of the tube.

2 Pearson and Anson, Proc. Phys. Soc. (London), 34, 115 and 204, 1922.
s Taylor and Clarkson, Proc. Phys. Soc. (London), 36, 269, 1924.
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As the rate of charging and discharging, and hence the terminal volt-
age of the condenser follows an exponential law, the voltage wave will
consist of a series of exponential curves, as in Fig. 5.

If the resistance R., of Fig. 4, is replaced by a thermionic vacuum
tube as shown in Fig. 6, and the applied voltage is made sufficiently
high so that this tube is operated above voltage saturation, then the
condenser charging current will be constant despite the relatively small
variations of plate voltage throughout the cycle. The rate of charging
will be constant, and hence the condenser potential will build up at a
uniform rate. Discharge will still follow the exponential law. The re-
sulting curve will be that shown in Fig. 7. The frequency may be varied
either by changing the capacity of the condenser or by varying the
filament current of the triode. Satisfactory saw -tooth waves of fre-

Vc

Ve

TIME

Fig. 7.-Voltage wave obtained with improved neon tube oscillator.

quencies varying from one in several minutes to six or seven thousand
per second may be produced by this oscillator. The portion of the cycle
taken up by the discharge of the condenser varies with the frequency
and the constants of the neon tube and the circuit, but is seldom more
than 10 per cent of the cycle, and can by proper adjustment be made
less than 1 per cent.4

Fig. 8 shows the wiring diagram of the complete circuit used in this
work. The apparatus to the left of the dotted line A -A' is the neon tube
oscillator and its coupling tube. This portion of the apparatus is of
frequent value in the laboratory, and was therefore built up in a unit.
The 171 amplifier tube, V1, in addition to amplifying the output of the
neon tube oscillator, makes possible the variation of amplitude of the
saw -tooth wave by means of the potentiometer R1, and also insulates
the neon tube and condenser from the amplifier which is being tested.
The apparatus to the right of A -A' is the stage of resistance -capacity -
coupled amplification which is being tested. If the input circuit of this
stage were connected directly across the oscillator condenser without
the intervening coupling tube, the condenser C, in series with the grid

' See footnotes 2 and 3.
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leak R, would be shunted across the neon tube condenser C., and would

change the frequency. If the amplifier tube V2 drew grid current the

frequency would also be changed, and the saw-tooth wave would be

distorted because the charging current of the oscillator condenser would

no longer be constant. The coupling stage prevents these difficulties.

The 171 tube was chosen because it can stand the relatively high grid

swing without producing noticeable distortion due to curvature of the

characteristic. (An oxide -filament 171-A tube was tried in place of the

171, but seemed to draw appreciable grid current, and therefore dis-

torted the wave.)
A total B voltage of approximately 300 volts is necessary. Batteries

preferably should be used, but a well -filtered full -wave eliminator will

UX-171
Vz

011I---- I

A

dr"'
To

OSCIL L OGRAPH

A'

Fig. 8.-Complete wiring diagram for amplifier-testing set-up.

serve the purpose. The grid of the coupling tube is very sensitive to
disturbances and if any appreciable ripple exists in the plate voltage
supply the output of the oscillator will be distorted The voltage 0-2
must be at least equal to the sum of the ignition potential of the neon
tube plus the saturation plate voltage of V1. The latter is operated with
very low values of filament current, and so the saturation value of tile

plate voltage is correspondingly low. About 175 volts is usually ample
for 0-2. After 2 has been set, the voltage tap 1 is adjusted so as to apply
the proper bias to the grid of V2. The proper setting is best determined
by observing the output oscillographically. If the negative bias is too
low, V2 will draw grid current and will distort the wave or even prevent
the neon tube circuit from oscillating; if it is too high, the output am-
plitude will be small and the wave will be distorted. It is obvious that
the voltage 1-2 should be smaller than the average neon tube potential
by an amount equal to the normal grid bias of V2. .,The position of tap
3 is ordinarily of little importance, since the coupling condenser and
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the grid leak and biasing battery maintain the grid of Vg at the correct
potential. If it is desired, however, to short-circuit the coupling con-
denser and study the characteristics of a resistance -battery -coupled
amplifier, tap 3 must be adjusted to give the correct grid bias to V3.
Tap 4 varies the bias applied to the input of the oscillograph and is
therefore used for centering the image on the screen. The oscillator
condenser Cy, should be as large as the desired frequency will permit in
order to minimize the picking up of stray fields by the grid of the cou-
pling tube. With proper adjustment of the coupling tube it is pos-
sible to obtain an undistorted wave over almost the entire range of fre-
quencies produced by the oscillator.

The stabilized oseilloscope5 was used for both visual and photograph-
ic study of the input and output voltages. Its advantages for this type
of work are that it is compact and easy to operate and that it responds
equally well to all frequencies in the audible range. This instrument
employs a Western Electric cathode-ray tube, and embodies apparatus
for obtaining a linear time axis, so that the true wave -form is shown
by the tube. In order to lock the timing oscillator into synchronism
with the observed wave, a stage of amplification similar to the cou-
pling stage V2 was connected in parallel to V2, the output being applied
to the oscilloscope by means of special terminals provided for that
purpose on the instrument.

The lower slider of the potentiometer R1 was adjusted so that the
proper input was applied to the amplifier stage V3 which was being
tested. R, was then set so that the amplifier output applied to the os-
cillograph had the correct amplitude, and the other slider of R1 was

! adjusted so that for high frequencies the same amplitude of input wave
was obtained on the oscillograph when the switch S Was thrown. The
biasing battery B1 and the bias tap 4 of the main battery were adjusted
to balance out the direct -current drops in the resistances R1 and Rp.
The telephone key -switch S made possible rapid change from input to
output, so that a very accurate comparison could be obtained on the
oscillograph. When the switch was snapped back and forth rapidly,
persistence of vision made possible simultaneous examination of the
two waves. Photographic records were made by holding bromide paper
against the end of the oscillograph tube for exposures ranging from five

I to ten seconds.
In studying the distortion of sinusoidal voltages the neon tube oscil-

lator was replaced by an audio -frequency vacuum tube oscillator..
Standard multistage resistance -capacity -coupled amplifiers and a
transformer -coupled amplifier were studied in the same manner as the
single stage shown in Fig. 8 by connecting them to the coupling tube.

5 See footnote 1.
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OSCILLOGRAMS

The oscillograms of Fig. 9 show the variation of amplification and

phase shift with frequency and with coupling capacity. The three os-

cillograms in each horizontal row are for the same frequency and show

the effect of change of coupling capacity; the four in each column are

for the same coupling capacity and show the effect of change in fre-
quency. In order to exaggerate the distortion sufficiently to make it
visible in these oscillograms a grid leak of only 5000 ohms resistance

/20

240

480-s

960

0.02 Mfd. 0.05 Mfd.

A.1
0.5 M

Fig. 9.-Oscillograms showing variation of amplification and phase shift of sine
waves with frequency and with coupling -capacity; R =5000 ohms.

was used. The phase shifts and relative amplifications obtained agree
within the accuracy of measurement with theoretical values. Since the
oscillograms were obtained by holding the sensitized paper in direct
contact with the cathode-ray tube, the direction of phase shift is re-
versed. (The output waves have the smaller amplitude.)

Fig. 10 shows the saw -tooth input and output voltages at 60 cycles
for values of coupling capacity of 0.02 Af, 0.05 Id, and 0.5µf, with 1/4-
megohm grid leak. The oscillograms in Fig. 11 are typical input and
output waves at 30 cycles with 0.02-,uf coupling 'capacity and 1/4-
megohm grid leak. The relative amplitudes of input and output in Fig.
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I 11 have no significance, since they were adjusted independently to con-
venient values.

The, oscillograms obtained in applying the saw-tooth wave test to
a stage of good transformer-coupled amplification appear in Fig. 12.
The effect of overloading the tube is clearly visible in (a). (b) gives to

INPVT - (50 CVC LES A4CO , 05p1d.

00,- XO AMC, O.OSpfd 60A, k.MCG., o.aapdd.

Fig. 10.-Oscillograms of input and output saw -tooth waves at 60
cycles; R =1/4 megohm.

Fig. 11.-Oscillograms of input and output saw -tooth waves at 30 cycles;
R =1/4 megohm, c =0.02 Af.

a b c

Fig. 12.-Oscillograms of output waves for transformer -coupled amplifier.

a larger voltage scale and smaller time scale the flat portion of (a), mak-
ing visible transient oscillations above the point of overloading. (c) is
taken under normal operating conditions for a 60 -cycle input wave.
The marked bending of the output wave is to be expected, since the
amplification of low frequencies is not so good as with a resistance -
coupled amplifier.
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An interesting effect was observed in connection with the oscillo-
graph. In order to prevent a permanent oscillograph deflection by the
direct -current drops in the plate resistors an attempt was made to
couple the oscillograph to the circuit through a condenser. As a grid
leak is used across the input of the oscillograph this resulted in a circuit
of the same form as the resistant -capacity-coupled amplifier and gave
the same kind of distortion. Removal of the grid leak across the oscil-
lograph plates failed to solve the difficulty, and it was found that the
conductance between the plates caused by the electron stream acted
in the same manner as the grid leak. Direct coupling with proper bias
completely eliminated this effect.

CONCLUSIONS

The oscillograms of Figs. 10, 11, and 12 demonstrate the ease with
which distortion may be detected by this method. Bending of the out-
put wave is plainly visible for values of f1RC as high as 2, for which the
fundamental frequency is amplified by a factor of 0.9965 as compared
to unity for an infinite frequency or for perfectly uniform amplifica-
tion. Even greater accuracy is possible with visual oscillographic ob-
servation, using a key switch for changing from input to output. Al-
though part of the theoretical discussion of this paper applies only to
capacity -resistance -coupled amplifiers, an extension of the Fourier an-
alysis which has been indicated will show that bending of a linear input
wave into a curved output wave of any form is an indication of non-
uniform amplification (or nonuniform phase shift). The method is
therefore of value in testing any type of amplifier. The apparatus
needed for this work is easily constructed and may be used for other
purposes. Once it is at hand, an amplifier may be quickly and readily
tested qualitatively for uniformity of amplification at low audio fre-
quencies.

Oscillograms verify the theoretical curves of Fig. 3 and indicate that
in order for a resistance -capacity -coupled amplifier to be suitable for
undistorted amplification of saw -tooth and similar nonsinusoidal vol-
tage waves of low frequency the coupling capacity and grid leak
should be sufficiently large so that the product ARC, in which fl is the
lowest frequency to be amplified, is not less than 6. Because of other
types of distortion, however, this value may be unsatisfactory at high
audio frequencies.

Because of the conductance between the control plates of a cathode-
ray oscillograph tube, series capacity should not be used in coupling
the oscillograph to the circuit under observation if high accuracy is de-
sired. When it is necessary to use capacity coupling to isolate the os-
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cillograph, care must be taken to insure that the condenser is suffi-

ciently large to prevent distortion at low frequencies. If G represents

the conductance between the control plates of the oscillograph tube,

then fiC/G should be not less than 6. The saw -tooth wave test may be

used to advantage here by connecting the oscillograph directly to the

output of the coupling tube V2.
A tuned grid -rectification detector uses essentially the same circuit

as a resistance-capacity -coupled amplifier, and is subject to the same

type of distortion for low modulation frequencies. The saw-tooth wave

method has been used to advantage by Riichi Okada, a graduate stu-

dent of this department, in comparing detectors using grid and plate

rectification.'
The accuracy of the method which has been outlined arises par-

tially from the ease with which distortion from a straight line can be

detected by eye. An alternative method would be to apply to the am-

plifier any type of wave containing a large number of harmonics and

to analyze the input and output oscillograms by means of a harmonic

analyzer. The amplification characteristic could then be obtained from

the ratios of output to input for the various harmonics.
In conclusion I wish to acknowledge my indebtedness to Prof. W.

A. Hurwitz of the Department of Mathematics at Cornell University

for a rigorous solution of the differential equation of the circuit for non -

sinusoidal periodic impressed voltages.

6 Riichi Okada, "Oscillographic comparison of the characteristics of anode
and grid rectification," Thesis submitted for the degree of Master of Science in
Electrical Engineering, University of Illinois, 1930.
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A RAPID METHOD OF ESTIMATING THE SIGNAL-TO-NOISE
RATIO OF A HIGH GAIN RECEIVER"

BY

F. B. LLEWELLYN
(Bell Telephone Laboratories, New York City)

Summary-It is shown that a figure of merit for the signal-to-noise ratio in a
receiving system is obtained directly by noting how much the total noise output in-
creases when the input circuit is tuned through resonance, in the absence of signal.
The effect of mismatching the antenna and input circuit impedances is discussed,
and it is concluded that although a small improvement may be obtained in certain
ideal cases by making the circuit impedance much higher than the antenna impedance,
other considerations indicate that the matched impedance condition gives the best
results in practice.

iN A recent issue' of the PROCEEDINGS of the Institute of Radio
Engineers, the writer discussed some of the causes of noise in high
gain radio receiving circuits and attached vacuum tubes. Still

later,2 Stuart Ballantine discussed certain aspects of this noise and de-
scribed a complete and ingenious method for measuring the merit of a
receiving system with regard to its signal-to-noise ratio.

In the Bell Telephone Laboratories we have approached the prob-
lem of classifying the signal-to-noise properties of receiving systems
somewhat differently from Mr. Ballantine. The basis of our method of
attack lies in the realization that there is a limit beyond which the noise
in a receiving system may not be reduced and that the best signal-to-
noise ratio possible for a fixed value of signal field strength bears a very
definite relation to this limit of noise. For an illustration of this limit-
ing relation the accompanying figure shows a receiving system in operat-
ing condition with antenna and input circuit attached to the grid of
the first tube. The band width of the system is fixed by considerations
other than noise and is as narrow as is consistent with the quality of
reception desired. The input circuit causes a thermal noise voltage to
be impressed on the grid of the first tube. Then, if the remainder of the
circuits of the system contribute so little noise to the final output that
the whole noise disappears when the input circuit is either detuned or
short-circuited, it is evident that no further improvement in signal-to-
noise ratio is possible with any radio set having the given input circuit,

* Decimal classification: R261.5. Original manuscript received by the
Institute, November 3, 1930. Presented before Boston Section of the Institute,
October 24, 1930.

1 F. B. Llewellyn, "A study of noise in vacuum tubes and attached circuits,"PROC. I.R.E., 18, 243-266; February, 1930.
S. Ballantine, "Fluctuation noise in radio receivers," PROC. I.R.E., 18,

1377-1388; August, 1930.
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and that an increase in the gain of the receiver will only cause the noise

to increase in the same proportion as the signal.
An observation or measurement of the amount by which the total

noise output is changed when the input circuit is tuned through reso-

nance, furnishes a measure of the closeness to which the ideal "limit of

noiselessness" (where practically all of the noise is furnished by the

thermal agitation of electricity in the input circuit) has been ap-
proached.

Any noise originating at points in the circuit subsequent to the grid
of the first tube, as for instance from thermal agitation in the plate
circuit of the first tube, represents an addition to the noise without a
corresponding increase in signal and consequently acts to decrease the

signal-to-noise ratio. It is thus clear that if the gain secured in the
first tube is sufficient to raise the noise voltage on its grid to a level far
above that of the noise originating on its plate, or elsewhere in the cir-
cuit, then the signal-to-noise ratio of a set is fixed by the signal-to-noise
ratio obtained in the input circuit alone for anygiven signal field strength.

The limit to be attained in signal-to-noise ratio in a radio receiving set
by design of the set is therefore the ratio of the signal to the thermal noise of

the input circuit.
If the signal-to-noise ratio of the input circuit alone were the same

for all forms of input circuit, then the signal-to-noise capabilities of any

set could be directly compared with any other set by comparing the
relative increase in the noise in the two sets caused by tuning their re-
spective input circuits through resonance. The signal-to-noise ratio of
each set would be proportional to a fraction, the numerator of which
gives the noise output of the set when the input circuit is tuned to res-
onance, and the denominator of which gives the noie output when the
input circuit is detuned. Indeed this proceeding actually is allowable
for practical purposes since the variations which are introduced by
other elements of the amplifier are, in general, very much larger than
those which can come from different forms of input circuit. The small
effect on the measured ratio which can be caused by different forms of
input circuit may be accounted for by the following considerations:

The source of noise in the input circuit of the type of set under dis-
cussion is the thermal agitation of electricity in the conductors which
form the circuit. The effective mean -square noise voltage produced on
the grid of the first tube is proportional to the resistive component of
the impedance occurring between the grid and filament, when the input
circuit and antennas are connected and properly tuned. The source of

3 In this discussion it is assumed that radiation resistance behaves like cir-
cuit resistance at the atmospheric temperature in regard to thermal noise, and
when "static" is absent. This point is being checked.
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the signal may be assumed to be a generator in series with the radiation

resistance of the antenna. If the signal suffers attenuation in the net-

work of the input circuit before becoming effective at the grid-filament

terminals of the first tube, the signal-to-noise ratio is reduced below an

otherwise possible value. These more involved cases are more rarely

encountered in practice than the simple circuit where the antenna is

directly coupled into a tuned input circuit.
The action of a simple input circuit depends upon the relative im-

pedances of the circuit network and the antenna to which it is coupled.

For example, if R1 represents the radiation resistance of the antenna
and R2 the antiresonant resistance of the portion of a tuned circuit

R, R2 g

F
AMPLIFIER

Fig 1

across which the antenna is tapped, as shown in the figure, then the
signal-to-noise ratio across the grid of the first tube, and in the nar-
row frequency range passed by the whole receiver, may be expressed

by'
R2- a

:V R,+ R2

where V is the mean signal voltage and _V is the mean noise voltage.
This equation shows several interesting things. First, it is seen

that the signal-to-noise ratio improves as R2 is made larger and larger.
In Fig. 1 this corresponds to moving the antenna tap nearer and nearer
to the top of the antiresonant circuit. Such a proceeding cannot, how-
ever, be carried too far because of the following considerations: Im-
agine the tap to include the whole antiresonant circuit so that R2 is as
large as it is possible to make it. Under these conditions the impedance
of the input circuit, as viewed from the grid of the first tube, is some-
what less than RI, the radiation resistance of the antenna, which can
seldom be greater than two or three thousand ohms. In order to bring
the noise from such a low resistance to a higher level than the noise

4 The signal voltage, .1', is equal to ER21(R2+R2) where E is the effective
signal e.m.f. in the antenna. But E is proportional to the effective height which
in turn is proportional to the square root of R,. The noise voltage is proportional
to the square root of the resistance of R1 and R, in parallel. In this argument
antenna losses are neglected and absence of reactance is assumed to be assured
by tuning.
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originating in its plate circuits, the amplification of the first tube would

have to be enormous; much higher than it is practically possible to

produce. The favorable signal-to-noise ratio obtained in the input cir-

cuit accordingly would be spoiled by noise added in the plate circuit of

the first tube.
Second, under the usual operating conditions the input circuit is ad-

justed so that the impedance of the input circuit matches the antenna

impedance. When this state of things exists, R1 and R2 are equal, and

the signal-to-noise ratio in the input circuit has been decreased some

3 db below the greatest possible ratio which was discussed above.

Nevertheless, as viewed from the grid of the first tube, the input cir-

cuit offers a reasonably high value of resistance, since the tap for the

antenna is now moved down nearer the lower end of the coil, and it has

been found that the noise produced is sufficient to exceed the noise from

the plate circuit of the first tube even when a practically attainable de-

gree of amplification in the first stage is employed.
Any further reduction in R2 by moving the tap still further down on

the coil results in a reduction in signal and an increase in noise, since

the resistance as viewed from the grid of the tube continues to increase

as the tap is moved toward the bottom of the coil.
It would appear, as a result of these considerations, that the opti-

mum signal condition, which is that obtained when the impedances are

matched, is also the most practical condition under which to operate
when signal-to-noise relations also are taken into account. The signal-
to-noise energy ratio on the grid of the first tube under conditions of

matched impedances is exactly one-half of the best signal-to-noise ra-
tio obtainable under any conditions so that the ratio is independent of

the exact form of input circuit and antenna employed, so long as the

antenna resistance is mainly radiation resistance.
In the foregoing discussion, the antenna and the antiresonant cir-

cuit were assumed to be separately tuned. This assumption was made
only for purposes of exposition, and the same conclusions hold w hen

a detuned antenna is coupled into the antiresonant circuit which is then

adjusted so as to tune the system as a whole. This is evident when it is
remembered that the antenna resistance and reactance may be reduced

to an equivalent impedance acting in series with the coil of the anti -
resonant circuit.

In the field, where optimum coupling is employed, so as to give the
greatest signal voltage, signal-to-noise ratios are measured with the
antenna disconnected in order to eliminate interfering signals and
noises. The thermal noise of the circuit network forming the input is
thus measured by tuning through resonance and noting the change in
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noise output. Then the effect of the antenna is taken into account by
reducing the result 3 db. In case there is too little gain in the receiver
to measure or observe noise in the absence of a signal carrier, a local
oscillator of the carrier frequency may be used to introduce an e. m. f.
on the grid of the detector tube and thus beat in enough noise so that
the effect of tuning the input circuit may be noted in the usual manner.

To recapitulate:
The signal -to -thermal noise ratio in the input circuit is the limit

which can be reached in signal-to-noise ratio.
How near an actual set approaches this limit may be measured by

observing the change in the total noise when the input circuit tuning is
varied through resonance.

The signal -to -thermal noise ratio with an input circuit which is so
coupled to the antenna and tuned as to give a maximum signal, is 3 db
below the theoretical maximum obtainable.

-4 --mile>-<GINN--+-



Proceedings of the Institute of Radio Engineers
Volume 19, Number 3 March, 1931

OSCILLATION IN TUNED RADIO -FREQUENCY
AMPLIFIERS*

BY

B. J. THOMPSON
(General Electric Company, Schenectady, New York)

Summary-The wide use of screen -grid tubes renders an understanding of the
conditions for stability of tuned radio frequency amplifiers important. In this paper
the relation between the feed -back capacity and the other circuit and tube parameters
at the threshold of instability is computed for one, two, three, and four stages. The

form of the relation is found to be
A g2

Co = ,
cogm

where g is the conductance of the load circuit and plate resistance in parallel, assum-
ing that all circuits are similar. The values of A are 2.0, 1.0, 0.764, and 0.667, re-

+ spectively, for one, two, three, and four stages. It is found that the circuits are tuned
so that the phase angle of each is approximately 45 deg. lagging, still including the
plate resistance of the tube in the tuned circuit.

An experimental verification of the conditions for stability of a one -stage am-
plifier is described. The experimental value checks the theoretical value within the
accuracy of the measurements.

INTRODUCTION

HE advent of the screen -grid tube has aroused interest in the
conditions for stability in tuned radio -frequency amplifiers. The
merit of the tube lies in its ability to give high amplification per

stage in stable circuits without neutralization. It is important, there-
fore, that the conditions for stable amplification be understood in the
design of both the tubes and the circuits.

In the ideal screen -grid tube,' the normal source of the feed -back
which sets up the oscillations, the plate to grid capacity, is eliminated.
In practical tubes this is not possible, of course, and the best that may
be hoped is that the feed -back capacity is reduced to such a low value
that oscillation will not occur. The problem here discussed is the de-
termination of the relation between this feed -back capacity and the
other tube and circuit parameters for the threshold conditions.

In the past four years, several writers have presented analyses of
this problem. The present writer's justification for adding to this lit-
erature is his belief that these analyses are inadequate.

* Decimal classification: R132. Original manuscript received by the Institute,
August 16 1930.

1 A. W. Hull and N. H. Williams, "Characteristics of shielded grid plio-
trons," Phys. Rev., 27, 432; April, 1926.

421



422 Thompson: Oscillation in Tuned Radio-Frequency Amplifiers

Beatty2 has presented an interesting analysis of the amplification
of a one -stage tuned -grid tuned -plate circuit. The method is largely
graphical, but correct conclusions are drawn. The analysis, however,
is strictly limited to one stage. Hu113 and, more lately, Nelson4 have
analyzed the conditions for stability in terms of the maximum ampli-
fication per stage, ignoring the all-important effect of feed -back on am-
plification. Thomas5 and Beatty2 have shown that the amplification

Fig. 1

may reach infinity at the threshold of instability. Nelson4 extended his
analysis to two stages by a point -by -point method, and from these re-
sults set up a general expression for n stages. Even ignoring the funda-
mental error mentioned above, the latter expression is erroneous. The
present writer in collaboration with another& has presented the condi-
tions for stability of a one -stage amplifier, but the derivation was not
given. co

Fig. 2

FIRST CASE
The Single -Stage Amplifier

The simplest case is that of the single -stage tuned -grid tuned -
plate circuit in which all of the feed -back takes place through the grid -

2 R. T. Beatty, "The stability of the tuned -grid tuned -plate h.f. amplifier,"
Exp. Wireless and Wireless Eng., 5, No. 52, p. 3; January, 1928.

3 A. W. Hull, "Measurements of high -frequency amplification with shielded -
grid pliotrons," Phys. Rev., 27, 439; April, 1926.

J. R. Nelson, "Circuit analysis applied to the screen -grid tube," PROC.
I. R. E., 17, 320; February, 1929.

6 H. A. Thomas, "Retro-action in amplifiers," Exp. Wireless and Wireless
Eng., 5, No. 56, p. 245; May, 1928.

6 A. C. Rockwood and B. J. Thompson, "Application of the four -electrode
receiving tube," a paper delivered before the Radio Club of America, Feb. 8,
1928, published, Radio Eng., 8, July and August, 1928.
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'plate capacitance. For this and other reasons the analysis of this case
will be made first.

Fig. 1 shows such a circuit, which may be represented as shown in
i1 Fig. 2.7 For ease in handling, g1 and g2 are treated as conductances hay-
, ing the values

and

R1 1

gi = 2 T 2
0.) Lit rP

R2
g2 =

W2L2 2

where r,, is the internal resistance of the tube.
If e2 is any voltage of the frequency w/2ir assumed to exist in the

grid circuit, the power Pa consumed in this circuit to maintain the volt-
age is given by

P. = e22g2.

The condition for sustained self -oscillations is that

Pb P.

(3)

(4)

where Pb is the power fed back from the plate circuit to the grid cir-
cuit through the capacity Co.
If

and

then

Now, it is apparent that

el =

= a + jb

i5 = c jd

Pb = ac + bd.

e2g m

1
g + jwCi -j

(ALI

e2g m

gi 1 I j
CoCi -

1

coin

gl

(5)

(6)

(7)

(8)

(9)

e2g m

j11)
(10)

7 For an explanation of the equivalence of these circuits see Appendix A.



where gm is the mutual conductance of the tube and ti is the tangent of
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the phase angle between the current and voltage in the combined plate
circuit. This neglects the loading effects of the input circuit on the -
output, which are truly negligible in screen -grid circuits. Rationalizing
(10) gives

e2g,n(1 -
el =

g1(1 + t12)

and separating the reals and imaginaries

e2gm e2g7nii
= + 3

gi(1 t12) gi(1 ti2)

= a ± jb.

Now

(12)

(5)

i5 = (el - e2)jwCo (13)

which from (12) becomes

io =
e2gmticeCo e2g,c0C0

e2coC (14)
gi(1 t12) t12)

=c jd. (6)

From (7)
e22g,n2wCoti e22gm2coCoti e22g.ticoCo

Pb = (15)
gi2(1 t12)2 gi2(1 t12)2 gi(1 t12)

e22gmticaCo
(16)

gi(1 + t12)

It follows from (3), (4), and (16) that

e22g,tiwC 0

or

e2292
gi(1 t12)

Co
gig2(1 t12)-

gn,tico

The above expression gives the minimum value of Co which will cause
sustained oscillations for any value of ti. It remains only to determine
the value of ti corresponding to the minimum value of Co.

By taking the derivative of Co which respect to t1, (18) becomes

dCo glg2(1 + t12) 2g1g2

dt1 gmcoti2 gmco

(17)

(18)

(19)
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`, Equating (19) to zero,

or

Hence

2g1g2 glg2(1 + t12) (20)
gmco gmwti2

1 + 42
- 2. (21)

tlz

tl = + 1. (22)

Substituting for t1 in (18) shows that for 4 = +I, Co must be negative,
hence

4 = - 1 (23)

is the condition for minimum Co.
From (18) and (23)

2g1g2
Co_

wgm
(24)

which is the minimum value of Co to cause sustained oscillations with
two tuned circuits.

It is of interest to determine the phase angle t2 of the grid circuit.
Since the circuit is self -oscillatory

e2g2(1 + jt2) = io (25)

e2g,nticeC e2g,ncoC

gi(1 + t12) gi(1 + 42)
e2coC0] (26)

By substituting in the values of t1 and Co from (23) and (24), (26) be-
comes

or

1 + jt2 = 1 -j[l2g-
gm

(27)

t2 = - 1 - 2gi
(28)

gm

Hence, the conclusion is reached that the limiting condition for sta-
bility of a single -stage tuned amplifier is that the feed -back capacity
from plate to grid shall be less than 2g1g2/cog and that oscillations will
occur most readily when the output circuit is tuned so that the current
lags the voltage by 45 deg. and the input circuit is tuned so that there
is a very slightly greater lag.
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SECOND CASE

The Two -Stage Amplifier

The analysis for two stages, or three tuned circuits, is less simple
than that of the first case, and, to the writer's knowledge, no strictly
mathematical analysis of it has previously been published.

Fig. 3 shows the extension of Fig. 2 to fit the second case. It will be
understood that the impedances Z1, Z2, and Z3 represent the same type
of circuits as shown in Fig. 2, and that

1

-= gi(1 jti) (29)

1

-Z2 = g2(1 it2)
(30)

1

-Z3 = g3(1 it3)
(31)

co co

O

e3 Z3 z, e, zi el

Fig. 3

By proceeding in a manner similar to that used by Beatty8 for the
single stage and differing only in the method of inducing the voltage
in Z2, it can be shown that'

ei = e3
gig2(1 PO(1 + ill) + co2C 02 + jgmwCo

As Beatty points out, the second two terms in the numerator and the
second term in the denominator are negligible, so that (32) becomes

e3g.2

gm2 co2CO2 j 2 gmcoCo

Now, from (10)

el =
gig2(1 jti)(1 jt2) igmcoC 0

e2gmel..
gi(1 +PO

8 See footnote 2.
9 For this derivation see Appendix B.

(32)

(33)
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Hence, from (10) and (33)
e3gmg1(1 jti)

e2 =
glg2(1 PO(1 jt2) jgmwCo

e3gm

gmwCo
g2(1 + jt2) + jgi(1 jti)

If no feed -back exists, it is obvious that

which may be written

(34)

(35)

e3gm
e2 = (36)

g2(1 + jt2)

e3gm
e2 = (37)

Y2

1 where y2 is the admittance of the second circuit Z2. Hence, the second

1 term in the denominator of (35) may be regarded as an additional admit -

1
tance in parallel with y2 due to the feed -back. It may then be said that

gmcoCo

y2' = g2(1 + jt2) + j (38)
gi(1 jti)

where y2' is the apparent admittance of the second tuned circuit, in-
cluding all feed -back effects from the first circuit. If y2' is substituted
for y2, the first circuit may be neglected as regards effects further ahead
in the amplifier.

From (38) it may be written that

sma)C0(1 - j11)
y2' = g2 + jg2t2 + (39)j

gi(1

gmwCotl

t12)

gmwCo
= g2

=

+ j[g2t2 (40)+
gi(1 ti2)

[2 + gmCt)"1

gi(1 ti2)

gi(1 + ti2)
[1 + (41)

= g2'(1 + jt2') (42)
and

gmcoCoti
= + (43)g2' g2

gi(1 + ti2)

where 12' is the tangent of the phase angle of the apparent admittance
y2', and g2' is the apparent conductance.
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Since it was shown that

2g1g2
Co =

wgm
(24)

for the threshold conditions, this may be rewritten to fit this case as

29392'
Co =

wgm

By substituting for g2' from (43), (44) becomes

co

2g3 [g2 gmweal
91(1 + t12)

wgm

2g3g2g1(1 t12) gmwCoti2gs

6)9.91(1 t12)

2g3g2g1(1 t12)

(441(1 + t12) - 2939.coti

It now remains to determine the value of t1 corresponding to the
minimum value of Co. From (47)

cog. dCo 2t1 (1 + t12)(2914 - 2g3)

2g3g2gi dti gi g1t12 - 2g3t1 (gi g1t12 - 2934)2

2g342 2g3

(44)

(45)

(46)

(47)

(91 + g1t12 - 2g34)2

Equating (49) to zero,
- 2g3t12 2g3 = 0

from which it follows that

and

ti2 = 1

±1.

(48)

(49)

Substituting the two possible values of t1 in (47) shows that Co is mini-
mum when

t1= - 1.
By the substitution of this value of ti (47) becomes

Co -
2g3g291

c09.(91 g3)

(53)

(54)
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co =
2g3g2

cog. (1 +1
gi

which is the minimum value of feed -back capacity which will place a

two -stage amplifier on the threshold of instability. If it be assumed

that gi = g2 = ga = g, then

(55)

The Three -Stage Amplifier
The same method which

cuits will give a solution for
it may be written that

g3' = g3 +
g2'(1 + t212)

where g3' is the apparent conductance of the third circuit and g2' and
t2' are as given before. Hence, from (43)

gmcoCot2'

92Co = -
wgm

THIRD CASE

(56)

was applied to the case of three tuned cir-
the case of four tuned circuits. From (43)

g mcoC ot2

g3' = g3 +

Now
2g4g3'

gmwCoti (1 + t' 2)
gi(1 + 42)

g,coCot21

Co =
cog.

2g4 [g3 +
gmcoC04

(1 + t2'2)][g2 gia + 42)
wgm

From (45) and (53) it is apparent that

t2' = - 1
from which (60) becomes

294[0

co =

gmwCo

gnicoCoti
2[g2 +

91(1+t12)
wgm

(57)

(58)

(59)

(60)

(61)

(62)
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From (40) and (41)

t21 =

or, from (61) and (63),

gmwCo
g2t2

g1(1 ji2)

gmwCotl
g2 +

gi(1 112)

(63)

g ,nwC oli gmwCo
- g2 = g2t2 (64)

g1(1 + /12) 91(1 ± t12)

By collecting the terms this becomes

9291(t2 t2f12 + 1 + ti2) gmwCo(ti + 1) = 0. (65)

Since Co is a function of g3 and g4 and, of course, g2 and gi are not, it
follows that both quantities in (65) must be zero for the sum to be zero
in all cases. Then

+ 1 = 0 (66)

or
11 = - 1 (67)

and
212 + 2 = 0 (68)

Or
/2 = - 1. (69)

By substituting (67) in (62), it becomes

gmwCo

which becomes

or

294 [g3

2 (g2
gmwCo

J
Co

g1
(70)

wgm

2g1g 4g mcoC
wgmCo = 29493 - (71)

2g192 - gmwCo

co2g,2CO2 - 2cog,C0(g1g2 + 9493 + 9194) 4g1g2g3g4 = 0 (72)

from which

wgmCo = [(gig2 94g3 g1g4)2 - 4g1g2939411 /2 + 9192 + 9394 + 90,4(73)



Thompson: Oscillation in Tuned Radio -Frequency Amplifiers 431

Or

Rgig2+ g4g3 + gig4)2 - 4gig2g3g411/2 + glg2 + g3g4 +
Co = cog.

By assuming that (74)

gi = g2 = = g4 = g (75)

, (74) becomes

Or

or

(76)

(77)

5.236g2 (78)
cog.

It is obvious that the first value is the proper root, which is the mini-

! mum value of feed -back capacity which will place a three -stage am -

r plifier on the threshold of instability.

FOURTH CASE

The Four -Stage Amplifier
The case of five tuned circuits may be solved in the same manner

as above. From (43)

gmcoCot3t
94' = g4 +

g3(1 t3'2)

3)g2
Co =

cog,

0.764g2
Co =

CO gni

= g4 +

Now

g ,ncte ot3'

[g3 +
g.coC 012'

g.coCoti
Lg2 ](1 t212)

gi(1 112)

ta' = t2' = tl = - 1

for minimum Co, so that

g4 =g4
gmwCo

gmaeo
[2g3

2gi

(79)

(80)

(1 + t312)

(81)

(82)
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Since

cog ,C 0 = 2g5g4

Co
2g5g4

(83).=
cog.

2g5g,coCo

gmcoCo
(84)

[2g3
g ,c/JC 0

92
2gi

By assuming

it can be shown that

gfi g4 g3 g2 g (85)

2g2
Co (86)=

3wg,

which is the minimum value of feed-back capacity which will place a
four -stage amplifier on the threshold of instability.

In all of the foregoing analyses for more than two tuned circuits, it
is assumed that the amplifier does not go into oscillation in parts; that
is, that the power losses are not supplied in any circuit at a lower feed-
back capacity than that required to do so for the input circuit of the
amplifier. Whether or not this will happen, and the value of feed -back
capacity to cause it, may be determined by solving the amplifier cir-
cuit first as merely a two -circuit case, using the values of gi and g2, then
as a three -circuit case, and then by steps until all circuits have been
added, advancing from the output end. The lowest value of Co ob-
tained is, of course, the value which will place the amplifier on the
threshold of instability. If it be assumed that all circuits are similar
this process is not necessary and the analysis, as presented, is complete.

EXPERIMENTAL VERIFICATION

It was desired to make an experimental verification of the mini-
mum feed -back capacity to cause oscillations as determined in Case I,
since the analysis for all other cases rests on this.

A very carefully shielded and filtered one -stage amplifier was made
up. To go with this, a number of pairs of coils were wound, the coils
of each pair being as similar as possible. These coils could be plugged
into the amplifier as desired.

Using any given tube in the amplifier and any pair of coils, the val-
ues of voltages on the tube to cause oscillation at any frequency were
determined. The frequency of the oscillations was determined with a
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wavemeter. The impedance of the tuned circuits at this frequency was
determined by the dynatron method,'° the same tube being used as the
dynatron as was used as the amplifier in exactly the same circuit, with

the exception of the readjustment of voltages. The mutual conduct-

ance and plate resistance of the tube were then determined at the same

voltages as had been found to cause oscillations. Experimental tubes
similar to the present RCA -232 were used in making this verification.

From the values of gm, r, f, and Z, the value of Co from (24) was
computed for each tube. Then the value of Co was measured on two
different test sets which were considered accurate. The results are pre-
sented in the accompanying table. It will be seen that the agreement

TABLE I

Tube
No.

Coil
No. fX10-' wX10-, ZpX10--, gmX106 rpX10-6

C.X10u
(Computed)

CO(1012
Set No. 1

(Measured)
Set Isro.2

1 10 0.825 5.18 0.1950 600 0.480 0.0237 0.022 0.025

2 10 0.884 5.55 0.1946 650 0.480 0.0207 0.018 0.022

3 10 1.366 8.59 0.1722 450 0.800 0.0211 0.020 0.023

4 10 1.125 7.07 0.1855 640 0.720 0.0191 0.017 0.022

5 10 1.076 6.76 0.1870 410 1.000 0.0244 0.020 0.023

6 10 1.237 7.78 0.1807 440 0.930 0.0214 0.020 0.023

7 24 0.987 6.20 0.2145 450 0.900 0.0193 0.021 0.023

8 10 1.088 6.84 0.1866 440 0.840 0.0232 0.020 0.022

9 10 0.955 6.00 0.1925 600 0.300 0.0245 0.020 0.024

10 10 1.030 8.47 0.1892 510 0.400 0.0249 0.021 0.023

Average 0.0222 0.0199 0.0230

between the computed values and either group of measured values is
as good as, or better than the agreement between the two groups of

measured values. Considering the number of measurements required
to determine Co from the formula, this may be considered a perfectly
satisfactory verification.

OTHER SOURCES OF REGENERATION

In all of the foregoing analysis it has been assumed that all of the
feed -back occurs through the plate to grid capacity of the vacuum tube.
This is not strictly true, of course. However, in a carefully constructed
amplifier, the effects of external feed -back are usually practically neg-
ligible. In any case, the measurement of the amount of external cou-
pling between output and input is so difficult as to render any quantita-
tive treatment of its effects useless. If an amplifier be designed con-
servatively on the basis of the equations given and shielded and filtered
carefully, oscillation will not occur.

10 This method has great advantages for such measurements, both in con-
venience and accuracy: Since this was written a description of the method has
been published. Hajime Iinuma, "A method of measuring the radio -frequency
resistance of an oscillatory circuit," PROC. I. R. E., 18, 537; March, 1930.
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CONCLUSION

The values of feed -back capacity to place a tuned amplifier on the
threshold of instability have been computed for one, two, three, and
four stages. The form of the equation is found to be

Co =
Age

cog,.

when it is assumed that all circuits are similar. The values of A are
shown in Table II.

TABLE II

Number of
Stages

Value of
A

1

2 1

3 0.764
4 0.667
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Fig. 4.

APPENDIX A

It is well known that a tuned circuit as represented in Fig. 4 is
equivalent to the circuit as represented in Fig. 5 where

L
R2 = (87)

CR1

provided that R1 is very small with respect to L. It is, however, felt
that the treatment of the vacuum tube is original.

The customary expression for the output voltage e in terms of the
input voltage e, is as follows:
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yea
ep = (88)

tp + 2

is the load impedance. Now

= gnir p. (89)

3ubstituting in this value of /2 and dividing both numerator and de-
nominator by t2 result in

or

gmege -
1 1

Z tp

g
en -

y gp

Fig. 5

where g is the internal plate conductance.

Since
= g jb

(91) becomes

(90)

(91)

(92)

gme
ep = (93)

(g g)
The physical interpretation of (93) results in the interesting con-

ception that a vacuum tube may be considered a constant -current genera-
tor, generating a current equal to -e,,g and having a resistance equal to
rp shunted across its output terminals. The load is, of course, placed in
parallel with this internal resistance. This conception is particularly
useful in handling parallel load circuits, and in picturing the effects of
variation in internal and load resistances in screen -grid tubes.
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APPENDIX B

The derivation of (32) is here given to render this paper as complete
as possible. The equivalent circuit is shown in Fig. 6. From Kirchoff's.
Laws

Or

el

which may

22

1

(gi

23 4- i4 i5 = 0

e2gm (e1 - e2)jwCo = 0

(94)

(95)juld1

be rewritten

1
e1 [g jc,:( C + Co) - e2(gm - jwCo) = 0 (96)

or
eigi(1 e2(977. - jwCo) = 0 (97)

O

e3

Likewise

Or

Co

ilq

C2
L2

Co
L.5

I

ea

Fig. 6

L1

L

- C,

i6 17 4- is 4- is -F /Is -- is == 0 (98)

1

e2 (6,2 jwC2 ic47L2 e3g , (e2 - e3)jwCo - (el - e2)jwCo = 0 (99)

which may be rewritten

e2

or

g2 jco(C2 + Co)
1

+ ea(gm - jwCo) - edcoCo = 0 (100)j
coi.2

e2g2(1 jt2) e3(gm - jwCo) - eijcs.)C 0 = 0. (101)

From (101)
e3(jceCo - gm) + eijwCo.

e2 = (102)
g2(1 jt2)



Thompson: Oscillation in Tuned Radio -Frequency Amplifiers 437

ad substituting this value of e2 in (97) results in

e3(jwCo- gm) eijwCo
eigi(1 jti) (gm - jcoC 0) - 0 (103)

g2(1 j12)

1,xpanding this gives

e3(co2CO2- gm2+j2gmoiCo) ei(w2C 02 + jgmcoCo)
ig,(1-Fitt) = 0 (104)

g2(1 jt2)

and separating the terms

thence

co2C 02 + jg ,coC 01
el [gi(1

g2(1 jt2) J
- -

= 0- e3
g2(1 j12)

(105)

2

-
2Cro 2

j2gmwCoel = e3 (106)
glg2(1 jti)(1 jt2) +co2CO2 jgmcoCo

+-Egi>-111-0111111.--4.
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Summary-Certain factors involved in designing signal generators free from
stray voltage errors are considered. The importance of accounting for all circuit de-
tails, particularly of wiring elements, is stressed. The impedances of certain connec-
tions, particularly of the output connections from generator to measured receiver, are
shown to be important. Shielding is considered in some detail.

INTRODUCTION

THE following discussion of radio -frequency signal generators is
offered as a result of an attempt to build up a consistent picture
of the important factors involved in designing such apparatus.

While satisfactory treatment has been given to most phases of the sub-
ject, information seems generally lacking on the mechanical and elec-
trical details of circuit design which determine the degree of accuracy
with which apparatus of this sort translates a circuit diagram into
operation. The conclusions to be outlined seem sufficiently comprehen-
sive for our present accuracy requirements, and are capable of exten-
sion to the less important effects which will require attention when
apparatus of greater precision can be used. It is realized that other
general methods of treatment are effective and that there is room for
considerable difference of opinion as to the relative importance of the
effects involved, with the hope that further discussion will be forth-
coming. The material naturally divides itself into two parts:

(a) The general layout of receiver and signal generator to allow use
of an accurately known r -f voltage assumed available at an attenuator,
i.e., the stray voltage problem;

(b) The design of generation, measurement, and attenuation cir-
cuits to supply such voltages.

The present discussion concerns part (a) only.
In sensitivity measurement work, we are faced usually with the

problem of eliminating several extraneous signal sources of approxi-
mately the same frequency as the desired signal, and arising either by
devious paths from the same source as the latter, or from external
sources. With even the worst shielded of present day receivers, it is
highly unlikely that interference of objectionable magnitude can enter

* Decimal classification: R355.9. Original manuscript received by the Insti-
tute, November 13, 1931.
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by any path except the normal input terminals, or rather that such
post -input pick-up can present a problem comparable to stray voltage
sources in the antenna -ground circuit. Practically, it is necessary to
consider only those sources of extraneous e.m.f. which produce at the
input terminals voltages comparable in magnitude to the known e.m.f.
from the standard source.

I. THE ANTENNA -GROUND CIRCUIT

The most important sources of extraneous voltages in the antenna -
ground circuit are indicated in Fig. 1, where the attenuator output volt-
age ea is shown, together with the voltages ec, e1, and eb, representing
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stray e.m.f.'s arising from the oscillator or other high level apparatus
associated with the attenuator, and the voltage generalizing mag-
netic pick-up in the antenna circuit. Although the voltages ea, ea, et,
and el, arise from the same oscillator, they are practically independent
of each other and may be thought of as entirely separate e.m.f.'s. The
attenuator output is shown localized between the points A and G, and
the other voltages are referred, for convenience, to the point G. The sig-
nificance of the various voltages is given as follows:
e. --A known r -f voltage produced by an attenuator, and localized be-

tween points A and G, on the generator.
E1-Stray voltage produced between the a -c line cord of the receiver, if

a -c operated, and point G, either because of direct connection or
inductive action between generator and the a -c supply lines, or be-
cause of voltages from other sources on the a -c line.

e1-Resulting voltage in the antenna -ground circuit.
er--General e.m.f. representing magnetic pick-up in the antenna -

ground lead loop, from stray fields of the generator or of other
sources.
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Ec-A general e.m.f. representing a number of stray voltages arising be-
tween point G and the generator case, (assuming some sort of
metal cover), its external connections and apparatus, and affecting
the receiver on account of the impedance Zc between receiver chas-

sis, batteries, speakers, etc., and the apparatus mentioned.
cc-Resulting voltage in the antenna-ground circuit.
eb-The drop produced by the current ib, which is a generalization of

filter by-pass currents which may be returned through some part
of the impedance ZG of the ground lead.

The e.m.f.'s e1 and ec, it is evident, arise on account of the imped-
ance of the ground lead to the receiver. The e.m.f. developed in the an-
tenna ground circuit is determined by the voltages E1, E, and the rela-
tive impedances of Z,, Z1 and the ground lead. The values of Zc can be
made low by body conductance and capacity effects of the operator.
However, the most troublesome stray voltages are those represented by
ez, for a -c receivers, because of the relatively high capacity between
power transformer primary and chassis.

Since the impedances Z1 and Z, are comparatively high, the ex-
traneous voltage developed is practically proportional to the imped-
ance ZG, defined, for this discussion, as the inverse ratio of the current
along the ground lead, to the resulting voltage between A' and G'.

ZG = RG iCO(LG M).

Measures should be taken to reduce the lead impedance, which is
mainly inductive, either as a primary remedy for pick-up of the types
under discussion or as a precautionary measure when the voltages E,
and Ec have been reduced as far as possible. Successful methods of re-
ducing the equivalent impedance require placing the antenna and
ground leads in close proximity, to make use of the mutual inductance
between leads to counteract the self -inductive drop along the ground
lead. Possibilities for reducing inductance with paired leads are rather
limited, but a concentric construction using the outer tube as the
ground lead offers considerable advantages. For ideal cases of exact
concentricity, uniform current distribution and so forth the equivalent
inductance, (La - M) , of ZG is zero, since all flux produced by current in
the tube links with the core conductor. A practical antenna -ground
lead construction, found quite useful, consists of braided copper sleev-
ing, for the ground lead, enclosing a small No. 20 wire for the antenna.

Although the equivalent inductance of ZG, for various reasons, is
not zero, it is of the order of three per cent of that resulting from inter-
changing tube and core, or of that obtained with paired conductors nor-
mally insulated. For example, the measured reactance of ZG, per inch,
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for paired No. 20 wires, (wire diameter 0.032 in., spacing 0.078 in.) at
1000 kc is approximately 0.050 ohm. A measurement on the construc-
tion using a Beldenbraid tube over No. 20 insulated were, (0.078 in.
over insulation) yielded ZG per inch = 0.0013 ohm. An added advan-
tage of close coupled leads is the reduction of induced voltages ei from
stray magnetic fields around the leads, or in the possibility of trouble
from this source if such fields are thought to be eliminated. In cases
where the added capacity of such concentric leads becomes too large,
the dummy antenna should be located at the receiver end of the leads,
where, from other considerations, it probably belongs. The lead capac-
ity then appears only across the attenuator output impedance.
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It will be noticed in the following that voltages of the ei sort drop
out of the picture, and attention is concentrated most on el, eb, and ec.
This results naturally from experience with carefully arranged input
leads. Under this condition, even in working with the most sensitive
receivers at broadcast frequencies, there appears little necessity for
shielded measurement booths and similar precautions, (except in the
case of loop receivers). The problem usually resolves into relations be-
tween the signal generator components, affecting the magnitude of
voltages of the types El, Ec, and Eb. Reactance drops along connec-
tions within the signal generator, along circuit elements usually neg-
lected in forming circuit diagrams, are again of great importance. This
is true for strays both from the generator itself and from outside sources.

II. GENERATOR LAYOUT

The production of accurately known small voltages at e., accom-
panied by as little as possible of the undesired effects represented by eb,
e., el, ei, depends closely on the mechanical arrangement of the units
which make up a signal generator design. A diagram, such as Fig. 2,
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showing the essential general features of a generator layout, will be
helpful in analyzing design requirements.

A simple outfit which will operate to produce r -f voltages for receiv-

er measurement may take the general form of Fig. 2, and will comprise

a radio -frequency oscillator of some sort, with perhaps an amplifier

succeeding it, and supplying current through a measuring instru-
ment to the input of an attenuator. The latter, shown as a resistance
network, would be expected to produce, for a given input, voltages cal-
culable from d -c resistance perhaps, or certainly from measured r -f
values of the network constants. The oscillator naturally would be
shielded and the necessary external leads by-passed to the oscillator
shield, which connects to the low side of the output circuit. For the
moment we may assume the shielding and internal filtering perfect.
For mechanical and electrical reasons, the oscillator apparatus would
necessarily be spaced some small distance from the point G. Twelve
inches is a reasonable lower limit on the effective length of leads be-
tween oscillator and attenuator. The lead impedance, even at the
lowest value attainable with the concentric construction, will be so
large that the drop along the ground lead to the oscillator will produce
trouble of the ec and el types mentioned before.

Construction

Examples

L. Per Inch
One Lead

Inductive Drop
(I =10 ma
at 1500 kc)
Microvolts

Paired No. 20 wires
12 in. long, Did = 2.44 8: X 10-31213. 9000

Paired wires
12 in. long, Did =1 3.6 X 10-3 i.th 4000

Braid oi'er No. 20 wire
12 in. long, a2/a1 = 2.44 2.1 X 10-4 µh 230

The lowest values of lead drop attainable may be of the order of a
millivolt. To eliminate the effects of this voltage, the first step results
in a capacity shield, grounded to G and surrounding but insulated from
the oscillator, its purpose being primarily to reduce the effective capac-
ity between receiver chassis and oscillator, or, to reduce E. to zero. A
necessary second step is the addition of another section or two of low-
pass filter in each of the leads emerging from the oscillator, the filter
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shunt elements being returned to G. Assuming these filters effective,
the external apparatus of the generator is disposed so that effects of the
ec and ei type are eliminated.

The System Reference Point

Generalizing, we can say that the object of signal generation design
should be to make the point G, at the low end of the attenuator output,
and originally, in Fig. 1, chosen merely as one of several logical reference
points, a ground point for the entire system to which the attenuator out -

11 put voltage is referred, and to which, as far as possible, the potentials of
b the external generator apparatus are brought.

There are definite reasons for designing the apparatus this way. If
similar apparatus were designed for work at much lower frequencies,
the ordinary reasoning would assume the oscillator case at the same
potential as G, and because of the lower values of ground connection
impedances, the assumption would be correct; but at the broadcast
frequencies, conductor impedances ordinarily neglected become finite,
and considerable, when work at two highly different power levels is at-
tempted. From the standpoint of either input or output circuit alone
the impedance between various points on a single massive conductor,
or of short leads, say two inches long, between a set of terminals is usu-
ally negligible. But when such impedances are common to circuits in
which the normal power levels differ by 80 db an entirely different situa-
tion prevails at radio frequencies. Some good is done by reducing
point-to-point impedances in the ground circuits, but the ultimate solu-
tion lies in so disposing the circuits that impedances which remain are
not mutual to circuits operating at widely different power levels.

It is now proposed to offer reasons why the object of shielding and
lead filtering should be to bring to exactly the potential of G, to be
called ground potential henceforward, all external parts of the gener-
ator and all connections to other apparatus. Really all that is neces-
sary is an analysis of a circuit diagram showing representative self and
mutual impedances in their approximate true magnitude. Failing in
this, recourse may be had to equivalent generalizations.

The attcnuator output voltage will be produced between definite
points or terminals on the attenuator. To accomplish the purpose of
the measurement set-up, the antenna and ground terminals of the re-
ceiver must have corresponding potentials. Since the self -impedance of
the receiver input leads can be made negligible in comparison with the
receiver input impedance, the potentials of A and A', G and G' will differ
appreciably only when currents larger than the normal input current
to the receiver are allowed to flow through all or part of the lead imped-



444 Bird: Design of Signal Generators

ances. Some ways in which such currents arise have been outlined
above, and the remedy indicated in methods which bring generator
case and external leads nearly to the potential of G. These methods, as
far as the leads are concerned, will involve the use of low-pass choke
and condenser filters. In grounding the shunt sections of these filters,
care must be taken that the shunted currents do not flow through any
small impedance common to the antenna ground circuit. This means
that the filter returns must be brought to some point to the left of G in
Fig. 2. On the other hand, the impedance drop in the low side atten-
uator connections and input lead, which carry relatively large cur-
rents, tends to defeat the purpose of the filtering, if the filter shunts are
returned to points too far from G on that side.
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The limits of the process would have all filter returns made exactly
to G, the dimensions of this terminal being so small that it might be con-
sidered an equipotential surface. In designing generators to work with
broadcast receivers of the highest present day sensitivities a practical
limit is easily reached when the final by-pass condensers in the filter lad-
ders connect either to a high conductivity external case which in turn
is solidly grounded by very short leads (less than two inches) to the re-
sistance terminal which is G, or have individual short leads to G. In
the former instance, the filter currents produce along the case and in
the short lead to G, a drop which may be of the order of ten microvolts,
a value certainly not objectionable for E, of Fig. 1. The second arrange-
ment tends toward the ideal case of exact single point grounding, and
is inherently better, so that the way is clear if more stringent require-
ments demand that the case be more nearly at ground potential and
more free from stray filter currents. In practically every arrangement,
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the ground lead to the receiver must be brought out independently,
from G, and insulated from the generator case.

The arrangement of Fig. 2 has been chosen to illustrate the prin-
cipal source of interference voltages from the generator, i.e., the drop
along the return lead between oscillator and attenuator. Obviously a
transformer may be used to advantage in coupling the attenuator in-
put to the oscillator, since then independent ground connections, free
of large currents, can be made between G and the oscillator ground. Fig.
3 illustrates this. Currents in the connection between G and 0 will be
of secondary magnitude, arising as shown from the by-passed filter
currents, and from the stray capacity Co, so that considerable latitude is
allowed in disposing by-pass shunt connections. The metal external
shield may be used as outlined above for this connection. The capac-
ity Co can be particularly troublesome. Although it is very small, the
voltages acting run high into the volt order, and the resulting compo-
nent of io may flow through impedances common to the antenna circuit.
A static shield around the coupling coil, connected to 0, is effective in
reducing Co, and can be simply arranged. The errors produced of
course depend on the arrangement of the conductors shown connecting
to G. However, transformer coupling at this point, with the third con-
ductor between ground points, is inherently far superior to direct con-
nection.

Shielding Arrangements

Having provided an external shield around attenuator and shielded
oscillator, it might be argued that the oscillator shield can well be dis-
pensed with. Such an arrangement can be made to work satisfactorily
at low oscillator power levels, by careful design of the oscillator appara-
tus. In particular the oscillator apparatus must all be insulated from
the external shield so that the latter carries only shielding currents.
But the original purpose of the oscillator shield was to prevent the in-
duction by stray fields of voltages in the attenuator circuits and in
those sections of the a -c line leads, etc., beyond the filter shunts. To ac-
complish this;the most logical way is to confine the powerful static and
magnetic fields from the oscillator to a particular locality inside the
generator, and to restrict the size of this region by including in it only
essential r -f components. Even for the purpose of the oscillator shield a
single metal box cannot be entirely satisfactory. To realize the con-
dition of perfect oscillator shielding assumed above, i.e., all electric and
magnetic fields confined to the shield interior, it is essential that some
form of multiple shielding be employed. In an assembly of tube, coils,
and condensers inside a metal box, capacities of the order of ten to fifty
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p,Af may be expected between the shield and parts at high r -f potentials
This capacity, particularly at the high frequencies, will cause consid-
erable currents to return through the shield, which, naturally, produces
external fields. The double shield in some form is the means adopted to
confine stray fields within the outer.

Fig. 4 represents several possible shielding arrangements, proceed-
ing from the worst toward an ideal design. The general unworkability
of (a) leads to (b), and certain difficulties with the latter, mentioned
above, are cured in (d). Arrangement (c) might be considered in place
of (d), from the cost standpoint. Finally (e) represents an arrange -
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ment whereby stray fields can be practically eliminated outside the
oscillator and attenuator shields, and of course beyond the general
shield.

The last three arrangements have in common the external metallic
case connected to G. For a high standard of performance, with high
safety factors, the multiple shielded designs will certainly have greater
possibilities, and where careful internal shielding is applied only to
those parts essentially at high power levels, costs, for a given perfor-
mance, can usually be made less than with brute force over-all shielding.

III. METHODS OF ELIMINATING STRAY VOLTAGES

It may be said that the great majority of errors in radio -frequency
attenuator work result from stray inductance effects, self and mutual,
rather than from capacity or resistance effects. The reason lies inher-
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ently in the choice of low impedance levels for the attenuator circuits, or

in other words, the use of relatively high currents and low impedances

to produce the required maximum output voltages. Two factors com-

bine to prevent a shift to higher impedance attenuator circuits, where

a better balance between inductive and capacitative errors could be

attained. These are:
(1) Limitations opposed to the use of lower range thermocouples;

(2) The output impedance of the attenuator network must not ex-

ceed limits depending on the antenna circuit of the receiver

under test.
The more difficult problem of eliminating stray inductance errors by

shielding and by mechanical arrangenent of conductors must be under-

taken. The following remarks emphasize the effectiveness of proper ar-

rangement of circuit elements, as against elaborate shielding precau-

tions.

Stray Magnetic Fields
Consideration is here given to eliminating mutual inductances be-

tween high and low level circuits, as regards both the direct produc-

tion of the strays ei in the output circuit, and also contribution to E1,

E etc., from this cause. Mention of high and low level circuits is made

to emphasize the fact that certain circuits, because either of the high

currents carried, or of their extremely low normal voltages, warrant

special consideration. Concentration of effort on such circuits pro-

duces results economically. This involves:
(a) Reducing the self and mutual inductances of these circuits

when they are not necessarily inductive, the method being non -

inductive wiring arrangement.
(b) Effective shielding or astatic construction for inductive el-

ements, with general shielding covers to care for remaining
stray fields.

The consistent application of (a) above, to the smallest details of the

wiring, is vital to good attenuator design. Elsewhere, it is a factor re-
quiring concentric lead construction for the receiver antenna circuit,
and the attenuator input circuit. Some care must be given to battery,

a -c line, and other circuits emerging from the generator, so that line fil-

ters may not be rendered useless.
Oscillator and amplifier tuning coils and chokes are inductors re-

quiring special attention. Probably the best solution is one of the a -
static winding methods, the D coil, toroid, or figure -eight for instance,
which, have inherently very little field at reasonable distances from the
coil, particularly in certain directions. Where shielding is used, high
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conductance enclosing loops, effective because of the induced currents,
are standard at the broadcast frequencies. Using proportions adopted
from the work of receiver designers, shields may be expected to reduce
stray fields from the coil to the same order of magnitude as those from
circuit wiring, or perhaps to two per cent of the fields from the un-
shielded coil. With coil fields thus reduced, a shield for the entire oscil-
lator may be made using much less weight of metal than would be re-
quired otherwise.

The effectiveness of metallic shielding from the magnetic stand-
point depends on the conductance offered to the induced currents. The
fields behave like liquids in finding ways through small openings, so that
it is useless to employ heavy metallic shielding without adequate pro-
vision for sealing the joints along which the shield must be opened, and
for eliminating other gaps. It will usually be found that stray fields are
produced outside the shielding only when two openings are provided,
(or two parts of a large opening) between which the internal m.m.f.
causes the flux to pass. In some cases where a single heavy shield, well
joined, would be considered adequate, it might be found simpler to con-
struct double shields of light material with less care in making joints,
so staggering the openings that fields beyond the outer are eliminated.
Considered from the standpoint of eliminating fields beyond the main
generator shield, the above is another point in favor of an internal shield
around the oscillator apparatus.

Stray Electrostatic Fields

The definition of point G as the ground point for the system sim-
plifies the consideration of capacity errors in at tenuator operation. One
form of such trouble has been illustrated in the stray capacity between
coupling coil and plate circuit, Fig. 3. The remedy has been indicated ;
a metallic screen placed between the parts involved and connected to
G. The method is general and its application much simpler than that of
magnetic shielding for two reasons:

(a) The reactances of the stray capacities, even in attenuators
where circuits at widely different power levels are placed close
together, are so high in comparison to impedances to ground
that serious trouble is unlikely. This, of course, results from
using low impedance attenuators.

(b) Capacities which exist may be effectively eliminated by insert-
ing metallic shields or screens, not necessarily of high conduc-
tance or close joining.

In general, an outfit sufficiently shielded to eliminat6 magnetic cou-
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pling errors can very easily be made satisfactory from the electrostatic

I standpoint by connecting the shields to the proper ground points.

Conductive Coupling; Wiring Impedances

Sufficient has been said to indicate that in attenuator work, atten-

tion must be devoted to the exact details of circuit wiring, remember -

r ing that many conductor impedances ordinarily neglected in drawing

!' circuit diagrams must be considered if a true picture of the signal gen-

' erator is desired.
A point having considerable to do with the effectiveness of oscil-

lator shielding is the use of the shield as a return path for various cur -
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rents in the tuned circuits. A common practice is to mount a variable

condenser on a metallic panel which is used to connect the condenser

rotor to the circuit. Large currents may flow through the shield as a

result, defeating its purpose as a shield. The effects of the capacity to

the shielding, where the stray capacities become large, may also be

classed as results of using the external shield for other than its shielding

purpose. In many cases it will be found convenient to adopt an inter-

nal ground for the oscillator apparatus. To this terminal the oscillatory

circuit can be grounded, and the output return connected. A lead to

the shield will then carry only stray shielding currents so that shield and

oscillator ground point are practically at equal potentials. To this ter-

minal also by-pass shunts for the filtered outgoing leads can be returned.

Perhaps the most likely region for stray coupling troubles of the

conductive sort to enter is the low side of the attenuator circuit and the
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associated antenna and ground leads within the attenuator. The solu-
tion here is the rigid application of the single ground point principle.
Difficulties arise when mechanical considerations must be reconciled
with the exact circuit requirements, and the best resulting design is the
best compromise between these factors. In Fig. 5 are sketches of a po-
tentiometer used in a continuously variable attenuator. In (a) the ar-
rangement is shown schematically, while (b) and (c) are views of the
resulting design. The current (1) flowing along the resistance wire (R)
provides the desired resistance drop. The reactive drop along (R) is
neutralized to a great extent by the reverse current in the small copper
wire (W) placed as close as possible to (R) on the circumference of the
disk (d), and kept also very close to the double lug (L) which termi-
nates (R) on the ground end. The contact (t) is of a rolling type, to min-
imize wear on the wire (R), of No. 32 B and S gauge Advance. The
point (G) is at the terminus of (R) on the lug (L), although negligible
potential difference would exist across the width of the lug. The output
terminals, for convenience in use, have been made binding posts (P),
placed close together and to the lug (L) so that the nonconcentric por-
tion of the output leads may be short. Point G is connected to the
shielding by the stud (S), which is on the opposite side of (G) from the
output connection, so that not even a part of the lug (L) is common to
the output circuit and the stray currents in (S). The known current (i)
enters and leaves by the concentric leads connecting to one end of (L)
and to the lug (m) terminating the wire (w). It will be recognized
that this arrangement is not by any means exactly represented by the
schematic Fig. 5 (a) because of the considerable size of the terminals
used. However, the design proved satisfactory. Because, in part, of
the difficulty of designing continuously variable elements which com-
bine mechanical permanence and suitability for r -f operation, the fixed
step attenuator with variable input current is more widely used.

The subject of lead impedances and of circuit arrangements to
eliminate their effects is important in securing effective line filters.
Radio -frequency filters will be required on many leads emerging from
a signal generator, and are usually necessary in the a -c lines to receivers
under test to eliminate broadcast and noise pick-up. The filter will
probably take the form of a brute force low-pass choke and condenser
ladder, with perhaps some attempt at a proper termination.

On circuits where shunting action to audio frequencies is not a fac-
tor, the most economical filter will use by-pass condensers of 0.1 to
0.5 ,uf in the shunt sections. The theoretical attenuation per stage of
such a filter with large choke impedance is given quite closely by
a =w2LC. For example: A section with L =1 mh and C= 0.5µf, at 1500
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kc, figures to give a voltage attenuation of 45,000 per stage. Consider-

able care must be taken in arranging the wiring to secure anything like

11 the calculated attenuation. In the first place, the shunt sections must

be returned to some point whose potential with respect to the system

ground is small compared to the calculated filter output voltage. This

postulates arrangement of the circuit with the single ground point

idea in mind. Exact results are not desired in practice, and only quali-

tative information can be given here. Inductance in the condenser it-

self may be so large as to be the controlling factor in its impedance.

The leads of the shunt condenser, unless very short, will have inductive

reactances larger than the condenser reactance. Mutual impedance,

introduced between adjacent shunt sections either by running parallel

1 leads or by using a common ground lead, easily defeats the filter action.

Much depends on arranging the parts so that short shunt leads are

possible, since even if single point grounding is adopted, mutual induc-

tance between leads of any length, running to the same terminal will

become objectionable. By taking precautions as mentioned, closer

11

approximations to calculated attenuations in such filter networks can

be attained.
CONCLUSION

In conclusion it should be said that the primary purpose of this

paper is to emphasize the necessity for considering all the circuit details

involved in work with r-f attenuators. Taking everything into account,

and assigning relative importances based on experiment, a sufficiently

exact picture of any signal generator situation can be built up.
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AT HIGH FREQUENCIES*
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J. W. LABUS
(General Electric Company, Schenectady, N. Y.)

Summary-It is well known that the resistance of a conductor increases with
frequency. At very high frequencies the usual method of measurement fail, especially
if the unknown resistance is more than about one hundred ohms.

In the following it is shown that the absolute value of the unknown impedance,
when put across the end of a transmission line, is a simple function of the ratio of
the currents, measured at the beginning and the end of a transmission line.

This method has been tested out at a wavelength of 21.8 meters, measuring the
resistance of a number of grid leaks and of a decade box. The a -c resistance was
considerably higher than the labeled d -c value. At the same time, the shunted ca-
pacity across the resistors has been measured and values have been obtained, which
agree with expectations.

In general, this method lends itself to measurement of impedances of any kind;
but it only gives the absolute value of the unknown impedance. However, by means
of a known capacity or resistance, connected in series or in parallel with the im-
pedance to be determined, the phase of the latter and, therefore, its real and imaginary
components are found.

At frequencies corresponding to wavelengths longer than 100 meters the line
becomes rather long. In this case another method, as described in the second part of
this paper, can be applied. The procedure of the measurement is quite similar to
that of the first method; however, the line is replaced by a lumped circuit, consisting
of a coil and two condensers.

While the second method works very accurately at frequencies at which the in-
ductance and capacity of the leads can be neglected, the method, using the trans-
mission line is preferable at wavelengths less than about 150 meters.

PART I

r -111E ordinary methods for measuring a -c resistances or impedanCes
fail, if the frequency becomes very high. If for instance the sub-
stitution method is used, the standard resistance (constantan

wire in vacuum) must have a very small inductance and capacity. This
however, determines the upper limits for which these resistors can be
built. Such resistors cannot exceed much more than about 100 ohms.

In this paper a method is described which enables us to measure
resistances and impedances at short-wave frequencies, irrespective of the
magnitude of the unknown impedance. In the following, we shall also
use the term impedance for resistors, because, at these frequencies the
inductance or capacity of the latter must usually be taken into account.

* Decimal classification: R241. Original manuscript ,received by theInstitute, November 25, 1930.
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It will be shown that if we connect the unknown impedance across
) one end of a transmission line (Fig. 1) which is energized at the other

end, and measure the currents at both ends of the line, the absolute
value of the impedance is given by

Z. I = z(I1/I2) (1)

and I2 being the r.m.s. values of the currents and Z the surge im-
pedance of the line which, at these frequencies can be assumed to be a
pure ohmic resistance.

In order to prove the relation in (1), we start from the differential
) equation of a transmission line, at the one end of which a sinusoidal

voltage is impressed, while the other end is loaded.

I I I2

n Zx

(ax)

-15Z;(1

x.1.4 x
Fig. 1-Schematic diagram of impedance measurement apparatus

for frequencies above 3000 kc.

a2E
= n2E

49x2

821
= n2I

axe

E and I represent time vectors, whose amplitudes and phases depend
on the distance x, the latter being measured from the ammeter A1.

The general solution is given by
E = Aenx Benx

I 1/ Z(Aenx - Be-nx).

The constants A and B are determined by the boundary conditions
mentioned above:

(2)

Atx=0:I=71
At x = 1: E = I2Z z.

Substituting these conditions in (2) we get for the current at any point
x of the line:

Z cosh n(1 - x) '-F Z z sinh n(1 - x)I = (3)Z cosh nl Zx sink nl

n is the so-called propagation constant, defined by
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n = (R + jcoL)(G + jc4C) = a + j0

wherein L, C, R, and G are the characteristics of the line per unit length.

The real part (a) represents the attenuation constant (determines the

amplitude at x) while is the wavelength constant (gives the time

phase of the current or voltage vector). On account of the high fre-

quency, the surge impedance Z = + j L)/ (G + j C) can be written

approximately Z = \/(L/C), because R and G become negligibly small

beside wL and coC.
For x=1 equation (3) becomes

11/12 = cosh nl + Z z / Z sinh nl.

Usually, the attenuation constant (a) is very small. In the case of the

line, used in the experiment, the numerical value of a was 0.0003 for

1 meter. Therefore, a can be neglected in the expression for n. Hence

we get from the last equation:

11/12 = cos 01 + jZ ziZ sin /31. (4)

Now let us choose the length 1 of the line such, that

= coVL C/ = (2k + 1) 7r/2

or since c = \/(1/LC) is the velocity of propagation along an unattenu-
ated line:

27r 27r
01 = -1

X
= -1 = (2k + 1)-2 

cT

Hence the length of the line
X

1 = (2k + 1)-
4

equals an odd number of quarter wavelengths. Therefore sin 131 = 1,

cos 01=0 and we get
/1 zz
y2 = 3Z

./1 and /2 are vectors which have a certain phase displacement, depend-
ing on the nature of the unknown impedance Zz. The readings we take
at the ammeters give the r.m.s. values and therefore we have to equate
the amplitudes of the expressions on both sides of the above equation.
Thus we finally get

Z. = (5)

In this way the absolute value of the unknown impedance is obtained.
If it is not a pure ohmic resistance, we can find its Phase by shunting
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Z. with a known capacity or connecting the latter in series with Z. and
repeating the measurement.

Let for instance Z. be a grid leak resistor having a certain natural
capacity Cz in parallel with R.:
Then:

I z. I -
+ (coC.R.)2

R.

R. being the a -c resistance.
Calling al the current ratio /1//2, measured when the grid leak alone
is connected across the end of the line and as when it is shunted by a
known capacity Co, we get for the a -c resistance R. and the natural
capacity Cz

2qZ
R. - (6)

,/2g2( 1/a12 1/a22) - q4 - (1/a12 - 1/(122)2

1/a22 - 1/a12 - q2
Cz =

2qZ

wherein q denotes: coZCo.
Likewise, the phase of the unknown impedance can be determined

by inserting a known capacity Co in series with Z. Then we have to
substitute for Z. in (5)

Z. + jwCol = I u jv 11 jue 01 = 042 + (v - 1/(4'02 (7)
and measuring the current ratio, when Co = co and Co = the selected
value, we can readily calculate the real and imaginary parts of Z.

Obviously the resistance of the ammeter at the beginning of the line
(x = 0) does not affect the result. However, the resistance (r2) of the
ammeter at the other end of the line (x =1) adds to Z. and therefore
(5) had to be written more correctly:

Z. + r2 I = Z(/1//2)z.m....
Measurement

In order to check the method described heretofore, an experiment
has been carried on, using a transmission line of copper wire No. 12, B
and S 152 mm and about 21 meters long. The height above ground
was about 2 meters. The surge impedance Z of a transmission line con-
sisting of two parallel cylinders (diameter d) which are spaced by a
distance s, is given by:

s
Z = 277 logio [- (1 + V1 -

d J
In the case referred to, the surge impedance was found to be 600 ohms.
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At the first and last pole of the line, shelves were mounted (Fig. 3)

to hold the apparatus, located at the beginning and the end of the line,

and therefore the connections between the line and the connected cir-
cuits could be made very short. The oscillator and the ammeters were
on the ground. The maximum range of the thermocouples was 50

milliamperes.
First, the frequency had to be determined, for which the line was

3/4X (an odd number of quarter wavelengths). For this purpose the

CURRfNf

Fig. 2-Distribution of current along an open transmission line.

line was left often at its far end and short-circuited across the am-
meter at the beginning, at which point a coil, fed by the oscillator,
was coupled very loosely to the line (Fig. 2). However, when the line
was loaded later by the unknown impedance, it became evident that
the energy transferred by this coupling was too small to be measured.
Therefore, a coupling coil (L1 in Fig. 3) was inserted into the line
in series with a condenser C1 by means of which the inductance this
coil could be tuned out. In this way it became possible to induce a suf-

C2

Fig. 3-Complete diagram of impedance measurement apparatus.

ficiently high voltage into the transmission line without changing its
electric length. However, the coupling must be loose enough so as to
prevent a noticeable reaction of the line on the oscillator circuit. The
condenser C2 across the primary side served to boost up the input
energy, because it raised the impedance of the plate circuit of the oscil-
lator to its optimum value. With this arrangement an extremely sharp
tuning could be obtained. The wavelength for which the open line
was 3/4-X long, corresponding to a loop of current at the beginning of
the line, was determined by changing first the oscillator frequency,
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until Il read a maximum; then Cl was adjusted, until Il reached another
maximum. It was found that X = 21.8 meters.

The following table shows the result of the experiment. The meas-
ured resistances were grid leaks about 1% in. long, with soldered termi-
nals. It may be noticed that for the low resistances (below 1000 ohms)
the value, determined from (1) (capacity disregarded) does not differ
very much from the value, obtained from (6). At high resistances, how-
ever, these values no longer coincide, because the reactance of the
capacity across the resistor becomes small compared with Rx. In this
case Rx must be calculated from (6). Finally the resistance of a decade
box has been measured in the same way. Obviously, the value wCz
stands for the total reactance (wCz - 1/coLz) of the resistor, partly com-
pensating the reactance of the capacity C.

TABLE I

Unknown
resistance
(Labeled

value
in ohms)

is

milliamperes

is Ii112 zuvo Average Capacityc in nnf
Rx ex

Calculated from (6)

500 carbon 43.5
36.3
31.4

38.5
32.5
28.0

1.13
1.12
1.122

678
672
674

675
0
0
0

500 carbon
31.25
38.5
21.5
15.3

27.0
33.7
32.4
22.2

1.158
1.140
0.665
0.688

695
685

690 0

211
21J

696 2.2

1000 carbon

37.1
43.2
40.6

24.7
18.0

21.0
23.6
22.5

34.7
25.1

1.766
1.83
1.80

0.712
0.718

1060
1096
1080

1080
0
0
0

211
21J 1168 4.04

1800 carbon
36.5
44.4
18.6
25.2

13.5
16.25
25.6
35.8

2.70
2.73
0.726
0.704

1620
1638 1629

0
0

211
21

2660 5.55

600 decade
box

24.4
33.5
19.4
17.5
11.2
13.0

21.2
29.6
34.6
31.6
31.5
35.8

1.15
1.13
0.56
0.554
0.356
0.364

690
680 685

21
41
41

918

900

11.3

11.0

PART II

At frequencies, corresponding to 100 meters and above, the trans-
mission line will become rather long. Therefore, in the following, an-
other method which enables us to measure impedances by means of a
lumped circuit is described. It can be shown that if the transmission
line is replaced by an artificial line, a similar relation holds as given
in (5) of Part I of this paper.

The circuit used in the present paper (see Fig. 4) is nothing else than
one element of an artificial line. The unknown impedance is connected
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across the terminals bd. At ac the circuit is coupled to an oscillator and
the currents ./1 and /2 (r.m.s. values) are measured by means of thermo-
couple meters, the resistances of the meters being r1 and r2. If the cir-
cuit is tuned such that

w2L(C + Co) = 1,

(w = 271, f = frequency of oscillator, Co = capacity of coil L) then the
relation holds:

Zx =1
wC

(/1//2)r.m.s. (8)

This relation can be readily proved. Referring to Fig. 4, we assume
that the resistance r of the coil L is negligibly small beside its react-
ance wL and the leakage resistance p of the condensers C is very large
as compared with their reactance 1/wC. A very good accuracy can be
attained, if the ratios r/wL. and (1/wC)/p do not exceed about 0.01.

Later it will be shown that this condition can be easily fulfilled.

Fig. 4-Diagram of impedance measurement apparatus for frequencies below
3000 kc as described in Part II.

Applying Kirchoff's law, we get for the vectors of the currents and
voltages:

I + 10 = 12 + jc0C(r2 + Z.)12
= I + I° jc4C(E -

E = (r2 Zs)/2 jwLI r1I1

jar,' = IoljwCo.

Solving for the current ratio we get

w2LC

/2 -1 1 - co2LC0
jo.C(r2 Zx)(2

Now let us choose L and C such that

co2L(C + Co) = 1.

w2LC

1 - co2LCol.
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Hence,
11/12 = jcoC(r2 + Z.)

or, since we measure the r.m.s. values of the currents:

(W/2)r.m.s. = wC I r2 Zz I (11)

whence (8) can be obtained.
It may be noticed that the resistance r1 of the meter at the input

5 does not enter the final result.

Measurement
This method enables us to measure the absolute values of imped-

ances. In order to determine the phase (or real and imaginary part) of
the unknown impedance (Zr) we have to proceed as indicated in Part I:
After measuring the current ratio with Z. across bd, we shunt Z. by a
known capacity Co or connect the latter in series with Z., measuring
again the current ratio. Thus from (8) two equations are obtained,
whence the amplitude and phase of Z. can be determined (see (6) and
(7) in Part I).

The condition expressed in (10) can be fulfilled, by choosing arbi-
trarily the magnitude of either L or C. However, for practical reasons,
the capacity C more or less depends on the nature of the unknown im-
pedance and the range of the ammeters. If, for instance, we were to
measure a resistance of about 16 ohms, using a 2 and 10 milliammeter,
whereby the resistance of the latter is r2 = 38 ohms, the capacity C

should be chosen such that the meters show about the same deflec-
tions. Thus, from (11) :

11/12 = 2/10 = wC(38 16),

it follows that wC should not differ very much from wC = 0.0037.
The exact values of C and L as given by (8) are adjusted by tuning

the circuit. Referring to Fig. (4), ac is short-circuited and the condenser
C1 is tuned until the meter (II) reads a maximum. In this way the
reactance of the coupling coil of the oscillator is tuned out. Then (b)

is connected with (c) by a short wire and the left-hand condenser (C)
is adjusted until Il reads a minimum. Thus the resonance conditions
required by (8) is fulfilled. By short-circuiting (a) and (d) and ener-
gizing the circuit at b (instead of a), the right-hand condenser can be
tuned in the same way. On account of the body capacities of the un-
known impedance (Zr) and the meter (/2), both should be connected
across bd while tuning is performed. It also has been found necessary
to place all parts of the circuit on a grounded copper sheet. Further-
more the coil L should be placed in a metal box, so as to prevent
pick-up.
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In order to investigate the operation of this method, a number of

measurements have been made, at 380 to 1135 kilocycles (780 to 260
meters), upon a phantom antenna resistor of about 15.5 ohms (d -c
value). The data of the coil L were: diameter 7.6 cm, length 5 cm,
23 turns of No. 14 B and S copper wire; inductance 35 µH. Equation
(11) requires accurate knowledge of C and r2. As neither of them were
known accurately enough, they had to be determined. For this pur-
pose the terminals b and d (Fig. 4) were short-circuited across the
meter. The current ratio thus obtained at the frequency 385 kc was
11/12= 0.485. Therefore, according to (5):

11/12 = 0.485 = wC(r2).

Then a standard resistor of 25 ohms (constantan wire in an evacuated
tube) was inserted at Zz and a current ratio of 0.806 was measured.
Thus

11/12 = 0.806 = (r2 25)(4C.

From both equations we get

r2 = 31.9 ohms and wC = 0.0128 (Corresponding to C = 5300 NIL)

The labeled value of the resistance of the thermocouple heater was
r2 = 37.8 ohms. Instead of a standard resistance, a standard condenser
can be used as well. This calibration was performed at different fre-
quencies within the range mentioned above and each time the same
value for r2 was obtained.

With the antenna resistor inserted, r2+Rx was found to be 56.8 ohms
which would give an unexpectedly high value of R., indicating a reac-
tive component of Z. Therefore, a condenser was connected in series
with the antenna resistor and for several values of the capacity of this
condenser, the total impedance between points b and d was measured.
This impedance consisted of the resistance (Rz) and inductance (Lx),
the antenna resistor, the inserted capacity (CO and the resistance r2 of
the thermocouple:

r2 + Z. = r2 + R. ± - 1/coCi).

From these measurements Lx and Rz were obtained:

Lx = 8.5 microhenries and R. = 15.6 ohms.

The latter measurements were carried on at the frequency of 1135 kc
(260 meters). Therefore, at this frequency range, the investigated
antenna resistor showed no appreciable increase of resistance over the
d -c resistance.
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CALCULATION OF ELECTRIC AND MAGNETIC FIELD
STRENGTHS OF ANY OSCILLATING STRAIGHT

CONDUCTORS*

BY

R. BECHMANN
(Telefunken-Gesellschaft, Berlin, Germany)

HERE ARE two methods for the calculation of the electric and
i; magnetic field strengths in any straight oscillators such as an-

,
tennas and antenna systems. One method depends on the fact

IJ that the fields produced by the individual elements in the arrangement,
are superposed according to their amplitudes and phases. The fields

t of the elements thus are produced by Hertzian dipoles. The other
method depends on the formation of Hertzian vectors for the given ar-
rangement, and the derivation of the components of the electric and

r magnetic fields in the usual manner.
The electric field of a Hertzian dipole can be divided into three

.parts, designated as the near -by field, the transition field, and the re-
!, mote field. The magnetic field of a Hertzian dipole is divided in two

parts, a near -by field, and a remote field. On using the first method,
1 the component fields, corresponding to the magnetic and electric field,

) can be represented as the sum of integrals that are determined by the

t arrangement of the elements on the given conductors, that is, by the
current distribution along the conductor. In general, this integration
cannot be completed.

Using the second method, as shown in the following, we start out
in a general way to give complete expressions for the'electric and mag-
netic fields of any oscillating straight conductors. We shall now form
the Hertzian vectors for such arrangements. For this also we obtain a

' complete representation.
Let us consider the linear conductor of length / that lies in the z-axis

of the coordinate system. Let the ends be under the influence of any
capacity and self-induction.1 It is assumed that the system is tuned to
the exciting frequency. The distribution of the current Y or the electric
moment y along the conductor is given by the expression :

1P(zo)

which will always signify a sine function in the following, corresponding

* Decimal classification: R120. Original manuscript received by the In-
stitute, May 29, 1930. Translation received by the Institute, September29, 1930.
Communication from Telefunken-Gesellschaft.

1 Balth. van der Pol, Jr., Proc. Phys. Soc. (London), 13, 217, 1917.
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to the solution of the oscillation equation for the conductor. For y we
get the law yz =0, y,=0; y, =1,G (z0)-i.t=P cos (kzo-13)e-ive. Here,
k=27r/X =p/c; X is the wavelength, v is the frequency of the exciting
oscillation, c is the velocity of light, i= \/-1, P is the amplitude and
13 a constant determined by the load at the ends. Let the limits of the
conductor be zol, and zo2 =z01-1-/. From the electric moment y we ob-
tain the electric current Y along the conductor by the relation

ay
= Y. (1)

at

xyz

Fig. 1

The electric field strengths E and the magnetic field strengths H are
derived as follows from the Hertzian vector Z:

E = curl curl Z
1 azH = - curl -

at
(2)

Z is thus given by

dzo
Z -y (3)

dzo is an element of the conductor; r=vx2+-y 2 (z - zo)2 = Vp2+ (z - zo)2
indicates the distance of this element (0, 0, zo) from the origin (x, y, z).
The line above y indicates that y is retarded, that is, instead of time t
we must use the retarded time t- r/c. According to the assumption for
the distribution of the electric moment along the oscillating conductor
we get:

Z, = Zi, = 0
Z02 dzo

Z, = P - cos (kzo - (3)e-iP(g-r lc) = fl (4)
zoi r
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therefore,

J
Z°2 dzo

IT cos RZO ()eZkr.
Z01

(4a)

This integral can be worked out. For (4a) we can write

(e id 202 eik(r+zo)
eII = P {

101
2 J-- i0 r zo2 eik(r-z.)

dzo } (5)
2 r

dzo + r
201

The integrals in (5) can be worked out easily. We shall not give the in-
termediate calculation here, but the result is

z02 eik(r+zo) ,,z2 eiku
dzo = eikz -- du =- ezkz { Ei(iku2) - Ei(ikui) }

r ut, U
201

f Uf2eikU202 eik(?-20)
dzo = - e-ikz -du = - e-ikz { Ei(iku2') - Ei (ikui') 1

1 26
.01 r u

with the values

(6)

u1 = "0)2 (z - Z01)2 - Z01);

= -Vp2 + (z - z01)2 + (z - zoi); (6a)

212 = 1/p2 (z - z02)2 - (z - zo2);

U21 = .012 - Z02)2 + Z02).

The function Ei(ix) appearing in (6) is the integral logarithm with

purely imaginary argument. For this we get:

Ei(ix) = Ci(x) iSi(x) (7)

i in which Ci(x) and Si(x) represent the cosine integral and the sine in-

tegral.
By using (6) we get for the z components of the Hertzian vector H

for (4a)

H =
2
-[ei(kz-P){Ei(iku2) - Ei(ikul)}

- e-i(kg-0)1E1(ik1121) El(ikUll)H

with the values

= N/P2+ - x02)2- -
U1 = 1/P2+ Z01)2- (z -

U21 =14/p2+ - Z02)2+ (z -

Ulf = p2+ (z - 41)2+ (z -

zo2) = r2 - (z - zo2)

zol) = rl - (z - zol)
Z02) = r2 (z - Z02)

Z01) = ri 4-(z- zoi)

(8)

( 9 )
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For the system of parallel conductors, the resultant Hertzian vector is
represented by a sum of expressions of the form in (8), in which the
values r1 and r2 in (9) must be correspondingly selected.

Now we form the components of the electric and magnetic field
strengths. This can be calculated from II according to (2). We use as a
basis the following cylindrical coordinates z. By making the vec-
torial operations, we obtain for the components of the electric field,
E,, E4,, E2, if E=E  e-ivt:

eikr2 eykr1

E. = p[k- sin (kzo2 - /3) - k- sin (kzoi
r2 ri

- - cos (kzo2 - (3) - (kzoi
a eikr2 a

az r2

- 0)
(10)

eikr2 Z - ZO2 eikri Z - ZO1
Ep -= P[ k sin (kzo2 /3) + k sin (kzoi - /3)

r2 p ri P

± - -1 a eikr=--(z - 42))
p Oz r2

cos (kzo2 - /3)

1 a -(z - z01)) cos (kzoi -p az ri
E4, = O.

For the components of the magnetic field 1,, Ho, H. for H= He -iv' we
get

H. = 0 H = 0
r eikr2 eikri

P[ d- k- sin (kz02 - /3) - k- sin (kzoi - 0)

1 a 1 a

p az i) cos (kzoi - 0)1 (10a)
ikr2) cos (kz02 - 13) ±

p az

From (10) and (10a) we see that the expression for E and H can be
represented formally as differences for the limits zoi and z02 of the
conductor, that is, by the expressions

eikr d

(Z 0)1
2 a

r dz0 zo, r
E. = -

Ed, = 0

zo, 1 a

r
eikr(z-z0) ]z.,E, =

eikr z - Zo d

r p dzoigz zoo)]
z01

± p az
zoi

Itt
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= 0, H, =O (11a)

eikr d lz.2 1 a (eikrZ ),k(zo)162}.
p igz°)10i p az zoi

Therefore in (11) or (11a), for any member we must form the difference
of the expressions that are obtained for zo = zo2 and zo = zol. In expres-

sions (11) and (11a) the distribution function t'(zo) is introduced in a
general way. The expressions are valid for any distribution in so far as
they satisfy the earlier assumptions, and are represented by a sine

function.
Let us consider the special case of the conductor length 1, that is a

multiple of the half wavelength of the exciting oscillation. Therefore
for this 1= nX/2, n =1, 2, 3, etc. This is tuned to the exciting oscillation
by its length. There is no load at the ends. The limits of the conductor
are then zol= 0 and zo2=1. The distribution of the current, or the
moment, is given by ik(zo) =P sin lenzo, in which kn=nr/l. At the
ends of the conductor the distribution is 0. Accordingly, the second
member disappears in (11) and (11a). From (11) we get for the
electric field

eikr, eikr1
E, = - Pk,[-- cos nir -

r2

z - ear, z

E, =Pk, cos nir -
r2 p r1 p J

E,=
and for the magnetic field, (11a) gives us

Hz =O H, =O
eikr2 eikrl

Ho = - Pk,[- cos nir -
p p

(12)

(12a)

The expression for the z component of the electric field in (12) was pre-
viously derived by A. Pistolkors,2 while the more general expression
for the z component of the electric field in (11) was given by the author?
In both cases the derivation is carried out by transformation by partial
integration of the integral for the field component parallel to the con-
ductor. In a similar way the field components can be given for other co-
ordinate systems. In the derivation of the above field expression, the

2 A. Pistolkora, PROC. I.R.E., 17, 562; March, 1929.
3 R. Bechmann, Ann. d. Phys., 4, 829, 1930.



466 Bechmann: Electric and Magnetic Field Strengths

electric moment of the conductor is used as a basis. We obtain the
expressions for the field components based on currents from the ex-
pressions based on the moment, in which P = iA/v according to (1),
where A is the current amplitude.

The expressions that have been derived here make possible simple
calculation of the radiation conditions near the conductor. This is of
practical importance in the calculation of radiation characteristics and
radiation resistances of any linear antenna arrangements.

-..k.--.W.><ON.-
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RESONANT IMPEDANCE AND EFFECTIVE SERIES
RESISTANCE OF HIGH -FREQUENCY

PARALLEL RESONANT CIRCUITS*

BY
HAJIME IINUMA

(Electrotechnical Laboratory, Ministry of Communications, Tokyo, Japan)

Summary-The writer has already published in a previous issue of the PRO-

CEEDINGS a new method of measuring resonant impedance and radio frequency re-
sistance as applied to broadcast frequencies. In the present paper he gives, as an-
other example of its application, some results obtained from the measurement in a
band of high frequencies extending from 6300 to 26,800 kilocycles. It is ascertained
that the additional dielectric loss, which is introduced into the resonant circuit by using

a screen -grid tube as a dynatron, exercises only a slight influence on the measure-
ment. The constants of the resonant circuit alone may be derived from those of the
circuit combined with the tube, which can be measured directly. The correctness of

the result is varified by the aid of a known value of the additional series resistance.
Finally some remarks on short-wave amplification are given as a result of measure-

ments.
INTRODUCTION

ESPITE the fact that the remarkable development of high -fre-

quency apparatus has been made by leaps and bounds in recent
years; it is surprising to find how little has been known of the

reliable value of resonant impedance or effective series resistance of
parallel resonant circuits employed therein, whereas exact knowledge
of that is of vital importance for closer studies of their performance.
The writer believes that lack of data in this line is due to nothing but
some considerable difficulties encountered in applying most of the usual
methods of radio -frequency resistance measurement to high -frequency
circuits, on account of very high frequencies to be dealt with. In a pre-
vious issue of the PROCEEDINGS,' the writer suggested however that
such difficulties might, to a large extent, be overcome by employing a dy-
natron. It is the object of the present paper to describe some results
obtained by this means from the measurement with high -frequency res-
onant circuits whose frequencies of resonance are as high as from 6300
to 26,300 kc.

FURTHER DESCRIPTIONS OF THE APPARATUS

AND PROCEDURE OF MEASUREMENT

The principle underlying the present apparatus and procedure of
measurement is substantially the same as that in the preliminary ex-

* Decimal classification : R241. Original manuscript received by the Institute,
July 16, 1930.

1 Iinuma, "A method of measuring the radio -frequency resistance of an
oscillatory circuit," PROC. I. R. E., 18, 537; March, 1930.
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periment carried out at broadcast frequencies, the report of which has
been already published in some detail in the previous paper. There-
fore, descriptions to be given here will be confined to some further pre-
cautions worthy of note as well as some suitable modification therein.
The circuit arrangement for the measurement is as shown in Fig. 1.

As seen from the result of measurements which will be given later,
the numerical value of the negative resistance, I Ril , of a screen -grid
tube used as a dynatron is, in the present case, required to be as low
as from 50,000 to 10,000 ohms. It cannot, however, be expected that
all the screen -grid tubes of various types are capable of providing such
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O

low values. When adjusted to give the dynatron characteristics, the
screen of tubes of such a type is generally subjected to a serious loss,
which increases as Ril decreases, and consequently the loss due to the
screen of tubes limits the lowest available values of I Ri I . In this con-
nection, among several types tested the UX-222 tube has been found
to be the only type fit for the present use. Even if a tube of the UX-
222 type be used, the value of I Ril as low as 10,000 ohms cannot be
reached without the sacrifice of a serious power loss amounting to
nearly one watt at the screen, and a further lowering of I Ri.I in its value
would no longer be expected for the safe operation of the tube. (See
Fig. 2, showing the characteristics of a UX-222 used.)

It may be said of all the tubes of the screen -grid type that the higher
the potential applied to the screen, the potentials of,, other elements
being kept constant, the lower is the value of I Ri

I
. And yet, it should
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I always be borne in mind that, in order to meet the demand for a low

value of I Ri I at the cost of a minimum amount of loss at the screen,

the plate potential is required to be adjusted at a certain optimum
value which seems to be almost independent of the potentials of the

t, other elements and, in the author's experiment with a UX-222 tube,

it has been found that it takes a value something like 24 to 30 volts.
In experiments with a screen -grid tube having the plate lead drawn

out through its base as in the UX-222 type, the use of base and socket

might cause some appreciable amount of additional loss due to the in-
troduction of the dielectrics into the resonant circuit under test; the
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loss might bring forth difficulty in the determination of the circuit con-
stants free from the influence of the tube, which is, in general, desired.
For this reason, the base has been taken away from the tube used, thus
confining the loss to what unavoidably comes into play through the
glass seal. This brings a further advantage of saving the length of the
lead wire to the plate and consequently reducing the unfavorable stray
inductance associated therewith.

When the control -grid potential is gradually raised up to such a
critical value that the tube oscillates as a dynatron, a sudden jump
generally takes place in the d -c plate current, as in the case of usual
triode oscillators. For most of the present cases where the tube has
been subjected to distinct dynatron characteristics, this change has
scarcely been less than 30 to 40 microamperes and has given to a 100 -

microampere direct -current galvanometer of direct reading type so
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marked a deflection that there was no need of other apparatus such as
a heterodyne receiver for the mere purpose of detecting the genera-
tion of oscillation. In consequence of the considerable numerical re-
duction of the negative resistance, increments of the plate voltage as
small as ± 0.5 volt have for the most case sufficed for its determination,
which have been read with a 1.5 -volt direct -current voltmeter. The
measurement of frequency has been accomplished by means of an ab-
sorption type frequency meter coupled to a heterodyne receiver.

In experiments with a short-wave apparatus, there may be formed
some unexpected local resonant circuits which would exercise serious
influence upon its performance. All possible means have been em-
ployed to prevent the present apparatus from the adverse effect, for
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instance, by inserting appropriately designed low-pass filter units to the
circuit at important places (see Fig. 1), by using thick copper strips for
lead conductors, and by shortening lead wires considerably with an or-
derly arrangement of all the parts of the apparatus on a sheet of copper.

RESULT OF MEASUREMENTS

The experiment has been carried out with parallel resonant cir-
cuits on hand for receiving purposes. A variable air condenser of the
usual rotary type consisting of seven semicircular brass plates and
bakelite insulation, is combined with one of three coils having 3 turns
(No. 1), 4 turns (No. 2), and 6 turns (No. 3), respectively. Each coil
is wound with B. S. No. 14 tinned copper wire to form a single -layer
solenoid having a diameter of 80 mm, four thin bakelite pieces ensur-
ing a distance of 4 mm apart between turns as well as satisfactory :rigid-
ity of the coil. No shielding has intentionally been provided, except
the one on the side of the variable condenser facing the experimenter.
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After the condenser and the tube were set, their combined capacity

was measured as function of scale divisions of the condenser at the
terminals of the coil holder (coil removed) by the ordinary substitution
method at 500 kc. Denoting the capacity of the variable condenser in-
cluding the small capacity of its lead to the coil by C' and that of the
tube (measured to be 13 µµf) including the small capacity of its lead to

the resonant circuit under test by Cp, the sum of C' and Cp is the com-

bined capacity under consideration. The results are as shown in Fig.

$ 3. When the coil is connected across the condenser, the coil capacity
tf
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has to be added to the above in order to obtain the total effective ca-
pacity which is responsible for the oscillation generated. Denoting the
total capacity by C and the effective coil capacity by Cc,

C = C' Cp + Cc.

The effective capacity Co of the resonant circuit which is isolated
from the tube, may then be derived from the expression,

Co = C - Cp.

Moreover, let the effective series resistances of the resonant cir-
cuit with and without the tube be denoted by r and ro, respectively, the
corresponding resonant frequencies by f and fo, and the effective induc-

tance by L.
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One of the curves of family A given in Fig. 4, represents the values
of L/Cr, the resonant impedance of the resonant circuit formed with
coil No. 1 and connected with the tube, which has been found directly
by determining the critical value of the negative resistance I Ri j when
the system begins to oscillate, as described in the previous paper. The
corresponding measured values of the frequency f are also shown. In
order to compute the values of r from the above two quantities, the
value of either L or C should first be found. L in this case has, however,
too small a value for us to determine by an ordinary simple method,
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and the accurate value of C is not so readily obtainable due to lack of
the suitable means of determining Cc. For this reason, the author gives
in the figure only the approximate value of r calculated by neglecting
Cc, that is, by using the values of C' +Cp(see Fig. 3) for C.

The values of L/Cr and r as obtained above may be affected to
some extent by the loss involved in the tube, as has already been re-
ferred to. An attempt has been made to find out to what extent those
values are affected. Immediately after L/Cr and f were measured at
each condenser setting, a glass seal of another UX-222 has been in-
serted in shunt across the resonant circuit, all other parts of the tube
such as base, bulb, electrodes, etc., being removed, and then the simi-
lar process of measurement has been repeated at the same setting. The
results are as shown in the curves of family B in the same figure. Curve
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B for the frequency is shifted slightly to the left from the original, ow-
ing perhaps to the small amount of capacity newly introduced by the
glass seal. This capacity has been estimated from the shifting at 2.6µµf
as an average. If the curves of family B in Fig. 4 are shifted so that
every point on the curves moves horizontally to the right by such an
amount of scale divisions so as to get an increase of 2.6µµf in capacity,
the curves of family C in Fig. 5 are obtained, where the curve for f coin-
cides with that of family A. Curves of C for L/Cr and r represent those
values when the loss in the additional glass seal only is considered, and
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the effect of its capacity is placed out of consideration. If curves of C
for L/Cr and r are then transformed on the opposite side of their own
curves of family A as shown by the curves of family D in such a way
that the vertical distance from A to C, and that from A to D, are equal
at every point on A, these newly derived curve D's represent those of
the resonant circuit which is accompanied by the tube free from loss,
that is, by an ideal condenser of 13 µAd in. place of the tube. It is no-
ticed from this experiment that the effect of the loss under considera-
tion hardly exceeds 4 per cent and, therefore, it properly may be as-
sumed that the tube without its base is, as a practical approximation,
considered free from loss.

To derive the curves for L/Coro and ro, the constants of the resonant
circuit isolated from the tube, the following procedure may be applied
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to the curves of family A, Fig. 4. The values of the resonant impedance
or effective series resistance of the resonant circuit including the tube
will not seriously be affected, if the capacity of the tube is substituted
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by rotating the condenser, so as just to recover the tube capacity Cp.
The curves of L/Coro, ro, and fo may thus be derived from the curves of
family A. Those are shown in Fig. 6, in which the curves of family A
in Fig. 4 are also reproduced for comparison. As is clear from Fig. 6
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the method fails to give the values of L/Coro and 7-0 for scale divisions
below a certain limit which corresponds to Cp inherent in the tube em-
ployed. This may be only the disadvantage of the present method of
measurement.

The results directly obtained with coils No. 2 and 3 are as shown in
Figs. 7 and 8, respectively, which correspond to those given in Fig. 4
for coil No. 1, and they are plotted here again by points marked by a
cross or a circle according as the additional glass seal has been con-
nected across the resonant circuit or not. It will be seen that the effect
of the seal loss is no more than 7.5 per cent and may be neglected in

25-X103 Xi05

20

015

- 40

s.!

20

5 - 10

0

NO.3

L/Con

NO.2

NO.2

NO.3

NO.3

a

2 52

NO.2 ------
0 n

0 10 20 30 40 50 60 70 80 90 la
CONDENSER SCALE DIVISIONS

Fig. 9

this case as is also permissible in practice. The corresponding curves
for L/Coro, ro, and fo are as shown in Fig. 9.

The author was able to carry out the whole experiment under the
condition of extremely good stability, and to reproduce all the meas-
ured values of a series of tests within 5 per cent in the measurement re-
peated again after long interval of time. It is also necessary to know
whether the results are correct or not. The following experiment may
be of service to some extent for this purpose.

A small piece about 12 mm long of B.S. No. 40 manganin wire has
been inserted in series with the resonant circuit at the high potential
side of coil No. 3 and then the resonant impedance as well as the res-
onant frequency has been measured by the same process as before.
They are plotted with black circles in Fig. 8. The values of the reso-
nant impedance are considerably diminished on account of the increase
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in the series resistance, whereas no appreciable alteration is noticed in
the frequency as expected. The manganin wire used is so thin and has
so high a resistivity that its resistance may not be appreciably affected
by the frequency even at short waves. Hence the value of effective
series resistance, which has been derived from that of resonant imped-
ance measured as above, minus 0.931 ohm, the direct -current resist-
ance of the manganin piece, should be equal to the measured value of
resistance of the original circuit without the piece. Fig. 8 shows that
this is true within the deviation as small as 10 per cent.

0.2

0

6)1-.8
0

_
zd 1.6

70 7.1 7.2 7.3 7.475
tOgiof.

Fig. 10

Some remarks relating to high -frequency amplification may be
made as a result of the measurements referred to above.

The, effective series resistance of a parallel resonant circuit, ro, is
due, in general, to two kinds of losses, one involved in metallic parts
and the other in dielectrics. The component due to the latter, r02, seems
to take the following relation, based on a fact that the power factor of
most dielectrics is slightly affected by the frequency,

r02C0 C0-312 or fo3

where L is assumed to be constant. On the contrary, the component
due to the former kind of loss, r01, does not take such a simple form. It
is evident however, that the term proportional to fo will have the most
overwhelming influence upon it. Roughly assuming that r01 and r02 are
proportional simply to foi and fo3 respectively, r0 as a function of fo may
be divided into components as shown in Fig. 10 by cut and try meth-
od. It may, therefore, be said that the rapid rise in -the r0 curve at
higher frequencies is chiefly caused by r02.
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In Fig. 11, the values of L/Cr obtained with the three coils are
plotted against condenser scale divisions with frequency as the param-

eter. It is therefore certain from the figure that the more the number
of turns of coil or the less the condenser scale divisions, the higher the
value of L/Cr at a given frequency. It can therefore be concluded that
high -frequency amplifiers ought be operated with as small a capacity
as possible in the resonant circuits; otherwise the amplification will be

lowered, and that, since the dielectric loss, in such a case, decidedly
limits the value of L/Cr, an improvement in amplification at high fre-
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quencies depends in rather greater measure upon the proper choice of
materials as well as geometrical shapes of dielectric parts than upon
the design of coils.

CONCLUSIONS

As mentioned above, the present method of measurement has given
satisfactory results in the range of frequency used. There is no doubt
that the method is also applicable to ultra high frequencies, above 30
megacycles, provided that a lower numerical value of the negative re-
sistance is available. For such an application, it is suggested that two
or more tubes be put in parallel operation in order to get a numerical
decrease in the negative resistance while there will be some undesirable
increase in tube capacity. In this respect the writer has the opinion
that such a low numerical value of negative resistance might be ob-
tained without any risk of increasing the tube capacity, only if a ma-
terial of large emissivity, as oxide in the case of oxide-coated filament
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is applied to the surface of the plate. This would provide on the other
hand the solution to the problem of reducing the undesirable tube
capacity to which the only defect of the present method is due as al-
ready described.

Although the method has primarily been developed for the purpose
of measuring the resonant impedance, it also enables us to determine
accurately the effective series resistance as a resistance variation meth-
od, if a resonant impedance normally measured is compared with that
obtained in the presence of a suitable additional series resistance in-
troduced into the circuit at a suitable place. The additional resist-
ance should be of such careful design, that its insertion gives no rise
to other effects than the introduction of certain known amount of radio-
frequency resistance.

Another practical application of the method is for the measurement
of the amplification of high -frequency amplifiers, which has scarcely
been attained successfully by other methods using the measurement of
radio -frequency currents or voltages. In this case the voltage amplifi-
cation may be computed from the measured value of the resonant im-
pedance with the aid of tube constants. In case screen -grid tubes, em-
ployed therein as interstage tubes, are capable of providing required
low numerical values of the negative resistance, these tubes associated
with the properly modified direct -current circuits, can readily be uti-
lized to measure the resonant impedance under the same condition of
the resonant circuits as they are.

The idea of employing the dynatron for the radio -frequency resis-
tance measurement was also published by H. Pauli.2 The writer's3
experiment was, however, carried out independently of it and his first
report on it was published in Japan, in 1929, and its English translation
in March, 1930. The second report of his work on the subject appeared
in Japan in January, 1930.

In conclusion the writer wishes to acknowledge his indebtedness to
S. Kawazoe who kindly gave him valuable suggestions throughout the
experiment.

2 H. Pauli, Z. f. Tech. Physik., December, 1929.
3 H. Iinuma, Jour. I. E. E. (Japan), June, 1929; Jour. I. E. E. (Japan), Jan-

uary, 1930; PROC. I. R. E., 18, 573; March, 1930.
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SOME DETAILS RELATING TO THE PROPAGATION OF
VERY SHORT WAVES*

BY

R. JOUAUST

Summary-The laws governing propagation of very short waves are the same

as those governing the propagation of luminous vibrations. However, because of the

difference in frequencies, the absorption, due in large measure to diffusion by par-
ticles suspended in air, is less for very short waves than for light, which explains
the very great distance traveled by these waves.

Communications have been carried on by very short waves between points not in

direct line of vision. The phenomena of atmospheric refraction may explain this
result, and the hypothesis seems to be justified by certain observations.

)[N conformity with the decisions of the International Technical
Consulting Committee on Radio, we designate as very short waves
those whose frequency is greater than 30,000 kilocycles per second.

Since November, 1917, when Gutton and Toulyi were successful in

utilizing the properties of triodes for the production of sustained
waves some meters in length, with which they were able to repeat all

the classical experiments of Hertz, many plans were proposed in France

and abroad for the practical application of these oscillations. Up to the

present it seems to be admitted that they do not have the long range2
that can be reached with lower frequencies. This result was verified in

France in 1923 under the following conditions:
In 1921 at a time when the part played by the upper atmosphere in

the propagation of radio waves was hardly suspected, Colonel Chaul-

ard brought forth a hypothesis according to which he believed that

in the upper atmosphere there should be an ionized layer capable

of reflecting waves, returning them at a great distance from their point
of emission, and consequently, short-wave emission should not be
received at a certain distance from the transmitter, and should be de-
tected again at a greater distance, which is an established fact now.
Tests were undertaken with a transmitter set up at Fort d'Issy near
Paris, using a wavelength of 45 meters and an antenna oscillating in a
harmonic, in order to increase the amount of energy radiated toward
the upper atmosphere. The results that were obtained confirmed the

* Decimal classification: R111. Original manuscript received by the Insti-
tute, July 3, 1930. Translation received by the Institute, November 7, 1930.

1 Gutton and Touly, Comptes Rendus de l' Acad4mie des Sciences, 168, 271,
1919.

2 Recent tests have shown that in certain directions just as great distances
can be reached with very short waves as with short waves. This is a point that
should be explained.
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hypothesis. For distances between 200 and 700 kilometers, the recep-
tion intensity increased with the distance, and there was a zone of
silence near the station. 'rests repeated with 9 -meter waves gave ab-
solutely negative results. These short ranges of very short waves are
explained by the fact that at no point of the Kennelly -Heaviside layer
does the electronic density gradient reach a value sufficient for refrac-
tion to bend the waves and turn them toward the earth.

If this is the case, these very high frequency oscillations should act
like light vibrations and their use can only supplement that of visual
transmission. At any rate it is easy to see that the use of electric oscilla-
tions offers certain advantages over luminous vibrations.

A luminous source of a tenth candle power is still visible at 1 kilo-
meter.3 At the top of a 70 -meter tower, the curvature of the earth limits
visibility to about 30 kilometers. If the law of the variation of the
brightness as a function of the distance were exact, to be visible at this
distance the luminous source should have an intensity of 90 candle
power, it being assumed that the consumption of the best modern
electric lamps corresponds to 45 watts. In the following we shall see
that with powers of this order of magnitude, it is possible to get much
longer ranges. The reason is as follows. In the short-wave radio station
the efficiency is close to unity. Seventy to eighty per cent of the energy
supplying the station is changed to high -frequency energy. In lumi-
nous sources, on the other hand, a very small part (of the order of 1
per cent) of the power supplied is transformed into visible radiations.
We see in this the first advantage of very short waves over luminous
vibrations.

There is another more important point.
The law of the variation of the brightness as a function of the dis-

tance is not applicable in air over great distances, because of the diffu-
sion of light by air molecules and particles in suspension. The result is
an absorption of light and the illumination produced at a distance d by
a source of luminous intensity I instead of being expressed by the simple
relation I/d2 is given by a formula of the type I / d2e-". This law was
established some time ago by the professor of hydrography, Bouguer.'
In a very pure atmosphere without any particles in suspension, the
gaseous molecules alone take part in diffusion, the coefficient t having a
very low value, but this is only an exceptional case. Air always con-
tains particles in suspension, especially water molecules, and the dis-
tances are much less than those we calculated above.

Lord Rayleigh showed that the diffusion was inversely proportional
Walsh, Photometry.

4 Douguer, Traite sur la graduation de la lumi8re.
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t to a certain power of the wavelength. This power is 4 when it is a case

) of only gaseous molecules, and 2 or even 1 when it is a case of particles
r. with larger dimensions. However, the absorption due to diffusion

should be less as the frequency of the oscillations is lower. This makes it

f possible to have communication by infra-red radiations in fog and over
distances at which luminous radiations would be completely invisible.

For very short waves the absorption due to diffusion should be
f practically zero.

In optics the distances are increased by concentrating the total
luminous energy emitted by a source, into a narrow beam by means of
mirrors. In order to secure this result it is necessary that the mirrors
have dimensions larger than those of the emitted waves. This is a
condition which is easily met in the case of luminous vibrations, but
cannot be met with long radiotelegraph waves. It is not a problem at
very short waves.

Finally, obstacles stop luminous vibrations. We know that the
phenomenon of diffraction permits luminous waves to pass certain of
these obstacles. But their dimensions not being great as compared with
the wavelength of the source that it used, it can be said that practically
all obstacles stop light. It is hoped on the other hand that very short
waves whose length is 6000 times larger, on the average, than that of

luminous waves, will be able to pass around certain objects in their
path by diffraction. The substitution of very short waves for luminous
vibrations therefore offers certain advantages that did not escape
General Ferrie. In 1921, with his coworkers Mesny, David, and Beau-
vais, he started research on the application of very short waves to
certain purposes in connection with national defense and navigation.

It is not within the scope of this article to describe the apparatus
used and the results obtained. It is only necessary to refer to various
publications on this subject.5

We merely wish to point out certain characteristics in propagation
that appeared during the various tests undertaken in the course of the
work, and which we deem worthy of special attention.

First, let us state that diffraction was shown plainly. With a small
portable station operating with a wavelength of 2 meters and having a
dipole antenna consisting of a wire 1 meter long, the current in the
antenna being 0.08 ampere, telephony was possible in open country at
a distance of 2 kilometers. In forest regions it was possible to communi-
cate at 500 meters. Another phenomenon, disconcerting at first, was
observed during the tests.

5 Mesny, Les Ondes Courtes (Presse Universitaires) ; L'Onde Electrique, p. 28,
January 1924; p.99, February 1924, Jouaust: L' Onde Electrique, p.1, January 1930.
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The transmitter with a wavelength of 3.50 meters was placed at the
top of the Eiffel tower. Reception was possible by means of a set car-
ried by one of the operators. In 1923 the investigators, spread over a
hilly region about 60 kilometers from Paris, found that the reception
was very strong at the edge of a crest, diminished, and then disappeared
as the distance from the edge of the plateau increased, and then reap-
peared very intensely at the next crest. There was always visibility
between transmitter and receiver. It may be explained as follows (Fig.
1) : When the operator was at A B, he received only direct radiation
EA. At CD, in addition to the direct radiation EC, he also received
reflected radiation ERC.

;.,c

B

Fig. 1

As the figure is not drawn to scale, it is impossible to consider the
magnitudes of the different geometric elements that are involved. But
if they are calculated by introducing real numerical magnitudes, we
find that angle ER B is less than a degree. Ray ER, therefore, is a graz-
ing ray. The reflecting power of the electric field is given by the for-
mula :

tan (i - r)
P

tan (i r)

Therefore, it is very close to unity, if i is the angle of incidence and r the
angle of refraction.

On the other hand, the calculation shows that under the experi-
mental conditions the difference between the direct ray EC and the
reflected ray ERC is negligible as compared with the wavelength used.
Under these conditions the electric field at E is the difference between
two equal fields and is zero.

In particular, if we consider point C at ground level, a well-known
optical formula shows us that the resultant field Er is given as a func-
tion of the direct field Ed by the relation:

sin 2i
Er = Ed

sin (I r) cos (i - r)
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If the reflecting medium can be considered as a pure dielectric, which

was the case because of the high frequency of the waves that were used
and the character of the terrain, we see that for a grazing ray Er is
cancelled.

In this connection we wish to point out an acoustic analogy. It was
found' in tests made to find the depth of the sea by acoustics, that in the

open sea a sound producer immersed behind a vessel could not be heard
by a hydrophone placed at the front (Fig. 2). The reason is as follows.
There was interference between the direct sound ray AB and the ray
reflected at the surface of the sea AR B. On the other hand, when the
vessel reaches the continental shelf, the receiver B picks up the sound
vibrations from A reflected at the bottom of the sea. It should be noted

D

WATER EVIL

... --
----- - ---

Fig. 2

that the zones of silence that we have just mentioned for very short
waves require special conditions, a soil that can be considered a perfect
dielectric and incident rays almost horizontal.

These conditions, especially the one regarding the soil, are rarely
fulfilled. The soil always conducts more or less. It acts as if it had a
complex specific inductive power of the form:

4ro-k -j -
w

w being 2r times the frequency and a the conductivity.
Under these conditions the resultant field component is no longer

zero for the grazing ray. And particularly if the imaginary term in

front of the real term is large, that is, if the ground can be considered a
perfect conductor, the reflected electric field is added to the incident
field and the resultant field is twice the incident field.

For the frequencies under consideration, the surface of the sea can-

not be considered a perfect conductor, but it is nearly enough so to
assume that the surface of the sea will not show the zones of silence

mentioned above. Tests have verified this. A receiving set on a vessel
was able to receive until at the horizon, from a transmitter with a wave
length of 3 meters placed 80 meters above the ground on a cliff near
the port of Brest. As the sea is in a perpetual state of agitation, its sur-
face will cause diffusion rather than reflection of the waves.

6 Harvey C. Hayes, Jour. Franklin Institute, 197, 550, 1924.
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The interference between the direct ray and the reflected ray also
may explain a phenomenon recently observed by the French National
Meterological Office. This office makes altitude readings in the me-
dium regions of the atmosphere by balloons carrying recorders,' and
thought to provide the balloons with radio apparatus that would send
certain signals during the ascension. The first tests, made with 30 -
meter waves, gave very encouraging results. To make the apparatus
lighter, the use of 4 -meter waves was tried. It was then found, by
following the balloon with a theodolite, that when the angle of eleva-
tion of the balloon in relation to the receiving set (angle of line of sight
of balloon reception with the horizontal) became less than about twenty
degrees, the transmission weakened very rapidly. If, for a decidedly

Fig. 3

dielectric soil, we draw the value of the induced electromotive force'
in a vertical antenna as a function of the angle of incidence, we get a
curve identical to that in Fig. 3. We see plainly on this curve that when
the angle of incidence increases beyond a certain value, the electro-
motive force in the antenna decreases very rapidly.

We now shall take up the part played by atmospheric refraction,
but we believe that first we should describe the circumstances under
which its influence is shown.

After the preliminary experiments showing the possibility of very
short-wave telephone communication between France and Corsica,
General Ferrie and Mr. Milon (Inspector General of Telegraphs) had a
series of systematic tests made by David and Beauvais in the summer
of 1929.

For a long time there had been visual communication between
France and Corsica by means of apparatus on two mountains with alti-
tudes of more than 1000 meters. This communication could not be
continued regularly, as the ray of light traveling very close to the sur-
face of the sea was frequently absorbed by fog. It was thought to
establish radio stations at the same locations as the visual stations,

7 Idrac and Bureau, Comptes Rendus de l'Academie des Sciences, 184, 691,.1927; Bureau, ibid.,188, 1565, 1929.
8 Bouthillon, our. l'Ecole Polytechnique, 25, ser. 2, p. 151.
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which were at places far from good roads, but this would make it diffi-

cult to connect them with telephone offices.
In France, the station was installed on a peak near Nice, at Fort

de la Revere, with an altitude of 700 meters, and in Corsica, the Col de
Teghine was used, with an altitude of 530 meters. The distance be-
tween the two stations was 205 kilometers and with the stations at
these altitudes the curvature of the earth should limit the ranges to
175 kilometers. The straight line joining the two stations passed more
than a hundred meters below the surface of the sea.

For transmission a full wavelength antenna was employed. Five -

meter waves were used.
With a power of 36 watts it was possible to obtain very good radio-

telephonic communication. We see that this power is of the order of
magnitude that, as stated above, would be given by luminous signals at
distances of 30 kilometers, and this justifies what we stated on this
subject in connection with one of the advantages of the substitution of

very short waves for light. The fact that the actual range exceeded the
geographic distance, was attributed to diffraction without noting any
special facts during these tests. During hot days, there was very
strong transmission during the night; it decreased beginning at four-
teen o'clock, passed through a minimum at about eighteen o'clock, and
regained its original value at about twenty o'clock. This weakening was
shown only on sunny days and never when cloudy.

During the weak period it was necessary to maintain good com-
munication by increasing the power to 150 watts, or by substituting for
the single -wire antenna a reflector made up of an array of antennas.
The diurnal phenomena could be explained only by an effect of the
lower atmosphere on the wave propagation. Atmospheric refraction,
depending on the state of the atmospheric layers nearest the ground,
therefore, should be very important in the propagation of short waves.

The role of atmospheric refraction is very important in the visi-
bility of luminous signals at great distances. It has been the subject of
many studies.

Of just what does atmospheric refraction consist? Because of the
curvature of the earth, the straight line joining two distant points is

not always the same distance from the ground. Therefore, it passes
through layers of air whose temperature, pressure, and humidity are
variables, the magnitudes being a function of the amplitude.

These variations change the index of refraction of the gas, and con-
sequently the speed of light. Therefore a ray of light cannot follow
the straight line considered above, since, because of the Fermat princi-
ple, the trajectory of light waves should correspond to the minimum
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distance. As a rough approximation we can consider air as made up of
strata with different indexes, the index increasing as the altitude de-
creases.

Let us consider (Fig. 4) a ray of light SX coming from an elevated
point S and which would not strike the surface of the earth unless there

J A

were refraction. When at XI this ray meets the first surface of atmos-
pheric discontinuity Z2, it is refracted along A B, approaching the per-
pendicular.

At point B it meets the second stratum E2, undergoes new refrac-
tion and finally strikes the earth at C, a point beyond the point of con-
tact T of the tangent drawn from S to the terrestrial great circle con-
tinued in the plane of the figure. The apparent range of the light signal
therefore is SC and is greater than the arc representing the geographic
distance. In reality, the variation of the index is continuous, and the
problem that we have just treated geometrically by applying Des-
cartes' law becomes a law of differential calculus.

The solution of this problem, which would permit the determina-
tion of the trajectory of light, would give a rather complicated equa-
tion for this curve. But this curve can be roughly compared to a cir-
cle, and we reach the following conclusions:

Because of refraction, the light ray from A (Fig. 5) at height H to
a point at height h beyond the geographic horizon, is a circle of radius

Fig. 5

mR, R being the radius of the earth and m a factor depending on the
atmosphere at the time of observation. This circle is tangent to the
surface of the earth at C. To an observer at A, the horizon appears to
be at C while it should be at T, the point of contact of the tangent to
the earth from A. This is called the "depression of the horizon." This
depression is perceptible even to sailors 5 or 6 meters above the sea on
the bridge of a vessel, and as it influences their astronomical readings,
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it has been made the subject of many studies' that have shown the
effect of atmospheric conditions on this depression. Thus, lieutenant
Koss showed that the coefficient was clearly influenced by atmospheric
humidity. This result was to have been forseen d priori, for we know
that the amount of water vapor acts extensively on the specific induc-
tive power and on the index of refraction of air.

We can even calculate this effect by applying the mixture rule to
the specific inductive power. However, it is refraction phenomenon
that makes objects visible beyond the geographic horizon." The actual
distance due to refraction, the distance between two points A and B,
is given by the formula":

L = /1/RH 2m + ,/Rh 2m
m - 1 m - 1

The distance is greater as m becomes smaller. If m is infinity, the
distance is equal to the geographic horizon, while if it is negative, the
real horizon is nearer. This distance sometimes may be considerable
if we refer to the fact pointed out by Alexander Russel, that alpine
climbers were able to see vessels in the English Channel 600 kilometers
away, from the top of the Finsteraarhorn.

This is evidently an exceptional case. But refraction always inter-
venes, and one of its special effects is to modify the range of beacons.

This effect of refraction has been taken up by the departments in

charge of improving these apparatus. For example, the French Depart-
ment of Roads and Bridges has studied the question by observing over
a period of eleven years, three times a night, the height above sea level
at which Kreach beacon is no longer perceptible to an observer descen-
ding along the cliff at the top of the Raz, 55 kilometers away. The value
of factor m can be deduced from this. Some negative m values have
been found, but in general the values are positive. The average over a
year was 10.5. The observations have shown a seasonal effect very
plainly. For example, the average m value was 15 in January, but
dropped to 7 in August. In order to explain the results obtained in the
France -Corsica communications, m must be given a value of nearly 5.
Such low values have rarely been found in the tests by the Department
of Roads and Bridges, but it should be noted that these latter tests were
made on the Atlantic Ocean where climatic conditions are very differ-

ent from those on the Mediterranean.
9 Assier de Pompigran, Annales d'Hydrographie, 1901.

1° Refraction is frequently confused with mirage. Mirage is only a special
case of refraction consisting of a double image of the objects, one true and the
other reversed as if there were reflection in water.

11 Ribiere, Phares et Signaux Maritimes; Doin, Paris, p. 36.
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The effect of certain factors should not be the same for the relative
index of refraction of light rays as for the relative index of very short
waves.

Certain investigators" have already proved that the specific induc-
tive power of air saturated with water vapor does not follow the law of
mixtures, with radiotelegraph waves.

Finally, the effect of diffraction might be added to that of refrac-
tion.

This seems to justify the role we attributed to refraction. The ef-
fect of sunny days, found during the France -Corsica tests, has also been
shown to exist in long-distance visibility studies.

Over a period of many years Torel," at the edge of Lake Leman,
made many observations on the effect of refraction on the visibility of
objects on the side of the lake opposite the observer. He found that
the range decreased every time the water in the lake became heated to
a temperature above that of the air. Objects that should be visible
geographically, ceased to appear. The factor m became negative.

This is what must have happened during the France -Corsica com-
munication tests. Due to the effect of the sun in the morning, the air
heated more rapidly than water, which has a high heat capacity. In
the afternoon, on the other hand, as the sun sank to the horizon the air
cooled more rapidly than the water, causing a reduction in the factor
2m/(m- 1), as in Torel's observations. The wave range decreased. We
see why this phenomenon does not take place in cloudy weather.

CONCLUSION

It seems probable that very short waves are propagated like lumi-
nous vibrations. But this propagation is accompanied by certain char-
acteristics that can be predicted by the laws of optics. These must not
be overlooked in planning to use these waves, as their effect may be
considerable.

12 Delcellier, Guinchant, and Hirsch, L'Onde Electrique, p. 189, 1926.
" Astronomie, p. 493, November, 1929.
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Summary-Grid circuit power rectification is investigated by studying the ideal
rectifier and applying the results obtained to the case of a tube rectifier. Characteristic
curves are used in. this study to obtain the optimum conditions for rectification and
the order of the output voltage obtainable. Conditions for minimum loading of the
circuit preceding the detector are discussed. Audio frequency discriminations is also
studied as a function of grid circuit impedances and experimentally determined
curves showing the magnitude of the frequency distortion are also given.

iINEAR power rectification is being quite widely used at present. A
grid bias detector is used to obtain this linear rectification and the
results obtained are good provided that the circuit is correctly de-

signed. The possibilities of using grid circuit detecting for linear recti-
1 fication have not been investigated very extensively. Grid circuit pow-

er rectification has certain limitations but very good results, both as to
linearity of rectified voltage with respect to input voltage and overload

) characteristics, may be obtained using this method of rectification as
/ will be shown later.

The theory of grid circuit rectification for small signals of the order
) of hundredths of a volt has been studied quite extensively both theoret-
i ically and experimentally. The theory of small signal detection be-
) comes very difficult to apply when the input voltage is increased so that
i it will be abandoned here and the subject of grid circuit power rectifica-
1 tion will be studied by means of certain measured characteristic curves
t taken in both the grid and plate circuits. The basis or the method used
I here is old in the art being nothing more than finding voltage, current,
I or power values by means of load lines plotted on tube characteristic
) diagrams. This method has been successfully used in the study of grid
f bias rectification.

IDEAL CIRCUIT THEORY

The theory of an ideal detector will be studied first. The applica-
tion of the theory to the tube detector will be quite evident. Assume
some device has a linear relation between current and voltage as shown
in Fig. 1 by the line ACB, where the starting voltage has been shifted
to the left of zero voltage. This shifting was done so that the ideal
curve considered would correspond closer to the ig-eg curve of a tube.

* Decimal classification: R134. Original manuscript received by the Institute,
November 11, 1930.
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The direct current is given by the expression I =KE when the voltage
is to the right of point A and E is the difference in potential between
the point considered and A and the current is zero when the voltage is
to the left of point A. If a sine wave of E volts is inserted in series with
this device and the direct voltage E0 is varied the relation between the
direct voltage and current will be represented by a line FDC, say for
one unit of alternating voltage. Similarly the relations for other values
of input voltage may be found. Certain points on this diagram may be
calculated quite readily. For example, assume that the direct bias is to
the left of:point A an amount equal to the peak value of one unit of alter-
nating voltage. As soon as the bias is decreased some current will start
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Fig. 1.-Theoretical direct -current relations of a linear rectifier for various input
voltages.

to flow over part of the cycle. The direct voltage at which the start of
the current may be measured depends upon the sensitivity of the meter
but will be to the left of point A some value less than the peak value of
a.c. Hence, the limiting value of point E will be the voltage OA plus
the peak value of a.c. When the direct voltage has the value OA cur-
rent will flow during half the cycle. It can be shown easily that the
average value of this current is

E0
Io =

irr
(1)

where, r is the resistance of the device found by the relation between
/0 and Li') for zero carrier voltage.

The above current is the value of direct current that would be given



Nelson: Grid Circuit Power Rectification 491

by a direct change of voltage E divided by 7r so that the value of AD
may be determined for any voltage. When the direct voltage has a
value to the right of point A equal to the peak value of one unit E,
there will be no rectified current so that for all voltages to the right of
point C the relation between E and I will follow the line ACB obtained
for zero alternating voltage. The corresponding current and voltage
may be calculated similarly for different values of carrier voltages. The
rectified current curve and its resistance may be calculated exactly as
the bias is varied by the following formulas.'

EK
I° = -(sin a -a cos a) (2)

1 Ka
r

(3)

where a is one-half the angle during which current flows. K is de-
termined from relation I = KE.

Assume a series of such lines calculated for various carrier voltages.
If a resistance R is inserted and tied in at some point, say zero, the
direct potential will vary according to the carrier voltage. The value
of potential for any given carrier voltage will be given by the intersec-

1
tion of the carrier voltage curve and the line OH having a slope equal

1 to 1/R. Several points should be noted here. One is that the relation
1 between the direct current and direct voltage for various carrier volt-
; ages is not a straight line and because of this fact equal increments of
) carrier voltages do not cause exactly equal increments of change in the
) direct voltage when the device is operated in series with the resistor R

unless R is infinite. The second is that as R is increased the internal re-
sistance r is also increased so that when R becomes infinite r internal

t also becomes infinite. The third point is that if the original curve ACB
starts from zero and if the resistor R is tied into zero also, the internal

ii resistance r at the intersections of the various curves with the load line
1/R will be constant regardless of the value of external resistance R

I used. This may be seen from (2) and (3) for if the load line intersects
J the curve for one unit of carrier at some value /0 it will intersect the
i curve for N units at a current N/o for the same angle a which accord-

ing to (3) will give a constant internal resistance r.
One other relation is of interest and this is the point of intersection

of the line OH and the curve for any given carrier voltage. This may
1 be calculated approximately quite easily. The average value of cur-
( rent is given by the point H for a voltage 5E. Call this current I. Cur -

1 E. Peterson and F. B. Llewellyn, "The operation of modulators from a
physical viewpoint," PROC. I. R. E., 18, January, 1930.
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rent will be drawn only over part of the positive cycle. If we assume
the part that draws current is a sine wave the peak value of the cur-
rent will be 7r1. The voltage for zero signal to give a peak value of 71-1
may be found quite readily from the curve for zero signal. Call this
voltage Eo. The intersection of OH and JB will then have the approxi-
mate value OA plus 5E minus Eo. It is also to be noted that we can re-
duce the part of the cycle drawing current by increasing the resistance
R. This is quite an important point in the operation of the actual tube
as will be shown later.

A rectified voltage curve may be found from Fig. 1 by plotting the
relation between the peak value of E and the rectified voltage V which
value is given by the difference in voltage between the intersections of
the load line and the line for zero carrier and that for some voltage
E, say, JB. It is quite easily seen from this procedure that the relation
V and E is approximately linear for large values of R and becomes ex-
actly linear when R is made infinite.

If the external resistor R is not by-passed for the carrier the recti-
fied voltage V for any given peak voltage E will be given by

ER
V =r

R
(4)

where r represents the internal resistance between the grid and ca-
thode.

If the sensitivity S is defined as dV/dE its value will be

R
S = (5)r + R

It is easily seen that the limiting value of (3) becomes one-half as R is
increased. If the resistor R is by-passed for the carrier voltage it may
be proved quite easily that the sensitivity is

RS = - (6)
r

The limiting value of (6) becomes one as R is increased, thus by-passing
doubles the sensitivity in the limiting cases.

THE INPUT VOLTAGE

The operation of the detector will be studied for the conventional
modulated voltage given by

e = E sin pt (1 B cos qt) (7)
where,
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p is 2r times the carrier frequency
q is 2r times the audio frequency
B is the percentage modulation

AUDIO -FREQUENCY VOLTAGE CALCULATIONS

The audio -frequency variation of the carrier voltage may be taken
r: as B cos qt. If B is unity the peak value carrier is varied from 0 to 2 E.
I For example, if a two -unit carrier is impressed in series with the ideal

detector as shown in Fig. 1, the grid potential will vary between the
intersections of the lines for a zero and a 4 -unit carrier with the load

1 line OH when the carrier is modulated 100 per cent provided that the
impedance of the condenser by-passing R is high for the modulating
frequency. Similarly the variation for any other percentage modula-
tion is easily found. The actual voltage for any carrier and any per-
centage modulation may be calculated quite readily from the rectifica-
tion diagram.

The relation between the audio -frequency current and voltage will
no longer be given by a straight line such as OH when the impedance
of the condenser C is comparable to that of the R, but will be given in
the general case by a distorted ellipse. The resistor R, however, deter-
mines the operating voltage for any carrier regardless of the a -c im-
pedance. The modulated carrier may then be replaced by an internal
audio -frequency generator, B cos qt which has its operating point at
the intersection of the load line and the curve for the particular carrier
voltage. The instantaneous relation between the current and voltage
will be given by a distorted ellipse having its center about the operat-
ing point. This case will be further discussed in the audio-frequency
discrimination considerations given later.

In the discussion that follows it will be assumed that the impedance
of the by-pass condenser C is high compared to that of the resistor con-
sidering audio frequency only.

ACTUAL CIRCUIT THEORY

Fig. 2 shows the Ig-Eg measured characteristic curves of an ER -
227 using various carrier voltages. The plate voltage was varied so that
its value was the same as when the B voltage was 180 volts fed through
an 18,000 -ohm resistor. The actual characteristic curves roughly ap-
proximate the curves calculated for the linear relation given in Fig. 1.
The main difference is the curvature at the foot of the Ig-Eg curve for
zero signals which causes the resistance of this curve to vary between
infinity and about 4500 ohms, instead of remaining constant.

A one-megohm load line is drawn in from the point of zero poten-
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tial, in this case the cathode. The method of operation is quite evident.
For example, assume a carrier voltage of four volts. If the carrier is
modulated 100 per cent its peak value from (7) will vary between zero
and 2E or 8 volts. The variation will be proportional to the percentage
of modulation so that when B is fifty per cent the peak value of the in-
put voltage will vary between one-half and three halves of E or be-
tween 2 and 6 volts. Thus if the external impedance is one megohm
the audio -frequency variation of the grid potential may be found from
the curves of Fig. 2 for various caller voltages and percentages of
modulation.

z80
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Fig. 2.-Experimentally determined ig-eg curves for various input voltages using
ER 227 tube.

The rectification curve for a one-megohm grid resistor is shown
plotted in curve A, Fig. 4. This curve is nearly linear which gives
approximately distortionless rectification. Theoretically, the grid
rectification curve multiplied by the voltage factor of the tube, that
is, µR ext/R ext -Erp should give the rectified voltage in the plate cir-
cuit. Under the usual conditions, however, this does not hold for very
large input voltages due to plate rectification. Plate rectification results
in an increase of plate current while grid circuit rectification as used
here results in a decrease of plate current; thus plate rectification
causes a reduction of output. A detailed discussion of plate rectifica-
tion is, however, beyond the scope of this article.

Fig. 3 shows the Ip-Ep curves of the same tube plotted for vari-
ous a -c input voltages. A one-megohm resistor by-passed for the car-
rier voltage was used in the grid circuit. A 9000 -ohm load line is shown
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plotted in B, Fig. 4. This curve is very nearly linear up to 2.5 volts
input beyond which it bends over due to plate rectification.
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Fig. 3.-Ep curves ER -227 tube for various input voltages using a one-megohm
grid resistor by-passed for the carrier voltage.
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Fig. 4.-Rectification curves for ER -227 tube with rg-equal to one megohm.
A-Rectified voltage in grid circuit.
B-Rectified voltage in plate circuit Eb-180 volts. Rp-9000 ohms.
C-Rectified voltage in plate circuit Eb-180 volts, Rp-18,000 ohms.
D-Theorectical rectified voltage in plate circuit for Eb-180 volts, Rp-

18,000 ohms.
E-Rectified voltage in plate circuit Eb-300 volts, Rp-25,000 ohms.

The linear output is limited for the above condition. An increase
of external plate resistance does not increase the linear output as may



496 Nelson: Grid Circuit Power Rectification

be seen from curve C, Fig. 5 which is for the case of using an 18,000-
ohm resistor in series with a 180 -volt supply. Curve D, Fig. 5, shows
the theoretical rectification curve obtained by multiplying A by the
voltage factor of the tube. The curves coincide up to about 2.5 volts.

An increase of plate voltage results in considerable more output
voltage. Curve E, Fig. 5, shows the rectified output voltage using a
25,000 -ohm resistor in series with a 300 -volt supply. This curve is
practically parallel to the calculated curve E up to about 5 volts input
voltage. The plate resistor has been used for two purposes. With no
signal, the tube has a slight negative bias which becomes more negative

HI I I
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ppauliporum
C A /2 /4 /C /8 20

Fig. 5.-Power output curves of receiver for ratios of audio -frequency and radio-
frequency voltages.
A-VPo vs audio -frequency voltage introduced in the external detector

plate circuit.
B, C, D-\/Po for grid circuit detector rg-1 megohm, eg-100 Eb-180 volts,

Rp-18,000 ohms.

when a signal is applied. Thus the zero signal conditions determine the
voltage that may be safely applied to the plate. The plate resistor thus
reduces the effective plate voltage for no signal and acts also as an
audio coupling impedance. It would be desirable to use a resistor by-
passed for the audio frequency in series with the plate supply even if
transformer coupling were used. For example, about 9 volts would be
the maximum practical value of plate voltage to use with a transformer
which would give 10.35 ma plate current. A three -volt carrier would
have the intersection of the three -volt curve and 90 volts as its opera-
ting point. If the impedance of the transformer were high the maxi-
mum possible change in audio -frequency voltage would be given by
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AB, Fig. 3 or 112-0-90 or 22 volts on one side and 90-59 or 31.0 volts
on the other which would, of course, result in bad distortion. If a
25,000 -ohm resistor were used in series with a 300 -volt supply and by-
passed the operating point would be the intersection of the 25,000 -ohm
load line and the three -volt curve or 106.3 volts. The maximum possi-
ble peak change in voltage would be given by the line CD. (Fig. 4.)
The peak voltage would be 25.5 volts on one side and 32.5 volts on the
other which is some improvement over the previous case. The use of a
series resistor which is by-passed and a higher supply voltage thus re-
sults in a higher output voltage for a given percentage of distortion
when transformer coupling is used.

Better results could be obtained by a reduction of the series resis-
tor. For example, if a 21,200 -ohm resistor were used in series with 300
volts the operating point for zero signal would be 88 volts and 10 ma
and the power is 0.88 watt which would be about as high a value as
practical to use. With a three -volt carrier the operating point would
be 113 volts and 8.8 ma. The peak voltages would be 32.7 on one side
and 27.7 on the other. Thus something less than a three -volt carrier
should be used. About 30 volts peak output voltage for 100 per cent
modulation would be the practical considering distortion. This
detector even with 100 per cent modulation and a 3/1 coupling trans-
former would not give voltage to work a push-pull,
245 stage requiring 100 volts.

Detectors working directly into a push-pull 245 stage are in general
not very satisfactory as regards overload characteristics. Grid circuit
power detection would not give as much output voltage as it is possible
to obtain using bias detection. The logical method of using this method
of detection for present day output tube requiremeVs is in connection
with an intermediate audio stage transformer coupled to the push-pull
stage. The following experimental work was done with a receiver hav-
ing an intermediate audio stage. The detector was resistance coupled
to the intermediate stage because it delivers sufficient output voltage
to overload the first audio stage without a coupling transformer under
the conditions used.

Curve A, Fig. 5, shows the square root of the power output plotted
vs. audio -frequency voltage introduced in the external circuit of the de-
tector of the receiver mentioned above. The detector was then con-
nected for grid -circuit detection with Rg 1 megohm, Cg 100Auf, Rp
18,000 ohms and Eb 180 volts. The coupling condenser to the first
audio -frequency stage was 0.006 pi and the grid resistor was two me-
gohms. The power output curves of the detector for 45, 30, and 15 per
cent modulation are shown by the other curves in Fig. 5. These curves
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show that output is very nearly linear up to practically the theoretical
undistorted power of the two 245 tubes in push-pull even for .15 per
cent modulation.

Fig. 6 shows the same curves for Rp 25,000 ohms and Eb 300 volts
for 30, 15, and 7.5 per cent modulation. These curves show quite con-
clusively that for the conditions given here the detector will deliver
enough voltage to overload the audio system even at 7.5 per cent mod-
ulation.

GRID RESISTOR AND CONDENSER CONSIDERATION

An examination of the Ig-Eg curves shows that the grid resistance
becomes quite low. Grid current will flow during part of the radio -fre-
quency cycle and as was shown previously the part of the cycle during
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Fig. 6.-Power output curves of receiver for rations of audio -frequency and radio -
frequency voltages.
A-\/Po vs audio -frequency voltage introduced in the external detector

plate circuit.
B, C, D,- N/Po for grid circuit detection, rg-1 megohm, cg -100 Eb-300

volts, Rp-25,000 ohms.

which grid current flows may be made small by using a grid resistor
having a high value of resistance. It is desirable to make the part of
the cycle drawing grid current as small as possible because the effec-
tive grid to cathode resistance which is in series with the grid leak and
condenser shunts the tuned input circuit. The smaller the part of the
cycle drawing grid current the higher the input resistance will be.

The smaller the grid condenser the less will be the effect of shunting
the grid -cathode capacity by the low input resistance during part of
the cycle. This may readily be seen from the fact that the impedance
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of the grid leak and condenser is practically that of the grid condenser
so that the grid condenser is in series with the low input resistance
which will detune the stage preceding the detector. On the other hand,
however, the smaller the grid condenser the less will be the fraction of
the secondary voltage impressed on the grid. This consideration should
not be so important in present day receivers as it was previously. A
25014 condenser has been used extensively in the past but this is
much larger than necessary. The size of this condenser should be
chosen from audio -frequency discrimination considerations as will be
discussed below.

The audio frequency for purposes of analysis may be considered to
be generated by an internal generator in series with the internal re-
sistance rg. The grid bias will be fixed for any given carrier voltage.
Considering audio frequency only then the effect is only to fix the bias
by drawing some grid current and the bias potential is that given by
the load line and the ig-eg curve for that carrier voltage. The internal
resistance will vary throughout the cycle and its values may be found
from the intersections of the load line and the corresponding curves.
The variation of internal resistance over the cycle would of course cause
distortion and the external resistance should be chosen so as to make
this effect small which can be done by making the ratio of external to
internal resistance as high as possible. This may easily be seen as the
internal voltage RArg-I-R) Eb cos qt where E is the peak value of the
internal generator.

The audio voltage impressed upon the grid will be the ratio of the
external impedance to the total impedance times the generated voltage.
In actual operation, there will be frequency discrimination because one
of the elements of the external impedance, the grid condenser in parallel
with the input capacity, varies with frequency. It may easily be shown
that the ratio of the external to total impedance is

Ri

AR1 rg)2 (coCiRirg)2

For a low audio frequency the second term of the denominator will
be small compared to the first. The ratio of any high -frequency volt-
age to the low -frequency voltage may be expressed as follows:

where,

+ (wC1R1N)2

(1 + N)2

N = - 
R1
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An examination of this equation shows that the effect of frequency
discrimination may be negligible by using either a small grid condenser
or a low value of external grid resistance, or by making the ratio of the
internal to the external resistance as small as possible which is tied up
with the size of external grid resistor used. There is a certain minimum
size of grid condenser which it is advisable to use. The grid resistor be-
cause of other considerations should be of the order of at least one meg-
ohm. It is practical, however, to obtain good results as regards frequency
discrimination and still have the value of circuit elements satisfactory
for other considerations as shown below by some experimental results.

Curve A of Fig. 7 shows the audio -frequency current in the out-
put of the receiver using bias detection. This and the following curves
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Fig. 7.-Fidelity characteristics of receiver.
A-Bias rectification, rp-250,000 ohms, Cp-150 ma.
B-Grid circuit rectification, rg-1 megohm, Cg -50 ti/Af.
C-Grid circuit rectification, rg-2 megohms, Cg -50
D-Grid circuit rectification, rg-1 megohm, Cg -250
E-Grid circuit rectification, rg-2 megohms, Cg -250

rp-20,000 ohms, and Eb-180 volts for B, C, D, and E.

were taken by impressing a 30 per cent modulated carrier voltage on
the input of the stage preceding the detector. The carrier was then
modulated with various audio frequencies higher than 400 cycles as
lower frequencies were of no interest in this investigation. Curves B
and C show the same curves obtained when a 50 -µAd condenser is used
with a one- and a two-megohm leak, respectively. Curves D and E
show the same resistors with 250 Auf. From these curves it is seen that
the frequency discrimination effect may be made small by using a large
enough value of grid resistance to obtain linear recti6cation provided
that a small grid condenser is used.
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BOOB REVIEW

The Theory of Electrical Artificial Lines and Filters, A. C. Bartlett. 155 pp.; 160
figs. John Wiley and Sons, Inc., New York. Printed in Great Britain, 1930.
Price $3.50.
The author provides an excellent general introduction to the theory of such

a networks. The book is a textbook on the combination of complex impedances
t and the development of this field by means of artificial line theory rather than

an exhaustive treatise. In the treatment of filters, for example, there is no men-
tion of the character of the effects of dissipation in modifying the properties of
the ideal, purely reactive structures.

The treatment is steady-state throughout, though this appears not to be
specifically mentioned. In addition to the algebra of complex quantities, hyper -

d bolic functions and determinants are used. The elements of the theory of con-
tinued fractions and simple continuants are developed and used in the treatment
of ladder -type networks. A later chapter deals with the homographic transforma-
tion (elsewhere variously called linear fractional, general linear, and bilinear trans-
formation), and the role of this transformation particularly in accounting for
the frequent occurrence of circle diagrams in circuit theory.

After a simple treatment of T- and 7r -section artificial lines, the general
repeated network is considered. The notion of reciprocal impedances and net-
works is developed for its value in the transformation of networks. There is a
brief chapter on equivalent networks related to artificial lines, following Cauer,
which emphasizes the aid which hyperbolic functions offer in visualizing the prop -

3 erties of artificial lines. The general theory of the multistage vacuum tube ampli-
fier is developed, based on Butterworth's constant current generator rather than

) on the constant voltage generator more usual in vacuum tube circuit theory.
At the end of each chapter a number of examples are suggested, some of

which are worked out for the reader. The examples are exercises in mathematics
and paper theory and, like most of the text, leave the consideration of practical
possibilities in the application of artificial line theory to other treatises.

KAJt,r, S. VAN DYKE*

 Wesleyan University, Middletown, Conn.
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BOOKLETS, CATALOGUES, AND PAMPHLETS
RECEIVED

Copies of the publications listed on this page may be obtained gratis by ad-
dressing a request to the manufacturer or publisher.

Details of the Compton quadrant electrometer made by the Rubicon Co., of
29 North Sixth St., Philadelphia, are given in Bulletin No. 330. The Compton
electrometer is a refinement of the well-known quadrant electrometer originally
invented by Lord Kelvin.

Bulletin No. 16 of Jenkins and Adair, Inc., 3333 Belmont Ave., Chicago,
describes their Type D plate supply rectifier. This unit, which is designed for
standard ninteen-inch relay racks, delivers a maximum output of 200 milliam-
peres at 350 volts, and two to three milliamperes at 135 volts. Two mercury
vapor rectifiers are used.

Model 30 short tester and preheater manufactured by the Supreme In-
struments Corp. of Greenwood, Mississippi, is described in a two -page mimeo-
graph announcement of this new product. After the tubes come to the proper
temperature, short circuits in the tube are indicated by the illumination of a
number of miniature flashlight lamps.

Type PD direct -current volt -ohmmeters manufactured by the Roller
Smith Co., of 233 Broadway, New York, are described in Supplement No. 3 to
Bulletin No. 100.

The Polymet Manufacturing Corporation, 829-839 East 134th Street, New
York, has recently published a sixteen -page catalog of products of interest to
service men and manufacturers. Dimensional drawings of resistors, condensers,
transformers, and other products listed in the catalog are given.

Loose leaf catalog No. 17 has been recently published by the H. H. Eby
Manufacturing Company of 22nd St., and Lehigh Ave., Philadelphia. It de-
scribes various binding posts, binding post assemblies, volume controls, vacuum
tube sockets, and resistors for manufacturing purposes. a
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r 1 HIS IS a monthly list of references prepared by the Bureau of Standards

REFERENCES TO CURRENT RADIO LITERATURE

and is intended to cover the more important papers of interest to the pro-
fessional radio engineer 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 "Classification of Radio Subjects: An Extension
of the Dewey Decimal System," Bureau of Standards Circular, No. 385, which
appeared in full on pp. 1433-56 of the August, 1930, issue of the Proceedings of
the Institute of Radio Engineers. The classification numbers are in some in-
stances different from those used in the earlier version of this system used in
the issues of the Proceedings of the Institute of Radio Engineers before the Octo-
ber, 1930, issue.

The articles listed are not obtainable from the Government or the Institute
of Radio Engineers, except when publications thereof. The various periodicals
can be secured from their publishers and can be consulted at large public libra-
ries.

R000. RADIO

R000 Rickard, C. E. Address delivered Nov. 5, 1930, before the Wireless
Section of the Institution of Electrical Engineers, London. Jour.
I.E.E. (London), 69, 11-24; December, 1930.

The author reviews developments in radio communication that have taken place dur
ing 1930.

R000 Buttner, H. H. The role of radio in growth of international communi-

X R450 cation. PROC. I.R.E., 19, 51-58; January, 1931.
The author portrays the development of communication in its international aspects,

emphasizing the role which radio plays in that development.

R100. RADIO PRINCIPLES

R100 Colebrook, F. M. The physical reality of side -bands. Experimental
Wireless & W. Engr. (London). 8, 4-10; January, 1931.

The reception and rectification of a modulated continuous wave is considered theo-
retically and experimentally with special reference to the variation of the modulated
frequency output with the tuning of the receiving circuit. The physical reality of the
side frequencies is demonstrated, and their effect on the shape of the tuning curve is
shown. A brief discussion is also given of the side -band cut-off effect, i.e., the variation
of amplitude of the modulation frequency output with modulation frequency.

R113.6 Taylor, A. H. Note on skip distance effects on superfrequencies.
PROC. I.R.E., 19, 103-105; January, 1931.

A report of measurements on skip distances in the frequency band between 30,000 and
40,000 kc is followed by a brief discussion of results.

R113.61 Gilliland, T. R. Kennelly -Heaviside layer height observations for
4045 and 8650 kc. Research Paper No. 246. Bureau of Standards
Jour. of Research, 5, 1057-61; November, 1930. PROC. I.R.E., 19,
114-119; January, 1931.

Abstracted in January, 1931, issue of PROCEEDINGS, the Institute Radio Engineers.

R113.61 deMars, P. A., Gilliland, T. R., Kenrick, G. W. Kennelly-Heaviside
layer studies. PROC. I.R.E., 19, 106-113; January, 1931.

Oscillographic observations of pulse transmissions on 1410 ko and a number of higher
frequencies, made at the Bureau of Standards and Tufts College in collaboration with
workers at the Naval Research Laboratory and the Department of Terrestrial Magnet-
ism, are discussed.
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R114 Baumler, M. Gleichzeitige Luft and Kabelstorungen. (Simultane-
ous static interference in the air and in cables.) Elek. Nach. Technik,
7, 325-30; August, 1930. PROC. I.R.E., 19, 138-44; January, 1931.

Abstracted in November, 1930, issue of PROCEEDINGS of the Institute Radio Engi-
neers.

R125.1 Walmsley, T. Beam arrays and transmission lines. Experimental
Wireless & W. Engr. (London), 8, 25-27; January, 1931. Abstract
of paper read before Wireless Section, Institution of Electrical Engi-
neers, December 3, 1930.

After illustrating various short-wave antenna arrays that have been used, the author
presents a new and improved type of array, and discusses the principles underlying the
theory involved.

R130 Becker, J. A. The role of barium in vacuum tubes. Bell Laboratory
Record, 9, 54-58; October, 1930.

An explanation of the effect that barium has on the activity of a vacuum tube fila-
ment and the resulting increase of efficiency.

R132 Bainbridge -Bell, L. Interaction in amplifiers with special reference
to common impedance in filament circuits. Experimental Wireless &
W. Engr. (London), 8, 18-20; January, 1931.

Attention is drawn to a generally unsuspected cause of retroaction, which is common
impedance in the filament battery circuits. Methods of prevention are discussed.

R132 Thomas, H. A. Effect of output load upon frequency distortion in
resistance amplifiers. Experimental Wireless & W. Engr. (London),
8, 11-17; January, 1931.

A theoretical and experimental analysis of the resistance -capacity coupled amplifier
leads to the conclusions, that frequency distortion is inherent, and that there is no ad-
vantage in using of low factor stages in cascade.

R134 Aiken, C. B. The detection of two modulated waves which differ
XR170 slightly in carrier frequency. PROC. I.R.E., 19, 120-137; January,

1931. Bell Sys. Tech. Jour., 10, 1-19; January, 1931.
The present paper contains an analysis of the detection of two waves modulated with

the same, or with different, audio frequencies and differing in carrier frequency by sev-
eral cycles or more. Both parabolic and straight line detectors are treated and there are
derived the expressions for all of the important audio frequencies present in the output
of these detectors when such waves are impressed. There are discussed the types of
interference which result when one station is considerably weaker than the other and
simple attenuation formulas are employed in estimating the character and extent of the
interference areas around the two transmitters. Beyond the use of such formulas no
attention is given to phenomena which may occur in the space medium such as fading,
diurnal variations in field intensity, etc.

R139 Kilgour, C. E. Graphical analysis of output tube performance. PROC.
X R335 I.R.E., 19, 42-50; January, 1931.

After outlining the graphical method for the analysis of power tube output as applied
to the case of a simple resistive load the method is extended to the case of a plate load
presenting a value of resistance that is different for direct current than for alternating
current. It is shown that in this case the various load lines cannot be drawn through a
common operating point because the effective plate voltage shifts when rectification
occurs. The method is applied to an experimental pentode and it is shown that in
this case the condition for no rectification does not imply the absence of odd or even
harmonics.

R140 Turner, H. M. Transient currents in transformers. Jour. Franklin
X621.314.3 Institute, 211, 1-36; January, 1931.

A presentation of the fundamental principles underlying the phenomena of transient
currents in transformers, is given: The elements affecting the transient current are con-
sidered individually, starting with simple inductive circuits and leading up to the more
involved case of the transformer in the transient state. Also, a description of the
"transient visualizer" is given. This is a synchronous switch fpr controlling circuit con-
ditions in connection with oscillographic studies of periodic and transient electric phe-
nomena.
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R141 Sowerby, A. L. M. The design of tuned circuits to fulfill predeter-
mined conditions. Experimental Wireless & W. Engr. (London), 8,
23-24; January, 1931.

This method of design prescribes a definite sharpness of tuning and a definite stage
gain, and then proceeds to calculate the resistance and inductance, which will be re-
quired in the circuit.

R144 Frenkel, J. On the electrical resistance of contacts between solid
conductors. Phys. Rev., 36, 1604-18; December 1, 1930.

A contact between two solid bodies is visualized as a small gap between them. This
gap is considered as a potential hill over which the electrons, according to the wave
mechanical theory can pass even with insufficient kinetic energy. The general expression
of the resulting current intensity is obtained and discussed for the case of two identical
or different bodies in connection with the resistance of granular structures (thin metal
films) and the rectifying action of certain contacts.

R200. RADIO MEASUREMENTS AND STANDARDIZATION

R213 Hall, E. L. Accurate method of measuring transmitter wave fre-
quencies at 5,000 and 20,000 kilocycles per second. Research Paper
No. 220. Bureau of Standards Jour. of Research, 5, 647-52; Septem-
ber, 1930. PROC. I.R.E., 19, 35-41; January, 1931.

Abstracted in December, 1930, issue of PROCEEDINGS of the Institute Radio Engi-
neers.

R220 Griffiths, W. H. F. A simple capacity test set. Experimental Wire-
less & W. Engr. (London), 8, 21-22; January, 1931.

A compact portable test set is described. It is essentially a four -capacity arm bridge
with buzzer, battery, and standard condensers all contained in an 8 -inch cubical box
and has a range of 0.00005 if to 1.0 pf on a single -scale rotary dial.

R220 Schlesinger, K. Eine einfache Anordnung zum Messen kleiner Kapa-
zitaten. (A simple apparatus for measuring small capacities). Zeits.
fur Tech. Physik, 11, 537-38; December, 1930.

The measurement of capacities as low as 1/10 cm, with less than 5 per cent error is
possible with the shielded capacity bridge described.

R265.2 Barclay, W. A. Loud speaker impedance. Wireless Wld. & Radio
Rev., 27, 627-30; December 3; 662-666; December 10, 1930.

A four -variable alignment chart is given for determining the impedance of a loud
speaker, considering the latter as a resistance and inductance in series. The construction
of alignment charts is also briefly discussed.

R300. RADIO APPARATUS AND EQUIPMENT

R361 Robinson, J. The Stenode radiostat. Radio News, 12, 682-87;
February, 1931.

This paper was delivered before the Radio Club of America by Dr. Robinson and
presents his version of the principles underlying the theory and operation of the Stenode.

R380 X Feldtkeller, R. and Kirshbaum, H. Zur Theorie der Tonfrequenz-
621.313.7 messgerate mit Trockengleichrichtern. (On the theory of dry recti-

fier instruments for a -c measurements at audio frequencies.) Tele-
graphen and Fernsprechtechnik, 19, 333-40; November, 1930.

A mathematical analysis of the problem is carried out and the results are applied to
a -c instruments containing oxide rectifiers.

R390 Lindsay, M. H. A. A standard test set for vacuum tubes. Bell

X R262.1 Laboratory Record, 9, 85-89; October, 1930.
The description of an apparatus used to calibrate and check vacuum tubes, where it

is important that their characteristics are definite and constant.
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R390 Dunn, H. K. A new analyzer of speech and music. Bell Laboratory
X R265.2 Record, 9, 118-123; November, 1930.

A description is given of an apparatus for measuring, at definite successive time inter-
vals, the average and peak values of amplitude over various frequency bands.

R500. APPLICATIONS OF RADIO

R520 Miner, J. D. Power equipment for aircraft radio transmitters. PROC.
XR356 I.R.E., 19, 59-77; January, 1931.
X R522

This paper covers all of the systems of power equipment now used or contemplated
for supplying power to aircraft radio transmitters. The various types of power equip-
ment are described and the advantages and disadvantages of each type are discussed.
The types of power equipment discussed are (1) the wind -driven generator, (2) the
dynamotor, (3) the main engine -driven generator, (4) the auxiliary engine generator
set, (5) the combination wind -driven generator and dynamotor, and (6) the constant
speed main engine -driven alternator.

R520 Martin, D. K. Radio telephone equipment for airplanes. Bell
Laboratory Record, 9, 59-64; October, 1930.

A description is given of a complete radio -telephone equipment for an airplane which
permits two-way telephone communication in the 1500-6000-kc frequency band, and
reception of weather information and range signals in the 250-500-kc band, as well as
interphone communication between points within the airplane itself. Results of tests
are given.

R521.1 Anderson, S. E. Aircraft radio receivers. Bell Laboratory Record, 9,
71-76; October, 1930.

A description is given of two recently developed receiving sets, both for aircraft in-
stallation. One has a frequency range of 250-500 kc while the second, a similar set,
covers the 1500-6000-kc band.

R522.1 Bair, R. S. New radio transmitters for airways applications. Bell
Laboratory Record, 9, 65-70; October, 1930.

A description is given of two recently developed crystal -controlled transmitters that
operate in the frequency band of 1500-6000 kc. One type is designed for use on board
aircraft while the other is for ground station work.

R550 Gillett, G. D. Common frequency broadcasting development. Bell
Laboratory Record, 9, 183-87; November, 1930.

A brief nontechnical report of the problems that were solved in bringing about the
synchronization of radio stations, WHO, Des Moines, and WOC, Davenport, Iowa.

R583 Weinhart, H. W. Glow discharge lamps for television. Bell Labora-
X 535.38 tory Record, 9, 80-85; October, 1930.

A description of glow discharge tubes for television purposes, and their development
since 1927, is given.

R592 Cauchey, W. K. Test truck for aircraft radio. Bell Laboratory Rec-
ord, 9, 77-79; October, 1930.

A description of the radio equipped autotruck used by the Bell Laboratories in con-
nection with aircraft radio research.

R600. RADIO STATIONS

R612.1 Hanson, 0. B. and Morris, R. M. The design and construction of
X534 broadcast studios. PROC. I.R.E., 19, 17-34; January, 1931.

The science of sound, for years one of the most neglected of subjects related to
physics, has during the past decade been the subject of much interesting research. A cer-
tain amount of impetus has been added to this work by the phenomenal growth of radio
broadcasting owing to the necessity of providing studios suitable from an acoustic stand-
point. This paper indicates certain facts relative to the science of acoustics and sound
control and shows how they are applied in the construction Qf present day studios for
radio broadcasting. Examples are given as well as methods of overcoming difficulties
in practical application of principles.
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R800. NONRADIO SUBJECTS

537.7 Cramp, W. Note on the use of the cyclogram for the determination
of wave -form. Jour. I.E.E. (London), 69, 81-82; December, 1930.

The author suggests an accurate and comparatively simple method for thedetermina-
tion of wave -form.

537.7 Wheatcroft, E. L. E. The calculation of harmonics in rectified cur-
XR140 rents. Jour. I.E.E. (London), 69, 100-108; December, 1930.

After discussing the characteristics of rectifiers and of smoothing circuits, the author
proceeds with a mathematical analysis of the problem in which he presents first, the
classical method of solution, and then a new and less laborious method, involving the
solution of certain equations by successive approximation.

538 Haworth, F. E. A magnetization curve tracer. Bell Laboratory Rec-

ord, 9, 167-70; November, 1930. Bell Sys. Tech. Jour., 10, 20-32;
January, 1931.

An ingenious device is described which automatically traces out the magnetization
curve and the hysteresis loop of any magnetic specimen and does it quickly and ac-
curately.

621.313.7 Armstrong, R. W. Polyphase rectification special connections. PROC.

I.R.E., 19, 78-162; January, 1931.
Characteristics of various rectifier circuits and factors governing their selection are

given. It is pointed out that in general, the double 3 -phase circuit is mostdesirable from
the standpoint of transformer and tube capacity requirements for mercury pool type
tubes, and the 6 -phase single Y for hot cathode mercury vapor tubes or high vacuum
tubes, but that other factors may make other circuits more desirable, for particular
cases. Data are given for 3-, 4-, 6-, and 12-phase rectifiers using T -connected transfor-
mers, so that fewer transformers are required.

621.374.6 Zickner, G. and Pfestorp, G. Thermowattmetrische Verlustmes-
X R264.1 sungen an grossen Kapazitaten. (Measurement of the losses in large

condensers by means of a thermowattmeter.) Elektrotechnische Zeit-
schrift, 52, (No. 49), 1681-84; December 4, 1930.

After discussing the principles underlying the theory of the thermowattmeter, the
method of its application to the measurement of the losses in large condensers is given.

621.388 Ives, H. E. A multichannel television apparatus. Jour. Opt. Soc.

X R583 of America, 21, 8-19; January, 1931. Bell Sys. Tech. Jour., 10, 33-
45; January, 1931.

Television images of extreme fineness of grain may be achieved by (1) extension of
the frequency band used or (2) by the use of several relativejy narrow frequency bands.
After considering the relative merits of both methods, the author describes experimental
apparatus based on the second method.

621.388 Ives, H. E. Television in color from motion picture film. Jour. Opt.

X R583 Soc. of America, 21, 2--7; January, 1931.
A description of the apparatus for achieving television in colors by a beam scanning

method is given. A single scanning disk is used at each end as for monochrome work and
colored motion picture film is used at the transmitting end.
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Pession, Giuseppe: Born May 30, 1881. Educated at Royal Naval Acad-
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Engineers, 1929.



MOULDED -END CONTACTS

IMPROVED WINDING FORMS

HIGH GRADE and LARGER WIRE

THESE and other features give I. R. C. units a vast
superiority over ordinary wire wound resistors.

The winding forms are of non -hygroscopic ceramic,

having high insulation qualities, mechanical strength

and low coefficient of expansion.

Moulded end contacts, exclusive with I. R. C. Resis-

tors, insure positive connection at the terminals. No

contact resistance, no loose connections, no noise.

Alloy wire, of highest grade and largest size consistent

with resistance value, used exclusively. Special insulation

process eliminates breakdowns and shorted turns.

I. R. C. Wire Wound Resistors meet all needs of mod-

ern electrical equipment. Folder quot-
ing prices and ranges mailed on request.

INTERNATIONAL RESISTANCE
COMPANY

2006 Chestnut Street, Philadelphia

WW1
MF4 1/2

PRECISION wire t"und RESISTORS
made by the makers of

RESISTORS
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Smooth, Noiseless
The new Frost -Radio No. 20 Series Wire -
Wound Volume Controls are the result of
eleven years of manufacturing experience and
research, and represent the very highest de-
velopment we have yet seen in smooth, noise-
less action.

The variable contactor used in our No. 20
Series makes two separate and distinct line
contacts with the resistance element. Each of
these is 3/32" in length, or a total line contact
of 3/16". The contactor is made in the form
of a shoe with two runners, each 3/32" in
width. As the runners are in vertical align-
ment with each other both can make contact
with the same turn of wire simultaneously.
However, when this condition exists and
the arm is moved slightly, one runner, due
to the pitch of the winding, contacts with
the next turn of wire one-half turn ahead of
the other runner. This cuts down the resis-
tance steps to one-half the resistance of one
turn of wire, giving the same result as though
the winding strip contained twice as many
turns of wire. Every fraction of an inch that
can be added to the effective length of the
resistance element improves both the quality
and the durability of the control, as it then
becomes possible to employ more turns and
larger wire. To obtain the maximum number
of turns of wire on our strips we utilize the
smallest possible spacing between turns that
will give the required resistance value. For
example, on a strip wound with .002" wire,
there is but one ten -thousandth of an inch be-
tween turns. Such a strip has 466 turns of wire
per linear inch of wound strip. With the con-
ventional type of contactor, variations in the
height of the adjacent turns of wire no greater

than five ten -thousandths
of an inch higher or lower
than adjoining turns will
produce serious noise. The
contacting runners of the
No. 20 Series Controls are
pulled along their raceways
with an action similar to
drawing a sled. This action
is reversible, so that the

runners are never
pushed. As the
spring tension is

No. 20
Series
Single

Control

No. 20 Series
Single Control

with A C.
Switch

No. 20 Series
Tandem Unit
with A. C.

Switch

No. 20 Series
Tandem Unit

applied midway between the two runners,
equalization of pressure is automatically ef-
fected by the compression type helical spring.
By contacting on the inside of the strip these
runners have an area in contact with the wire
many times greater than when contacting on
the edge of the strip in the conventional
manner. This reduces the contact pressure
per square inch of area to a mere fraction of
what has been past practice, and at the same
time gives a contact pressure -several times
greater than that employed in old style rheo-
stats. Danger of cutting and scoring between
the contactor and wires is reduced to a
negligible quantity, and a lower contact re-
sistance than has ever before been possible in
commercial units of this class is obtained.

Dirt, fragments of metal, or other foreign
bodies on the raceway of one runner cannot
prevent other runner from making positive
contact with the element less than one-half a
turn of wire away from the point where the
contact is impaired, insuring against a high
resistance or broken contact with the resis-
tance element. Thousands of tests have proved
that this type of contactor is noiseless even
when the winding is fouled with dirt, dust,
etc., sufficient to render any of the conven-
tional types of volume controls noisy and
unusable. Fatigue tests show that our No. 20
Series Controls can be depended upon for
1,000,000 complete rotating operations without
trouble of any kind developing.

Our No. 20 Series Controls are completely
enclosed in dust -proof cases. Extreme care is
taken to keep foreign substances from
getting into the resistance chamber during
manufacture.

The high resin -content bakelite strip used
in Frost -Radio No. 20 Series is made espe-
cially for our own use. This, plus our lubri-
cating system which entirely surrounds the
strip and all insulations with a neutral oil
film, positively insures against loose wires or
changes in dimensions of the insulated parts.
Shaft material is needle bar steel ground to
plus or minus .0005", rotating in a reamed
brass journal. A. C. switches may be mounted
on either single controls or tandem units.
These switches occupy less than half the usual

number of degrees of move-
ment, giving an increased
length of effective resistance
element. Separation of driv-
ing arms in tandem units re-
duces capacitance to a negligi-
ble quantity, while our driving
coupler used in these units
provides universal joint ac-
tion and thus eliminates bind-
ing and rough running.

FROST -RADIO
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Actiofl!

Practical experimenting with this new type of unit, illustrated in

detail above, began early in 1930 and tests have been carried on
continuously for more than twelve months in order to thoroughly
prove -in the principles involved in its design and construction.

We invite engineers to send us specifications, upon receipt of which we
will gladly send samples for experimental and test purposes

CHICAGO TELEPHONE SUPPLY CO.
HERBERT H. FROST, Inc.

SALES DIVISION
General Offices ELKHART, INDIANA and Plant

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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FOR VALUE ECEIVED

A GREAT MANY PEOPLE will tell
you that the biggest single service
that five cents can buy today
is a local telephone call. Without
question, it is big value . . .

and value that steadily grows
as new telephones come into
your neighborhood.

There are times when tele-
phone service is priceless . . .

when the ability to call instantly
a doctor, a policeman, or the fire
department could not be mea-
sured in terms of money.

But it is not alone the emer-
gencies that give the telephone
its value. There are the common-
places of every -day conversation
. . . in the home, the shop, the
office . . . whenever you wish
two-way communication with any
one, almost anywhere.

The telephone has become such

an every -day, matter-of-fact con-
venience-like running water and
electricity-that it is natural to
take it for granted. It is well to
pause occasionally and consider
the nation-wide organization of
men, money, and materials that
makes this vital service possible,
and at such low cost.

Here is a system of the public,
for the public . . . run on the bar-
est margin of profit consistent
with service, security, and expan-
sion. A service that grows as the
community grows . . . placing
within the reach of an increasing
number the means to talk back
and forth with people in the next
block, the next county, a distant
state, a foreign country, or on a
ship at sea!

No other money that you spend
can bring you more actual value.

* AMERICAN TELEPHONE AND TELEGRAPH COMPANY *

Whets writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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o

ROLLER

Control

-SMITH

Panels

o

o

Roller -Smith Instruments

Air and Oil Circuit Breakers

Relays

o

o

0

Slate of highest quality or Ebony Asbestos

or Stretcher -Leveled Sheet Steel

o

o

Highest Grade Switchboard Wire

BusbarsHigh Conductivity Copper

Best Bus Supports Obtainable

o

o

0

Transformers, Disconnects, Watthour Meters

Special Relays, Instrument Switches,

Knife Switches and Fittings are all of the

First grade as made 6y leaders in these lines
0

o
40 YEARS EXPERIENCE

Send your control panel specifications to Roller -Smith

Electrical Measuring and Protective Apparatus
...s

Main Office:
2134 Woolworth Bldg.

NEW YORK

Works:
Bethlehem,

Pennsylvania

Offices in principal cities in U. S. A. and Canada

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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AMERTRAN
SOUND SYSTEM PANELS

Long recognized as typifying the
"Standard of Excellence" in audio
products, the Amertran line now in-
cludes a wide assortment of standard
panels designed to fill every require-
ment for complete sound systems.

Amertran panels are so constructed
that they may be assembled on racks
in various combinations for every pur-
pose. They are the best that engineer-
ing genius can produce with the
finest of materials and workmanship.

Before placing these Sound Systems
on the market, months of research
were spent in perfecting them, and
thousands of panels were built for
special applications-tested for true
fidelity and satisfactory service, both
in the laboratory and in actual in-
stallations.

Bulletin iioo gives complete information and illustrations
of Standard Amertran Panels. Write for it on your
business stationery, and send specifications of your par-
ticular problem. Our engineering staff is at your service.

AMERICAN TRANSFORMER COMPANY
179 Emmet Street, Newark, N. J.

Suggested Pancl Layout No. 7. Representatives in following cities(For Undistorted Outputs of za.5 Watts) Atlanta Boston Chicago Knoxville - MinneapolisMontreal Philadelphia San Francisco St. Louis

AMERTRAN
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Rigid Performance Requirements
are constantly being met by

"CARDWELL condensered" equipment.

In Commercial Service, in Broadcasting and Amateur Stations
large and small, on the Airways, with the Army and Navy,
CARDWELL variable condensers are daily vindicating the
judgment of designers who expected much of CARDWELL
condensers and find their faith justified by fine, consistent
performance.

As with condensers, so with CARDWELL built -to-order ap-
paratus. Manufactured with scrupulous exactness, CARDWELL-
built instruments meet every requirement of a discriminating
clientele.

Concerning Condensers,

THE-'N,, NEW

FEATHER.WE Or -IT

CONDEN\ SER
Recently announced by Cardwell is compact, small, light (weighing from 4 to 7

ounces). It is admirably adapted for use in aircraft receivers and for transmitters
using up to 75 watt tubes, for portable sets and for neutralizing capacitors in inter-
mediate stages of vacuum tube transmitters. The CARDWELL line comprises many
other types of condensers, large and small, for transmitting and receiving. Send for
literature.

CARDWELL CONDENSERS
AND

MANUFACTURING -SERVICE

The ALLEN D. CARDWELL MFG. CORP'N
93 Prospect Street, Brooklyn, N.Y.

"THE STANDARD OF COMPARISON"

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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PRECISION
FILAMENT

(Uncoated)

for
Radio

Vacuum
Tubes

Scientifically controlled-
chemically, physically

and electrically

A PRODUCT OF

SIGMUND COHN
44 Gold Street

New York

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Licensed under
Loftin -White and
R.C.A. patents

Electrad
C-250

Amplifier
Provides 10.35
watts undistorted
output with in-
put volts .3.
Utilizes one 224.
two 250 and two
281 tubes. Com-
pletely assem-
bled only, $135.00.

Three New
ELECTRAD Amplifiers

(High Quality at Low Cost)
Using the Perfected Loftin -White

Direct -Coupled System
EVERY modern power -amplifying re-

quirement is met by these three new
Electrad developments.

Using the perfected Loftin -White Direct -
Coupled System, the highest quality of out-
put is attained, at low initial and maintenance
cost.

The simplicity of these amplifiers makes for
compactness and the use of fewer parts-
hence low service costs.

They are readily adaptable to all usual re-
quirements of sound amplification from mi-
crophones, phonograph pick-ups, radio tuners
-in fact, wherever high amplification with
fine tone quality is required.

Electrad designed and built, these amplifiers
have back of them Electrad's world-wide
reputation for high standards of components
and workmanship. Let our Engineering De-
partment co-operate with you in adapting
these amplifiers to your special needs.

Mail Coupon for complete new
ELECTRAD Catalog, 36 pages
of Helpful Radio Information.

175 Varick. St New York. N.Y.

I-ELECT

Electrad A-250
Amplifier

Provides 4.6 watts undistorted
output. Utilizes one 224. one
250 and one 281 tube. Com-
pletely assembled only, $87.50.

Electrad A-245
Amplifier

Provides 1.6 watts undistorted
output with one 224. one 245
and one 280 tube. Com-
pletely assembled $40.00, or
in kit form $35.00.

ELECTRAD, INC., Dept. P-3,
175 Varick St., New York, N. Y.

Please send copy of complete new
ELECTRAD CATALOG. Enclosed
10c (stamps or coin) for mailing
cost.

Name

I Address

City State-------------J

1

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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ESCOMotor-g enerators

"Fit" the application "Fit" the power supply

Motors-Generators-Dynamotors-Rotary Converters

Designed  Developed  Manufactured
Quick Delivery  Low Priced

"ESCO" Is a company where "Special" does not mean "soak 'em" or "Let 'em wait." Be-
cause for twenty years "ESCO" has specialized in the "Special." "Special" voltages, fre-
quency, speed, and mechanical design is the objective of our equipment and organization.
OUR EXPERIENCE IS BROAD. Below is a list of some of the special applications of our
motors and generators, manufactured during this last December.

Telegraph
Airplane dynamotors
Wind driven generators
Portable gasoline units

Speed reducers
Ventilators
Telechron resetters
Automatic chucks

Arc lamps
Anti -corrosion
Oil burners
Automatic whistle

Knitting mills
Printing press
Electro plating
Remote control

Radio beacons Recording instruments Ore -vibrators Movie camerasRadio transmitters Elevator door control Organ generators Aerial cameras
Television Elevators Hoists Cloth cutting
Talkies Flexible shafts Freight trucks Coin countersRadio receivers Riveters Temperature control Pneumatic Valves
Automobile radio Gasoline pumps Polishers Valve grinders
Valve control Bottle washers Stock quotations Theater dimmersWater tight doors Phase shifters Sun lamps Cup vending
Pianos Frequency changers Bookkeeping unit RefrigeratorElectric indicators Hair dryers Forced draft Automatic stoker

Weaving

Why not profit by our long experience? Up to date equipment and practical
They are all at your disposal. Write us for bulletins or information.

isiLECT

300 South St.

engineering talent.

11

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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Rich coil experience

Rich wire experience

Unite for your Benefit

Under General Cable, the wire

and cable making experience of

many manufacturers is united to

form a fund of wire knowledge

that is unique. Every improved

process or material known to any

of the organizations affiliated

in General Cable is used by all.

To this fundamental advantage in

the making of wire is added the

combined experience of Dudlo,

Rome and others in the produc-

tion of coils.

Beginning with the copper bar,

and ending with the final test,

inspection and packing of the

finished coils, every step repre-

sents highly developed present-

day technique. There it does not

rest. For leadership can not rest,

and continue to be leadership.

Therefore, in well-equipped lab-

oratories every physical, chemi-

cal and electrical factor that ap-

plies to coils is subject to further

scientific search for improvement

or economy.

Coils purchased from General

Cable carry with them the assur-

ance that you have the best that

science, skill and extensive man-

ufacturing facilities can produce.

GENERAL CABLE CORPORATION
420 LEXINGTON AVENUE, NEW YORK OFFICES IN PRINCIPAL CITIES '

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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Individually Tested
ISOLANTITE now offers a new series of aitenna
Iinsulators for the suspension of structures of the

heavier types. These insulators are designed not
only to support greater loads but to pro-

vide a longer insulating path be-
tween fittings to give greater

protection against
electrical leak-

age and
flash-

Insulator
Number

No. 752

Spacing "L''
( Diameter 15:. )

12 inches

Leakage
Length

8 inches

No. 753 16 inches 12 inches

No. 754 20 inches 16 inches

No. 755 24 inches 20 inches

Ultimate Strength 6.000 Poutula

SALES OFFICES
551 FIFTH AVE., NEW YORK CITY

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Antenna Insulators
over in the high voltage network. The insulators
listed herewith are given individual load tests before
shipment, a feature of added interest to those
demanding the utmost in mechanical
reliability. Full technical details
and quotations will be
made available to all
radio engineers
upon re-
quest.

*756 #757 N *758 #759

No. 756 13 inches

Leakage
Length

8 inches

No. 757 17 inches 12 inches

No. 758 21 inches 16 inches

No. 759 25 inches 20 inches

Ultimate Strength 9,000 'ono&

FACTORY
BELLEVILLE, N. J.

+,*

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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What's the
BIG Idea

for 1931?
THE BIG idea for radio manufacturers in 1931 is to

provide additional useful sales features, so that sales
will be easier.

Competition is keener than ever. Therefore the more
talking points your receiver has, the easier it will sell.
AMPERITE Line Voltage Control solves one of radio's
biggest problems. It makes a set operate in every locality
as you intend it to operate. It makes your precise labora-
tory specifications mean something to the user in improved
performance. That's the BIG idea.
AMPERITE reduces free service and lowers set upkeep
costs. It smooths out volume and insures uniform quality.
It saves tubes and protects power equipment.
It gives your dealers something BIG and NEW to tell their
customers about and close more sales of your sets.
AMPERITE automatically regulates line voltage varia-

tions up or down, between 100
and 140 volts, to exact require-
ments.

It is easily included in chassis de-
sign without increasing chassis
cost. Or it can be installed in
five minutes in any electric radio
not originally equipped for it.

Mail COUPON for
full information

and AMPERITE Set Chart

AMPERITE
Self Adjusting

LINE VOLTAGE CONTROL

OM MI MI MI INN 1=1 MI MI =I 111

1=
Dept. PE -3 661 BROADWAY. NEW YORK

I Please send Amperite Tube Chart, in-. stallation instructions and technical data to
Name

Address

7WPERITE CCLallon

When writing to advertisers mention of the PROCEEDINGS Will be mutually helpful.
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Insured Profit
if it's of Polymet Quality
Radio manufacturers throughout the world are
learning more and more of the profit resulting
from the use of Polymet radio parts.

Manufacturers, dealers, and users profit by
the use of Polymet quality products. The manu-
facturer builds a profitable and satisfied trade,
the dealer's sales are more easily made and the
user gets more service and value for his money.

Polymet Quality Products include:
PAPER, ELECTROLYTIC and MICA CONDENSERS . . . RESISTANCES
. . . COILS . . . MAGNET WIRE . . . VOLUME CONTROLS . . .

TRANSFORMERS and SOUND EQUIPMENT PARTS.

POLYMET
Manufacturing Corporation
829 East 134th Street, Now York City

41 West Avenue

Canadian Representative

WHITE RADIO, Ltd.
North Hamilton, Canada

Representative for the British Isles

A. H. HUNT, Ltd.
Tunstal Road, Croydon, Surrey, England

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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COMPARE
AND THEN

DECIDE ON
ACRACON

rr HE inverted electrolytic construction principle featured in the Acracon
1 Electrolytic Condenser was pioneered by the Condenser Corporation of

America. Although the design of our unit has been copied by other manu-
facturers, comparison of the Acracon Condenser and any other make will
quickly prove Acracon's superiority in both construction and electrical effi-
ciency.

Consider these advantages. No moulded threads to strip in production.
Better contact area with chassis, through both nut and the container itself.
No loss of electrolyte, regardless of the amount of pressure on the nut. Con-
tact made below chassis, eliminating wiring above the chassis.

Acracon Electrolytic Condensers are now available in capacities of 8 mfd.
or 16 mfd., 440 volts peak, in the same containers. The 8 mfd., unit can
also be supplied formed for 475 volts peak. Write today enclosing your
specifications.

*All Acracon Features Are Protected by Patents Pending

Condenser Corporation of America
259-271 Cornelison Ave. Jersey City, N. J.

Chicago
Cincinnati

Factory Representatives in:
St. Louis

San Francisco
and other Principal Cities

Los Angeles
Toronto

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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9AotorRoN

UY 227

RADI0TRom

11)1227

11"111-11

Evolution)
THE public little realizes the intensive and con-

tinuous activities carried on by the RCA
Radiotron Company in developing and manu-

facturing RCA Radiotrons. A few of the hun-

dreds of experiments devoted to the design

and improvement of tubes are indicated by the

accompanying illustration of the standard

UY-227. Any individual RCA Radiotron

might have been used to equal purpose.

Each tube in the group has been the sub-

ject of an experiment or a combination of

experiments with a view toward meeting re-

quirements of design; such as .... maximum

operating performance .... hum- and noise -

free operation ... quicker heating ... rugged,

non-microphonic construction.

Constant improvement enables the RCA

Radiotron Company to maintain its forward

position in the general progress of the radio

industry.

RCA RADIOTRON COMPANY, INC.
HARRISON, NEW JERSEY

A Radio Corporation of America Subsidiary

RCA RADIOTRONS
THE HEART OF YOUR RADIO

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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EVERY
RE S U RCE

01
undllilitovnity/

THE FORMICA organization is
well equipped to give the electri-
cal and radio industries prompt

service on high quality insulating ma-
terial.

It has the largest equipment for pro-
ducing and fabricating materials of this
kind in the country. It has a well
equipped and competently manned
laboratory for the control of produc-
tion and the development of new and
better formulas.

For 18 years it has specialized on
just one product. During most of that
time it has served some of the leading
American technical organizations.

THE FORMICA INSULATION COMPANY
4638 Spring Grove Avenue, Cincinnati, Ohio

ORM ICA.
Made from Anhydrous Bakelite Resins
SHEETS TUBES RODS

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Only the Bradleyometer

THE
Bradleyometer is a distinctly new type of

potentiometer, unusual in design and marvelous in
performance Approximately fifty solid resistance
discs ore interleaved between thin metal discs. A con

tact arm moves from one end of the resistance column

to the other.

The resistance value of each disc is separately
controlled and the total number of discs can be ar-
ranged in accordance with any resistance-rotation
curve desired. No other type of resistor offers such
flexibility in the variation of resistance so essential

in modern electronic tube circuits.

Brad leyunits
are made in
fivesizeswithor
without tinned
leads. All
units are color -
coded to meet
set manufac
hoer,' specifi-

cations.

BRADLEYUNIT RESISTORS
FOR ALL APPLICATIONS

Bradteyunits are solid molded resistors unaffected by
temperature, moisture or age. Their accurate calibration,

great mechanical strength and permanence make them

ideal for providing correct C -bias, plate voltage, screen
grid voltage and for use as gridleaks and as fixed resistors

in resistance coupled circuits.

can achieve these results!

Type AA
Double

Bradlevorneter

Type AAA
Triple

Bradleyometer

One or more Bradleyometers can be arranged
to operate with one knob. Each Brodleyometer has its
own resistance characteristic as shown in the diagram
above. In this manner, mixer controls, T -pad and
H -pad attenuators and other complex controls can
be provided.

The extraordinary performance of the new
Bradleyometer, its silent operation, and its unlimited
adaptability con be appreciated only by installing
a Bradleyometer in a test circuit. Samples will be
gladly furnished to set manufacturers.

BRADLEY SUPPRESSORS
FOR RADIO -EQUIPPED CARS

These special solid molded resistors are now used by
prominent car manufacturers to provide individual resistors
for each spark plfg and for the common cable to the dis-
tributor on radio -equipped cars. They increase the resist-
ance of the high tension ignition system and minimize

the disturbing oscillations in the ignition circuit which
interfere with the radio receiver in the car. When used

with suitable by-pass condensers In other parts of the
circuit, shielded ignition cables are unnecessary. They do
not affect the operation of the motor.

For complete information on Allen-Bradley Resistors

address
ALLEN -BRADLEY CO.

116 W. Greenfield Ave. Milwaukee. WI&

ALLEN -BRADLEY RESISTORS
Produced by the makers of Allen-Bradley Control Apparatus

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Simplifying 1931 circuits ...
NEWVARIABLE-MU TUBE
THE constant quest for improved, yet simplified circuits
never ends for radio engineers.

Now, for 1931 receivers, Arcturus presents the new
Variable -Mu Tube, Type 551. This tube contributes
vital advances of great interest to set engineers ... vastly
improving operating efficiency of any receiver and mak-
ing possible definite economies and simplification of the
circuit arrangement.

The Arcturus Type 551 Tube renders unnecessary
the use of double pre -selectors, dual volume controls,
and eliminates the necessity of a "local -long distance"
switch.

This new Variable -Mu tube permits distortionless
operation with signal input voltages approximately 25
times greater than with present-day tubes and extends
the range of automatic and manual volume controls by
this factor. It divides maximum cross -talk by five hun-
dred. And it effects a marked reduction in receiver
"hiss."

This is accomplished by a new principle in construc-
tion whereby the current -voltage characteristic is spe-
cially shaped so as to reduce the higher -order para-
meters responsible for distortion and cross -talk.

A special technical bulletin on the Arcturus Type 551
Variable -Mu Tube will be sent to manufacturers, engi-
neers, and all others interested in this new development.

ARCTURUS RADIO TUBE CO., NewarkiNI.

Licensed under patent applications of
Boonton Research Corporation

CTU MS
RADIO TUBES

"The TUBE with the LIFE -LIKE TONE"
©A. R. T. Co.:1931

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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To the Board of Direction
Gentlemen:

Zrbe ltustitute of Reath) Crtgineerfs
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)

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 he: (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 are

personally familiar with his radio interest.

XXXIII



(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 Professiona! 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 Advised of Election This Record Filed
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What
a Whale of a Difference

a Few Cents Make
to paraphrase this popular slogan, CENTRALAB
Volume Controls do cost more.

But it is hardly possible to build for less a control
that embodies the exacting specifications, the pains-
taking care, the fine engineering skill that make
CENTRALAB CONTROLS a necessary part of
millions of modern radios.

When dealers predicate the purchase of a line with
a definite demand that it be CENTRALAB
equipped, it is safe to assume that "such popularity
must be deserved". More than twenty million

Volume Controls
have been built-a real tribute to quality-
a splendid testimonial to the desire of the
radio set manufacturer to give their public
the best.

L.
- -=-----=:----,.."

' 1111111111111111111111

...N. v.,.»..-,"" 1U

H
\\\N\\ 41-(i lifii1 iii;,

. Allib0111110°

I711-
CENTRAL RADIO LABORATORIES

942 Keefe Ave., Milwaukee, Wis.
Enclosed find 25c for which send
VOLUME CONTROL GUIDE.

me new

Name

Address

City State
I.R.E.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Approximately
actual size

A New Hammarlund
Condenser for Tuning
Intermediate -Frequency
Transformers

HAMMARLUND quality clear through in a rugged tun-
ing condenser for use where only the best is good

enough.

Strong Isolantite base designed for mounting inside of the
intermediate transformer shield. Adjustment screws for pre-
cise tuning of both transformer circuits.

Self -aligning, phosphor bronze, adjustable spring plates, and
the highest grade mica insulation. Plates firmly anchored by
double rivets with shock -absorbing guard. Condenser will
not change in resistance or capacity under any condition of
humidity, temperature or vibration. Slotted gripper solder -
dipped terminals.

Efficiency of design proved in actual service. Materials the
best obtainable. Thoroughly tested for break down.

Three ranges obtainable in single (code I C S) or dual
(code I C D) models. 10 to 70 nunf.-70 to 140 nunf.-140
to 220 mmf.

Mail coupon for sample and quotations S°
41 CP

, o ct-
.,

aoi_pazicuit Radio. 41,41 >
.

.

.4 4

amm riund cvy .. .

P FtEC/S /ON ; ,e4,
do' . 0 . .

PRODUCTS
%-1-4-\1464 0" 0  

+96 to,eS.7" 84(

When writing to advertisers mention of the PROCEEDINGS
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Piet® Electric Crystals
"The Standard of Comparison"

When in the market for Accurately Ground Piezo

Electric Crystals suitable for POWER USE,

write us stating your requirements and our seven

years of experience in this specialized field will be

at your disposal.

Our prices for grinding these crystals are not the

cheapest, but we believe our product to be second

to none considering output and accuracy of fre-

quency.

"A Trial Will Convince You"

Scientific Radio Service
"The Crystal Specialists"

P.O. Box 86 Mount Rainier, Maryland

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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ADJUSTABILITY and
PERMANENCE

Effectively Combined for
STABLE CIRCUIT

OPERATION
Advances in radio receiver and

oscillator circuits have necessitated
the development of semi -variable
condensers of an order of excel-
lence far exceeding the elemen-
tary devices of the early ganged
tuning condenser era.

The DeJur-Amsco Varitor is
designed to fulfill the following
requirements of the semi -variable

or "fixed variable" capacitor in modern radio frequency and super -het circuits:
1. Adequate variation in capacity.
2. Adequate total capacity.
3. Permanence of adjustment, preferably secured by locking.
4. Rapid but micrometric adjustment.
5. High electrical efficiency.
6. Adaptability to production specifications and methods.
7. Absolute guarantee against mechanical or electrical fault requiring replace-

ment.

Write for circular giving complete specifications.

MULTIPLE VARIABLE
CONDENSERS FOR
STANDARD AND

MIDGET RECEIVERS
Each size made in one capacity.
Available in 2, 3, 4 and 5 gang
units.
Write for engineering data and
working drawings. Send us your
specifications and let us quote.

Samples on request.
We Also Make Special Condensers

for Automobile Radios and
Portable Receivers

44,

(//7/7/ Ill f
Ar

so

U SCO CORPORATION
VallfOr .-Variable Condensers-Power Rheostats

95 MORTON ST., NEW YORK CITY

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Self *-cycling

TIME DELAY RELAY

-\-,-, - s-xrz wz1
cr 0 ,,_

POTENTIAL- --- a

lZ t4 -ii-1611114\
0.0

--,-,-,. ..I .., 4 al

z4

O

060..sec°
SET the time delay . . .

for example . . . at 3 0 seconds
CLOSE the circuit . .

starting the cycle of operations
OPEN the circuit . . .

before the 3 0 seconds has elapsed .

stopping the cycle of operations
RESTART . . . and the original setting

of 3 0 seconds has not been shortened

Send for information on this
and other Ward Leonard relays.

WARD LEONARD ELECTRIC Co.
MOUNT VERNON, N. Y.

When writing to advertisers mention of the PROCEEDINGS Will be mutually helpful.
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1931 Radio Receiver,O
is aided by thin new...

SPRAGUE
Inverted Type

E I ed-rolyfir,
Co NDE NS ERS

pacity
, MFD

Voltage
130 DC
u Negati%

4.4

,rq1, ',if, re
PRAGUE ELECTROLYTIC CONDENSERS were the'',,

LI dominant choice of radio engineers in 1930. They were
specified for more radio sets, used by most manufacturers.
The great improvement represented by the new Sprague
Inverted Type Electrolytics is sure to be reflected in an in-
creasing use in 1931.
Let our engineering department co-operate with you in the
design of filter circuits.
Write for illustrated folder and complete catalog of Sprague
Electrolytic and Paper Condensers.

Department 13-H
SPRAGUE SPECIALTIES COMPANY

North Adams, Mass.

SPRAGUE
gieffraLy.tLe_ CONDENSERS

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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BUILT BETTER
CONDENSERS AND RESISTORS

The Aerovox Hi-Farad
Dry Electrolytic Condenser

Low Cost
Self -Healing

High Capacity
500 Volts Peak

DRY!

Free!
Universal mounting ring permits
mounting of condensers in any posi-
tion, upright or inverted.

This Book Giving the Latest and
Most Complete Information on
All Electrolytic Condensers Sent
Free on Request.

Aerovox Wireless Corporation
80 Washington Street
Brooklyn, N. Y.

Please send me, without charge or
obligation, a copy of your book, "The
Hi -Farad DRY Electrolytic Condenser."

Name

Address

City State
L

iNgt9.1_10)-(

HI -FARAD
Dry Electroly tic Condenser

Low Cost
Self -Healing

High capacity

500Va1ts Peak

AEROVOX WIRELESS CORP.
80 Washington Street, Brooklyn, N. Y.

PRODUCTS THAT ENDURE

U'hen writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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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

(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 not my mailing

address:
(Title)

(Company Name)

(Address: Street, City and State)

PLEASE FILL IN, DETACH, AND POST TO THE
INSTITUTE PROMPTLY

XLIII



Back Numbers of the Proceedings,

Indexes, and Year Books Available
MEMBERS of the Institute will find that back issues of the Proceed-

ings are becoming increasingly valuable, and scarce. For the benefit
of those desiring to complete their file of back numbers there is printed be-
low 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 members
Vols. 17 and 18 (1929-1930), $9.50 to members

UNBOUND VOLUMES:
Vols. 6, 8, 9, 10, 11, 14, and 16 (1918-1920-1921-1922-1923-1926-1928),

$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 December
Vol. 7 (1919) February, April and December
Vol. 12 (1924) August, October and December
Vol. 13 (1925) April, June, August, October and December
Vol. 15 (1927) April, May, June, July, August, October, Novemberand December
Vol. 17 (1929) January, February, March, April, May, June, July, August,

September, November and December.
Vol. 18 (1930) April, May, June, July, August, September, October, No-vember 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 bimonthly, beginning with
the February issue and ending with December. Since January 1927 it has
been published monthly.

MEMBERS will also find that our index and Year Book supplies are
becoming limited. The following are now available:

FOURTEEN YEAR INDEX
The Proceedings Index for the years 1909-1926 inclusive is available to
members at $1.00 per copy. This index is extensively cross indexed.

YEAR BOOK
The 1931 Year Book is available to members at $1.00 per copy. ThisYear Book includes the 1930 Standardization Report,-an -up to the
minute" report on the most recent standardization information available.
Make remittances payable to the Institute of Radio Engineers and send
orders to:

THE INSTITUTE OF RADIO ENGINEERS
33 West 39th Street

NEW YORK CITY, N. Y.

X1.1'



YOUR NEW PROBLEM   
and ITS SOLUTION!

WITH home recording promising to be an outstanding
feature of next year's radio receivers, the problem of

HUM is more serious than ever.
Even a slight hum not noticeable in radio reproduction

will, when recorded and augmented through reproduction,
make itself heard with sufficient volume to prove disagree-
able. In this modern day of radio, hum is not to be tolerated

in radio or phonograph reproduction.
For more than twenty years, Pacent engineers have con-

cerned themselves exclusively with problems relating to
sound amplification. That's why Pacent amplifiers are the
best in the field today.

A standard two stage Pacent Amplifier, Cat. No. 2245M

(without input transformer) employing one 227 and two
245's in push-pull has a hum level of 23 DB below its maxi-

mum output rating. This same amplifier will provide 4.3

watts undistorted power output and has a voltage gain at

1000 cycles of 31 DB with 3.8 volts input. These figures are

not theoretical calculations. They are the result of actual

measurements made with a stock amplifier.
A Pacent Amplifier, the 170 Recordovox and the 107 Hi -

Output Phonovox make a remarkable combination for

recording and reproducing. With this apparatus, it is

possible to assure professional results.
The Recordovox and Phonovox are available in special

manufacturers' types. Write for additional information.

PACENT ELECTRIC COMPANY, 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.

IDACIENT
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Locks Tight with Only
One Half lfurn

Type 12. Internal
For

S. A. E. and Standard
Machine Screws

Type 11. External
For Standard Bolts

and Nuts

Type 15. Countersunk
For all Countersunk

Screws

Type 20
Locking Terminals

For Radio
and Electrical Work

WHEN speed on the production line
counts- Shakeproof always wins.

After the nut comes against the washer,
it only takes one half turn to lock it home.
This means many minutes of precious
time saved and thousands of dollars for
hundreds of manufacturers.

What's more, Shakeproof never lets go
-because the twisted steel teeth bite into
both the nut and work surfaces and only
applied pressure can release their hold.
Their positive locking method is Vibra-
tion's greatest enemy and adds years of
perfect performance to any product.

Test Shakeproof Now! See for yourself
how it solves your locking problems.
Free samples of any type or size desired
will be gladly furnished on request.
Write for a supply today!

U. S Patents S}IAKEPROOF 441.1,419.564

1,604.122

1,697,954 LockWasher Company,,782,381
Other patents

pending. 'It's the
Foreign patents, (Division of Illinois Tool Works) Twisted

Teeth2529 N. Keeler Avenue, Chicago, Ill. that LOCK"
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Service Manuals Should Specify

these up-to-date methods . .

1 -"Test All Circuits

With an Analyzer"
Too often design engineers are criticized for poor set

performance that is really due to faulty adjustment by service-

men. Minor troubles, that could be easily remedied by
proper servicing, are the cause of friction between engineer-
ing and sales organizations.

The Jewell Analyzer provides the most modern and thor-
ough -going method for radio receiver servicing. Assure this
modern service for your set. Specify the Jewell Analyzer in
your service manuals and include analyzer test data.

2 -"Make Adjustments

With an Oscillator"
Inaccurate adjustments of radio frequency circuits by

servicemen often make worthless the most advanced receiver

design. Service adjustments on radio frequency circuits can
be made more accurately and in less time with a radio
service oscillator.

The Jewell Pattern 560 Radio Service Oscillator meets the
requirements of radio service work. It has two frequency
ranges, 550-1500 K.C. and 125-185 K.C., for servicing both
tuned radio frequency and super-heterodyne receivers.

Protect the performance of your receivers by specifying in
your service manuals that radio frequency circuit adjustments
be made with the Jewell Radio Service Manual.

The Jewell organization cooperates with radio engineers in
preparing service manuals. Information and illustrations will
be furnished concerning radio servicing methods, the use of
analyzers, test oscillators and tube checkers. This service is

available without obligation. Write today.

Jewell Electrical Instrument Co.

1642-D Walnut St., Chicago, Ill.

MAKING

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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I r

P
D
L

of Lansing
DROGRESSIVE Lansing believes

in adequate police protection.
Station WPDL, the nucleus of its
DeForest police radio alarm system,
has an unfailing service range of 8
miles, fully covering the municipal-
ity. The standard DeForest 50 -

watt single -panel transmitter and
speech amplifier, 100% modulated,
feeds a doublet antenna suspended
from City Hall tower. The 511 and
545 Transmitting Audion filaments

operate at full temperature through-
out daily schedule.
States Chief Seymour:
"With our transmitter now on the
air 16 hours each day, and looking
ahead to a 24 -hour schedule, we must
insist on the best in apparatus and
tubes. Our filaments operate at full
temperature hour after hour. That
we have chosen DeForest equipment
and tubes expresses best our opinion
of their intrinsic worth."

Alter All, There's No Substitute for 25 Years' Experience!

WRITE for catalog on DeForest transmitting tubes for every con-
ceivable purpose. Also do not hesitate to place special transmitting
and receiving problems before our Engineering Department.

DE FOREST RADIO COMPANY, PASSAIC, N.
Export Department, 304 E. 45th Street, New York City, N. Y., U. S. A.

(AU DIONS)

J

RECEIVING

TRANSMITTINGAND TUBES

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Efficient Short Wave Receivers
Must Use Correctly Proportioned

Coils and Condensers
Units Solve the Problem

REL plug-in coils are adaptable to all
circuits. These can be wound with
extremely heavy enamel covered wire
offering rigidity and permanent cali-
bration. A one piece bakelite moulded
properly proportioned coil form is
employed. Positive electrical contact
is always secured by means of the
heavy duty plug-in base.

REL variable condensers are designed es-
pecially for short wave receiver uses. Plates
are well spaced and the entire condenser is
designed so that there is minimum material
in the dielectric field. The main tank con-
denser can be supplied in various capacities.
This unit can be varied and calibrated as
desired. The vernier narrow band tuning
portion of the condenser offers extremely
wide spread of stations. Its maximum
capacity can also be adjusted.

Illustrates the REL Cat. -187E combined tank
and vernier condenser-can be used to obtain
full spread coverage of any desired narrow
frequency band.

Illustrates the REL one-piece bakelite plug-in
coil and base-space wound-heavy enamel cov-
ered wire-positive base contact.

Manufacturers, engineers, designers and operators of commercial and
point to point radio stations write to our Engineering Department.
Full information will be gladly forwarded upon request.

MANUFACTURES A COMPLETE LINE OF
APPARATUS FOR SHORT WAVE TRANS-

MISSION AND RECEPTION

Radio Engineering Laboratories, Inc.
100 Wilbur Ave. Long Island City, N. Y., U.S.A.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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The Green Flyer Motor
unit. Like the larger Blue
Flyer, self-starting, with auto-
matic stop equipment optional.
Spiral -cut fiber gears, long
oversize bearings, open con-
struction and complete venti-
lation. Made to operate on
all voltages and frequencies.
For D.C., either 110 or 220
volts. Like the Blue Flyer,
furnished complete with
mounting plate, turn -table and
speed regulator, as shown.
Responsibly Guaranteed.

In ordering samples,
please give voltage and
frequency.

Service . .
Handling the

job to perfection . .
Flyer
Electrics

MOTORS built to dependably insure the full enjoyment of the
radio -phonograph's highest achievements. Year in and year

out. The popular Flyer Electrics.

They have abundant reasons for most satisfactorily so doing.
Always they have been known for balanced efficiency. Always for
simplicity of design. Always for dependability. Always they have
consistently met every requirement . . . kept right on proving
their superiority.

Only Flyer Electrics have their advantages. Made by a concern
with a quarter century of experience in specialized electrical manu-
facturing coupled with 15 years of leadership in large scale produc-
tion of quality phonograph motors.

Specially designed for radio -phonographs. Used by leading
builders of quality combinations.

711GIENERAL INDUSTRIES CO.
3146 Taylor Street, Elyria, Ohio

Ontario Hydro -
Electric Power
Comm issio n
Approval No.
2685

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



ANNOUNCING...

Dubilier Type 702 Toothpick Condensers
Haven't you long been looking for mica condensers, precision built but at quantity
prices, and which possess the following ideal features,-
(1) A design better than molded condensers.
(2) A development which would insure constancy of capacity during the life of a set.
(3) A very negligible change in capacity over a large tempetature range.
(4) Capacitors of any value between 1 and 2500 micro-microfarads, to meet your

requirements.
(5) And, in DUBILIER standard capacity tolerances of either 1, 5, or 10%.
(6) Available to RCA Licensees-A preferred design for uses in super -heterodyne or

other receivers.

If so, then write us for samples and prices, based
upon your requirements and production quantities.

DubilierCONDENSER
CORPORATION

4377 Bronx Blvd.
New York, N. Y.

When writing to advertisers mention of the PROCEEDINGS will be unitually helpful.
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LYBDENUM WIRE
at its hest

FAHSTEEt
THE BEST

SOURCE

OF
SUPPLY

Whether you make flat or round grids,
in fact whatever fabricating process you
use, the necessary properties are pro-
vided in Fansteel Molybdenum Wire.

Always you'll find Fansteel Molybdenum of excep-
tional purity and exact as to dimension specifications.
It is the result of 12 years' specialization in this field,
most of the time in close cooperative development
work with vacuum tube producers.

As a final check, we make practical working tests in
our laboratory with samples from each lot of metal
before it is shipped.

Standard sizes of wire, rod and sheet are stocked for
prompt delivery. Tell us your problem or require-
ments and we will send you free samples for testing.

FANSTEEL PRODUCTS COMPANY, Inc.
NORTH CHICAGO, ILLINOIS

TANTALUM  TUNGSTEN  MOLYBDENUM  RARE METAL ALLOYS.

When writing to advertisers mention of the PROCEEDINGS Will be mutually helpful.
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Continental Resistors

Olilimummuovoft-

I

3 Watt

ZWatt

I I j6

- II a4
%Watt '\

l F3

I2

Curtis
Electro
Chemical
Condenser
Essential
Characteristics
Full capacity at all

voltages
Uniform capacity at

all frequencies
Low freezing point
Low internal resis-

tance

Low leakage
No nipples, new

breather princi-
ple

One hole mounting
terminal at bot-
tom

For Further Particulars Write to
Curtis Continental Corp.

13900 Lorain Ave.,
Cleveland, 0.

RESISTOR
CHARACTERISTICS:

NOISELESS
RESISTANCE CONSTANT
SMALL TEMPERATURE

COEFFICIENT
RUGGED
FIRMLY SOLDERED TERMINALS
DEPENDABLE
COLOR CODED

UNITS SHOWN HALF SIZE

CONTINENTAL SUPPRESSORS
For Radio -Equipped Cars

Stop ignition noise in the automobile radio
set when used with suitable by-pass con-
densers.

Spark Plug
Auto

Suppressor
Shown mounted
on Spark Plvg

Universal
Connections
Water proof

Distributor Auto Suppressor
Shown mounted on distributor cap. Fully in-
sulated, no metal parts exposed, rigid mounting.

Write for Information and Prices
CONTINENTAL CARBON,

INC.
WEST PARK, CLEVELAND, 0.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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HAVE STOOD THE TEST
OF TIME AND SERVICE

The "Cub" Condenser is no longer an experi-
ment. Millions of them are now in service and
millions more constantly join their ranks.
They have stood the test of time and service
and have made a place for themselves in the
radio industry.
"Cub" Condensers are now approved and speci-
fied by leading radio engineers throughout the
country.

High Insulation Resistance
Extraordinary Dielectric Strength

Capacities .00025 to .5 Mfd.

FILTER CONDENSERS
BY-PASS CONDENSERS

RADIO INTERFERENCE FILTERS
POWER FACTOR CORRECTION BANKS

UNIFORMLY HIGH INSULATION RESISTANCE
PAPER DIELECTRIC CONDENSERS (All Types)

Write for Sample "Cub" Condenser and Catalog of
Complete Line of Cornell Products.

Cornell Electric Mfg. Co., Inc.d/ LONG ISLAND CITY, NEW YORK

%Mr

A?r, z /.#/z. #,.#.#J,

it;L;al

...,:,.37 P'Jilffst- Mttized

4

0
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101

/

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

155 East Ohio Street, Chicago, Ill.

PIONEERS AND SPECIALISTS
IN THE ART OF

SOUND REPRODUCTION.
DYNAMIC SPEAKERS SINCE

1911.

ELECTRICAL TESTING
L LABORATORIES

Tests of Inductances_
Condensers_Transfor m-
ers etc. Life and charac-
teristics of Radio Tubes

80th. Street and East End Ave.
 NEW YORK, N.Y.

Radio, Television and Sound Picture
Patents bought and sold. Applications,
searches and reports for Inventors and
Manufacturers.

Over twenty five years practical ex-
perience as an Engineer and Manufac-
turer in Radio and kindred fields.

H. R. VAN DEVENTER
Consulting Engineer and Patent Attorney

342 Madison Ave., New York City

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 8,000 technical

men, executives, and others with important radio

interests.

Per Issue 10.00

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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ENGINEERS AVAILABLE
Advertisements on this page are available only to members of the Institute of
Radio Engineers. For rates and further information 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.

INSTRUCTOR IN PHYSICS AND RADIO COMMUNICATION,
is interested in securing position with broadcast station in any capacity, or
with radio manufacturer offering opportunity to do radio research. Has had
experience in construction and design of broadcast stations, as well as in
station management. College graduate, 1925. Age, 27. Box 50.

YOUNG MAN, since 1925 in engineering departments of several radio
manufacturing concerns, is interested in obtaining position doing design and
general development work on radio receiving equipment. Specialized in
design of radio frequency amplifiers. Has had high school education and
one year of business college. Age, 27. Box 51.

SERVICE MAN, for four years and commercial radio operator in land
and ship stations since March 1930, is interested in changing position.
Willing to do anything. Service experience includes one year as owner of
radio and battery service station, and two years service work for radio
manufacturers. Age, 24. Box 52.

SERVICE MAN, having high school education and university extension
course in radio, desires position as field service man to work on public address
systems or radio receivers. Four years experience on servicing radio and talk-
ing picture equipment and half year on cost work. Age, 22. Box 45.

PRODUCTION MAN, familiar with practical methods and cost reduction
is interested in position where past experience will be best appreciated. In-
strument maker up to 1913. Since 1913 has specialized in radio experimental
model making and manufacturing. Since 1925 has had responsible position
in charge of model shops or factory production. Graduate of School of
Technology, Budapest in 1905. Reference by reputable concerns. Age, 41.
Box 47.

COLLEGE STUDENT, is interested in obtaining position in any radio
work, preferably with broadcast station or with communication department of
airways system. Holds commercial radio operator's license and has had several
years experience in servicing broadcast receivers as well as two years experi-
ence in broadcast station. B.S. in E.E. 1931. Available after June 15,
1931. Age, 22. Box 53.
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450
Working
Volts Any
Combination
of Capacities.

Variety
of Can Sizes.

Greatest Filtering
Capacity of Any Elec-
trolytic Condenser

The ELKON
Non -Aqueous

Hi -VoltOUTSTANDING
CHARACTERISTICS

L
High Working Voltage: 450
volts-withstands without

injury transient peaks in excess
of 575 volts.

-1 Absolutely Dry: A con.
1-, denser from which all
water is eliminated.

a Low Leakage: Normal rat-
ed leakage 0.1 mil per

mfd. (After perating short
period the leakage is 0.025
mils per mid.)

4 Impervious to Low Temper.
atures: Operates efficient

from minus 40° F to 150° F.

Condenser -

SMALL!
Typical can size

16 Mid. Condenser
4V4" x 2"x 1)4"

C Long Life: To reduce re-
placements and interrupt-

ed service periods to a mini-
mum.

-Y

Self Healing: Transient
peaks in excess of 575

volts do not injure the Elkon
condenser.

Compactness: Smallest cu -7 bical volume per micro -
farad of any condenser on the
market.

Samples built to your specifications will
be sent to all recognized manufacturers.
Send for booklet giving complete technical

data and general description.

ELKON DIVISION
P. R. MALLORY & CO., Incorporated

Indianapolis, Indiana

8 Maximum Filtering: Due
to low power factor, the

Elkon condenser has the great-
est filtering action of any
electrolytic condenser on the
market.

Booklet with complete
data upon request.

9 Stability in Operation: To
guard against mechanical

and electrical variation that
would affect action of circuit.

10 Low cost per microfarad
per voltage rating: A

large safety factor in volt rat-
ing for the same cost as lower
voltage condensers.

Standard Can Sizes and Their Microfarad Capacities
MFD Total

Can'ty of Capa'ty
Sections MFDs

1 1

2 2
2-2 4
2-2-2 6
2-2-2-2 8
4 4
4-4 8
4-4-4 12
4-4-4-4 16

Vertical and Horizontal Cans
MFD Total

Can Size Cap ty of Capa'ty
Sections MFDs

23A x 1 x 1/4 5 5
234x 1%x 34 6 6
23/4 x1% x11/2 8 8
23/4 x PA x 2 8-8 16
21/4 x 13/4 x 23A 8-8-8 24
41/4 x1 x1 8-8-8-8 32
41/4 x2x1 2-4-8 14
41/4x 134x 13/4 2-8-8 18
41/4 x 21/2 x 13/4 2-8-16 26

Can Size

41/4 x 11/2 x
41/4 x 11/2 x 3/4
41/4 x 2 x 3/4
41/4x2x11/2
41/4 x 21/4 x 13/4
41/4x3x2
41/4 x 2 x 11/2
41/4x2x1/4
41/4 x 21/4 x 134

MFD
Cap'ty of

Sections
20
30
4-8-12

Total
Capa'ty Can Size
MFDs
20 41/4 x 2 x 11/4
30 41/4 x 2x 2
24 41/4 x 21/4 x 13A

ROUND
4 4

8 8
8-8 16
8-8-8 24
8-8-8-8 32

CANS
13/8 dia x 23/4
13/a dia x 41A
21/2 dia x41/4

3 dia x 41/4
3 dia x 41/4

- A. CONDENSER FOR ALL POWER PACK ASSEMBLIES
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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New laboratory and
test instruments

Visual Oscillograph
for circuit analysis and rapid
aligning of intermediate frequency
amplifiers, transformers, etc.
Instruments also available for ac-
curate and rapid measurement of
R. F. inductances and capacitors
over wide range of values.
Operation by projection of reso-
nance curve on screen.

Now available to radio
and tube manufacturers,
laboratories, colleges, etc.,
for precision and rapid
measurements in the labora-
tory and production line.

HARMONIC ANALYZER
MICROPHONIC TEST SET

HUM TEST SET
MUTUAL CONDUCTANCE

METER

GM & RP METER

TUBE CAPACIOMETER
RADIO FREQUENCY

FILTERS

MASTER SIGNAL
GENERATOR

LABORATORY SIGNAL
GENERATOR

R.F. ATTENUATORS
BEAT FREQUENCY

OSCILLATOR

PRECISION CAPACITY
METER

R.F. SIGNAL SYSTEMS FOR
PRODUCTION TEST

MAGNETIC PICKUP TEST
EQUIPMENT

Information and prices on request

ENGINEERING PRODUCTS DIVISION

RCA VICTOR CO., INC., CAMDEN, N. J.
Chicago -100 West Monroe St. San Francisco -235 Montgomery St.

A Radio Corporation of America Subsidiary
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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DUBILIER

CONDENSER

CORPORATION
4377 Bronx Blvd.

New York City

Announcing

Dubilier
Electrolytic

Condensers
In meeting the demand of the radio industry
for inexpensive capacity, Dubilier engineers
have developed the Dubilier Hi -Mike Con-
denser-a refined semi -dry high -voltage elec-
trolytic condenser with these outstanding
characteristics:

1. Aluminum can 41/2 by 13/8 inches, inter-
changeable with other standard electrolytic
units.

2. Available in upright and inverted types.

3. Standard capacity of 8 mfd., with highest
percentage of effective capacity.

4. Working voltage conservatively rated at 400,
peak of 430, or more than ample for -80
type rectifier circuits.

5. Fully self -healing, reforming faster than any
other electrolytic condenser.

6. Lower leakage at high voltages than any
other electrolytic condenser.

7. Life expectancy in excess of requirements of
usual radio assembly.

8. Compact, clean, non -spillable, efficient, inex-
pensive, self -healing, reliable.

Thus the Dubilier organization brings two
years of research and engineering develop-
ment on electrolytic condensers to a practical
conclusion. The results are available to you
in meeting your condenser requirements.
May we present complete details and samples?

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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110

These Features

of Potter

Electrolytic Condensers

VAbsolutely Dry
V500 Working Volts

Electrolytic Capacity Units
Two reasons that enable Potter Electrolytic
Condensers to step far ahead of the ordinary
electrolytic unit.

The Potter Electrolytic capacity unit may be had with a working
potential of 500 or 350 volts with a very low leakage current under
ordinary circuit voltages. It may be used in circuits with higher
voltages than the usual 500 peak potential type.

The dry gum electrolyte is completely sealed in. No vents are
necessary. It never freezes, spills, evaporates, or changes in any way
as to affect the operation of the unit. Potter Electrolytic Filter Ca-
pacity Units may be mounted in any position or may be combined in
the same block with paper by-pass and filter units.

Potter Electrolytic Capacity Units and Potter Condenser Blocks
combining paper and electrolytic units may be quickly supplied to
meet any voltage, capacity, or size requirements.

48 Hour Condenser Service
When you need a special condenser unit, make use
of this quick Potter service. Potter can build any
condenser unit to your exact specifications in less
than 48 hours. The complete winding, impreg-
nating, and case -making facilities of the Potter plant
eliminate delay and assure the quickest possible de-
livery of your unit.

By-pass condense
for midget receiv-
ers 1 - 7/8 inches
long.

The Potter Company
1944 Sheridan Rd., North Chicago, III.



Type 457-A Modulation Meter-$125.00

Modulation Measurements
The Type 457-A Modulation Meter is an effective means

of locating modulation faults in modern broadcast transmit-
ters. It measures percentage modulation on both the positive
and negative peaks, thereby showing up "asymmetrical dis-
tortion" and shifts of the carrier amplitude during modula-
tion. Information it supplies enables the engineer to secure
the maximum modulation from his transmitter and to main-
tain that optimum adjustment.

The modulation meter operates on a very small amount of
power taken from the transmitter output circuit by a pickup
inductor. It is entirely self-contained except for the 110 -volt,
60 cps. -supply which supplies power to heat the filaments of
the two tubes.

For further details, address Department R3.

GENERAL RADIO COMPANY
CAMBRIDGE A, MASSACHUSETTS

GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONSIN


