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The Institute of Radio Engineers

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 PROOEEDINGS 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 copry 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 s list of these.

Discount of fwenty~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 omne
dollar, and on single copies is ten cents.

The 1931 YEAR BOOR, containing general information, the Constitution and By-Laws, Standards
Report, Index to past issues of the ProceepINGS, Catalog of Membership, etc., is available
to members 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 89th 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 thei(l]‘ 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 granied on the express condition that specific reference shall be made to
the source of such material. Diagrams and photographs published in the PROCEEDINGS
may not be reproduced without making special arrangements with the Institute through
the Secretary. .

It is understood that the statements and opinions given in the PROCEEDINGS are views of the
individual members to whom they are credited, and are not binding on the 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., UJ.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 & summary of from 100 to 300 words. Papers
should be typed double space with consecutive numbering of pages. Footnote references
should be consecntively numbered and should appear at the foot of their Trespective
pages. Each reference should contzin suthor’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 fleld are covered; main body describing
the apparatus, experiments, theoretical work, and results uged 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
uged, the major division lines should be drawn in with black ink, omitting the finer divi-
gions. In the latter case, only bluellined paper can be accepted. Ihotographs 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 geparate 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 adjectivesy, ke, pf, puf, em.f., mh, uh
henries, abscissas, antennas. Refer to figures as Fig. 1, Figs. 8 and 4, and to equations
a8 (5). Number equations on the right in parentheses.

Summary—The summary should contain a statement of major conclusions reached, since
gummaries 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 &8 possible the major conclusions to a nonspecialist in the subject.
The summary should contain from 100 to 800 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
89th Street, New York Qity. They will be examined by the Committee on Papers and by
the Editor. Authors are advised as promptly as possible of the action taken, usually
within one month.

I’roofs—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, 38 West 39th 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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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 August
31, 1931. These applicants will be considered by the Board of Direction at its
September 2nd meeting.

For Transfer to the Fellow grade

Indiana Marion, U.S. Radio and Television Corp................ Pressley, J. H.
For Transfer to the Member grade
New York Brooklyn, 2011 Newkirk Ave.. .. .......... ..o ... Callahan, J. L.
Brooklyn, 3906 Clarendon Rd.. ........................ Martin, L.
N. Rhodesia Broken Hill, Post Office, Engineering Branch. . .......... Morris, R. P.
For Election to the Member grade
Massachusetts Springfield, 683 State St....... ... ... Campbell, W. H.
New York Pearl RIVEr. . . oo oot e e ..Baker, C. 1.
England Harrow, Middlesex, 29 The Gardens, Vaughan Rd... ... .’\Iontgomery, AW,
For Election to the Associate grade
California Oakland, 2412 J5. 15¢h St.. ... ........ ... .. ... Lomba, E. J.
San Francisco, 1346 Pine St... .. .. ......... ... ... .. .Hartwick, F. C.
Florida Miami Beach, Radio Station WIOD . ....... ... ... ... .. Scott, M. C., Jr.
Miami Springs, Box No.236........... .. ... ......... Winter, C. W., Jr.
Illinois Champaign, 602 W. Columbia Ave.. ... ... ... ... .... Holligter, J. B.
Chicago, 4309 N. Whipple St.. . ........ ... ... ........ Hume, J. M.
Chicago, 2140 W. Harrison St., Station D . . ... ... ... ... Perrotta, D.
Chicago, 1429 Lunt Ave., Apt. No. 302, Rogers Park. . ... Turner, U. G.
Decatur, 2625 K. Garﬁeld Ave.. ... .. ... . .Songer, C. K.
Kansas Kansas City, P.O. Box No.358............ .Francis, T. L.
Maryland Baltimore, 3608 Frankford Ave., Hamilton. ... ... ... .. .. Taylor, W. E.
Massachusetts Brighton, 1949 Commonwealth Ave.. ... .. I Atwood, R. I.
Michigan Detroit, 13858 Newbern. .. .......... R Bogard, B. W.
L Detroit, 3760 Jefferson, E......... .. .. ... .. ... ... Kaserman, F. S.
Mississippi Rolling Fork. .. ... ..o Gibbon, Q. D.
New Jersey Camden, 3317 Pelham PL.............. .. ... ... ... .... Sinclair, A.
Hillside, 429 Conant St.. . ..o veno . Smith, L. D.
Merchantville, 212 State St............... ... ... ....... Seimes, M.
Plainfield, 680 W. Front St.. .. ... ... ... i .. Groves, A. J.

New York New York City, Am. Tel. and Tel. Co., 195 Broadway . . Bemls, I. 8.
New York City, 460 W. 54th St........................ Bradshaw, D. Y.
New York City, 195 Broadway, Rm. No. 2012........... Durkee, L.

New York City, c/o Amer. Tel. and Tel. Co., 195 Broadway.............. Ladner, H.

New York City, 178 E. 205th St., Apt. No. 6-C......................... Townsend, J. H.
Pelham, 305 6th Ave... ........ ... ... .. ... . ... ... Looney, L. A.
Rochester, Stromberg Carlson Mfg. Co.. ............... Curtis, S. R.
Rocky Poiftt. . oo vee e Conklin, J. W

) WarTen8DUIE . . ¢\ vt e et et et e Nodine, W. I
Ohio Cincinnati, 2731 Vine St........... ... .. ... .. ... .... Magly, J.

) Cincinnati, 955 Windsor St............................ Neil, D. R.
Pennsylvania Emporium, 338 W.4th St....................... ... ... Huchberger. A. P.
Minersville, 136 Westwood St........... .. ............. Rothermel, E. I,
New Bethlehem, Penn St..................... ......... Collett, P
Philadelphia, The Atlantic Refining Co., 260 S. Broad St..Munton, J. D.
Philadelphia, 835 N. Newkirk St....................... Weige, R. C.
o Pittsburgh, 5900 Ellsworth Ave........................ Robin, G.
West Virginia Bluefield, Box No. 618, ... ....o0itini ., Davison, L.
Caroling, Box No. 236. . ..., Royal, J. I8,

. ) Huntington, 115 Baer St.. .. ......... ...y Gilfilen, L. J.
Wisconsin Milwaukee, 2009 W. Scott 8t.. .. ...................... ITanson, R. C.
Canada Toronto, Ont., Radio Valve Co., 189 Dufferin St.. . ...... Cary, I'. C.

i Toronto, Ont., 423 Dufferin St.. . . ..................... Dow, J.

England Beaconsfield, Bucks, The Beacons, Reynolds Rd.......... Woodbridge, I'. L.
Cookridge, Leeds, “The Moorings,” Tinghill Rd.. ... .. ... Tetley, RR.
Derby, 2 Waverley Terrace, Moore St.. .. .............. Prince, T.
Halifax, Yorkshire, Wortleys Wireless House, Bull Green.. Wortley, A
Harlesden, London N. W. 10, 1 Odessa Rd.. . Cook, A. B.
Hull, 51 drafton 8t., Beverley Rd.. s..o.....Wallace, R. H.
London W. 14, 6 Lxsgar Terrace. .. ...oovvren ... Elsner, C. W, R

VII
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England London W.1,63 Curzon St.. ... .. ... .................. Hughes, L. E, C.
London, Mill Hill, 13 Goodwyn Ave.. ... ......... Shorter, D. E. L.
London, N. 17, Tottenham, 71 Winchelsea Rd Pryor, G. E.
London, N. 21, Winchmore Hill, 61 Hoodcote Gardens. . . . . Dawe, F. W.

Skegness, Lincolnshire, Beam Wireless Station. .. . ....... Frankis, E. E.

Skegness, Lincolnshire, Beam Wireless Station. . ......... Pales, F. A.

Whalley Range, Manchester, 25 Wood Rd.. .. .......... . Skaife, M.
Wales Llanelly, Llwynonn, Carmel. . . ............ ... .. ... .. Davies, I. T.
Holland Arnhem, 34 Van Lawick van Pabststraat....... ... ... .. Hummeling, W. G.
New Zealand Dunedin, University of Otago. . . ... ...... ... ....._.... Jack, R.
Philippine Islands Manila, 1216 Gov. Forbes, Sampaloe............ ... ... Escudero, S. H.
Rhodesia Bulawayo, ¢/o Princes Kinema,. . ... ...... ... .. .. ... . Anolick, J
Scotland Glasgow, 15 Florida St., Mount Florida. ... ... ... ...... Armour, C. D.
Territory of

Hawaii Honolulu, Fort Shafter. .. ... ... . ... .. .. ... .... Larew, W. B.
For Election to the Junior grade

Colorado Greeley, 514 6th St.. . .. ......... ... ... ... ... ... Isberg, R.
Kansas Manhattan, 1201 Vattier St.. . ... ... ... ... .. ...... De La Mater, F.
North Dakota New Salem ... ............ . .. ... ... Hoffman, H. C.
Ohio Cleveland, 5321 Julia Ave.. . .. ... ... .. ... ... ....... .. Melamed, S.
Pennsylvania Erie, 528 W. 18th St.. ... . ... ... .. ... ... ... Swaney, B. H.
New Zealand Wellington, 27 Monro St., Seatoun. . ............ ... ... Morrison, C. W.
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STUART BALLANTINE
Recipient of Morris Liebmann Memorial Prize for 1931

In view of his outstanding theoretical and experimental investigations of
numerous radio and acoustic devices, the Morris Liebmann Memorial Prize for
1931 was awarded to Stuart Ballantine of Boonton, N. J.

Stuart Ballantine was born September 22, 1897, at Germantown, Phila-
delphia, Pa. He became interested in wireless telegraphy as an amateur in 1908
and served as a ship radio operator during the summers of 1913, 1914, and 1915.
He was employed during 1916 by 1. K. Mulford Company, bacteriologists, and
during 1917 by the Bell Telephone Compan of Pennsylvania.

From 1917 to 1920 as Expert Radio Aide at the P iladelphia Navy Yard, he
was responsible for the design of the Navy coil-type radio compasses. He dis-
covered the “antenna effect” in coil-type systems and invented the capacity
compensator for its control.

During 1920 and 1921 he studied mathematical physics at the Graduate
School, Harvard University and spent 1923 and 1924 as a John Tyndall scholar
in physics at Harvard.

In 1922 and 1923 while doing development work on broadcast receivers at
Radio Frequency Laboratories, Boonton, N.J., he invented a method of stabiliz-
ing radio-frequency amplifiers by means of a Wheatstone bridge eircuit. Linear
detection at high signal levels and automatic volume control for radio receivers
were also developed by him at this time.

He was privately engaged in scientific investigations at White Haven, Pa.,
from 1924 to 1927 and then rejoined Radio Frequency Laboratories in charge of
the research division, becoming principally engaged in studies of detection at
high signal levels, fluctuation noise in radio receivers and tubes, development of
technique for sound measurements of loud speakers and receivers, microphone
calibration, and broadcast receiver design.

He collaborated in 1929 with F, M. Huntoon in an investigation of the ef-
fects of high pressure on bacteria.

Since June, 1929, he has been President of the Boonton Research Corpora-
tion where he developed an electrostethoscope, automatic optical recorder for
frequency-response measurements, logarithmic voltmeter, investigation of errors
in microphones due to diffraction and cavity resonance, and collaborated with
H. A. Snow in development of variable-mu vacuum tubes.

He is the author of one book and thirty-one papers on radio, acoustics,
electrical theory, and other subjects. ;

He organized the Philadelphia Section of the Institute in 1920 acting as
its chairman until 1926. He served on the Committee on Membership (1926~
1927), Meetings and Papers Committee (1929-1930), Standardization Com-
mittee (1930-1931), Awards Committee (1930-1931), Chairman of the Technical
Committee on Vacuum Tubes (1930), Chairman of the Technical Committee on
]lilégit)ro—Acoustic Devices (1931), and a member of the Board of Editors (1929

He is a Fellow of the American Physical Society, The Acoustical Society of
America, and a Member of the Franklin Institute. He became an Associate
member of the Institute of Radio Engineers in 1916 and a Fellow in 1928.






INSTITUTE NEWS AND RADIO NOTES

Sixth Annual Convention

The Sixth Annual Convention of the Institute was held under the
sponsorship of the Chicago Section on June 4, 5, and 6. The head-
quarters of the convention was the Hotel Sherman in Chicago.

The technical papers of which there were nineteen were presented
at four technical sessions, two of which were held on the first day of
the convention while the other two were held on the following two days.

A number of inspection trips permitted visits to the manufacturing
plant of the Grigsby-Grunow Manufacturing Company, the Long
Lines Department of the American Telephone and Telegraph Co., the
Exchange of the Illinois Bell Telephone Co., the National Broadcasting
Co. Studios, the Hawthorne Works of the Western Electric Co., and
the Adler Planetarium and Astronomical Museum. In addition, the
ladies’ trips included a tea and fashion promenade at Marshall Fields,
a theater party, a sight-seeing tour, a luncheon and bridge at Mail-
lard’s, the National Broadcasting Co. Studios, and the Adler Plane-
tarium and Astronomical Museum.

On the evening of June 4 a lecture on “Modern Conceptions of the
Electron” was presented by Professor A. H. Compton of the Physics
Department of the University of Chicago.

During the banquet, which was held on the evening of June 5, an-
nouncement was made of the presentation of the Institute Medal of
Honor to General G. A. Ferrié of I'rance, who was unable to be present
due to the necessity of his being in attendance at the meeting of the
International Consulting Committee on Radio in Copenhagen at ap-
proximately the same time. The Morris Liebmann Memorial Prize was
then awarded to Stuart Ballantine. Almost a dozen golf trophies were
presented as the result of the golf tournament played at Calumet
Golf Course on the afternoon of the 5th.

On the evening of the 4th, the annual meeting of the Committee on
Sections was held and representatives of the Buffalo-Niagara, Chicago,
Cincinnati, Cleveland, Connecticut Valley, Detroit, Rochester, and
Toronto Sections were present. The discussion which took place cov-
ered practically the entire field of section operation and maintenance. A
financial report form was agreed upon so that financial reports of sec-
tions can hercafter be prepared uniformly which will permit more ready
analysis. Although the present rebate system was discussed fully, it
was not possible to make any important decisions regarding it in view
of the fact that it has heen in operation for about six months only.

1299



1300 Institute News and Radio Notes

The Constitution for Sections was reviewed briefly to determine if

there were any corrections or additions needed. The necessity of each
section’s adopting a by-law specifying when the annual meeting of the
section would be held was pointed out and as only five of the eight sec-
tions represented had adopted such by-laws, officers of all sections were
requested to see that such a by-law is adopted.
- It was agreed that a meeting of the Sections Committee should be
scheduled for Rochester on either November 18 or 19 during the time
of the Rochester Fall Meeting. Details of this meeting will be for-
warded to all sections as soon as they have been worked out.

The exhibition which was a part of the convention was comprised
of almost fifty booths representing practically all of the manufacturers
of component parts, measuring and laboratory equipment, and mate-
rials and equipment of interest to manufacturers.

The registration for the convention totaled four hundred, the at-
tendance at the banquet being two hundred and twenty-five.

Bound Volumes

The twelve issues of the ProceEDpINGs published during 1930 are
now available in blue buckram binding to members of the Institute at
nine dollars and fifty cents (89.50) per volume. The price to nonmem-
bers of the Institute is twelve ($12.00) dollars per volume.

Radio Transmissions of Standard Frequency, August and
September, 1931

The Bureau of Standards announces a new schedule of radio trans-
missions of standard frequencies. This service may be used by broad-
cast and other stations in adjusting their transmitters to exact fre-
quency, 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 dis-
tances up to about 1000 miles from Washington, and some of them at
all points in the United States. The time schedules are different from
those used in transmissions prior to this July.

There are two classes of transmissions provided: one, transmission
of the highest accuracy at 5000 ke for two hours afternoon and two
hours evening on three Tuesdays in each month; the other, transmis-
sions of a number of frequencies in two-hour periods in the afternoon
and evening, one Tuesday a month. The transmissions are by continu-
ous-wave radiotelegraphy. The 5000-kc transmissions consist mainly of
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a continuous c¢w transmission, giving a continuous whistle in the re-
ceiving phones. The first five minutes of this transmission consist of the
general call (CQ de WWYV) and announcement of the frequency. The
frequency and the call letters of the station (WWYV) are given every
ten minutes thereafter. The transmissions of the other type are also by
continuous-wave radiotelegraphy. A complete frequency transmission
includes a “general call,” “standard frequency signal,” and “announce-
ments.” The general call is given at the beginning of each 18-minute
period and continues for about two minutes. This includes a statement
of the frequency. The Standard frequency signal is a series of very long
dashes with the call letters (WWYV) intervening; this signal continues
for about 8 minutes. The announcements follow, and contain a state-
ment of the frequency being transmitted and of the next frequency to
be transmitted. There is then a 6-minute interval while the transmit-
ting set is adjusted for the next frequency.

5000-Kilocycle Transmissions
2:00 to 4:00 p.n., and 10:00 p.M., to 12:00 Midnight, Eastern Standard Time

July l August ‘ September
14 \ 11 f 8
21 18 15
28 25 22
29

«
Multifrequency Transmissions

Frequencies in Kilocycles
Eastern Standard Time July 7 August 4 September 1
2:00 p.M. 10:00 p.Mm. 1600 3600 6400
2:18 10:18 1800 4000 7000
2:36 10:36 2000 4400 7600
2:54 10:54 2400 4800 8200
3:12 11:12 2800 5200 8800
3:30 11:30 3200 5800 9400
3:48 11:48 3600 6400 10000

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. Iiven
though only a few frequencies are received (or even only a single one),
persons can obtain as complele a frequency meter calibration as de-
sired by the methods of generator harmonics.

The 5000-ke transmissions are from a transmitier of 1 kilowat?
power; they occur every Tuesday except the first in each month. The
other transmissions are from a transmitter of 1/2 kilowatt power; they
are given on the first Tuesday of every month both afternoon and even-
ing.
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The frequencies in the 5000-kilocycle transmissions are piezo con-
trolled, and are accurate to much better than a part in a million. The
frequencies in the multifrequency transmissions are manually con-
trolled, and are accurate to a part in a hundred thousand.

Since the start of the 5000-ke transmissions the Bureau of Stand-
ards has been receiving reports regarding the reception of these trans-
missions and their use for frequency measurements from nearly all
parts of the United States, including the Pacific coast and Alaska. The
Bureau is desirous of receiving more reports on these transmissions,
especially because radio transmission phenomena change with the
season of the year. The data thus far obtained cover the first six months
of 1931, and give information regarding approximate field intensity,
fading, and the suitability of the transmissions for frequency measure-
ments.

It is suggested that in reporting upon the field intensity of these
transmissions, the following designations be used where field intensity
measurement apparatus is not at hand: (1) hardly perceptible, un-
readable; (2) weak, readable now and then; (3) fairly good, readable
with difficulty; (4) good, readable; (5) very good, perfectly readable.

A statement as to whether fading is present or not is desired, and if
80, its characteristics, such as whether slow or rapid, and time between
peaks of signal intensity. Statements as to the type of receiving set
used in reporting on the transmissions and the type of antenna used
are likewise desired. The Bureau would also appreciate reports on the
use of the transmissions for purposes of frequency measurement or
control.

Reports on the reception of the transmissions should be addressed
to Bureau of Standards, Washington, D. C.

Committee Work

COoMMITTEE oN BrRoaADcASTING

A meeting of the Committee on Broadcasting was held at 3 p.m.
on Thursday, June 18, in the office of the Institute. Those in attendance
were L. M. Hull, chairman; Arthur Batcheller, J. B. Coleman, (repre-
senting B. R.Cummings), P. A. Greene, J. V. L. Hogan, C. W. Horn,
R. H. Marriott, and E. L. Nelson.

The committee continued its consideration of General Order 97
of the Federal Radio Commission, putting their comments thereon in
final form to be placed before the Board of Direction at its September 2
meeting for subsequent transmittal to the Commission.
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COMMITTEE ON SECTIONS

The annual meeting of the Committee on Sections which is reported
with the other activities of the Sixth Annual Convention was attended
by the following: Austin Bailey, chairman; R. H. Manson, H. A
Brown, A. B. Buchanan, F. K. Dalton, Samuel Firestone, V. M.
Graham, R. A. Hackbusch, G. B. Hammon, J. B. Hoag, L. N. Hol-
land, C. E. Kilgour, J. J. Lamb, J. M. Leslie, B. B. Minnium, B. E.
Shackelford, B. Dudley, and II. P. Westman.

STANDARDIZATION

TreaNIicaL CoMMITTEE oN Vacuum Tuses—IRE

Two meetings of the Technical Committee on Vacuum Tubes of the
Institute were held on May 12 and July 7, respectively. The May
meeting was attended by B. E. Shackelford, chairman; N. P. Case,
H. ¥. Dart, F. H. Engel, J. F. Hanley, 5. A. Lederer, W. M. Perkins,
L. M. Price, E. W. Ritter, H. A. Snow, W. M. Tuttle (nonmember)
J. C. Warner, IX. S. Weaver, P. T. Weeks, and B. Dudley, secretary.

The July meeting was attended by B. E. Shackelford, chairman;
R. R. Batcher (nonmember), N. P. Case, F. H. Engel, J. F. Hanley,
M. J. Kelly, A. I. Merrill (representing E. A. Lederer), W. N. Tuttle
(nonmember), Dayton Ulrey, J. C. Warner, K. S. Weaver, P. T.
Weeks, B. Dudley, secretary; and H. . Westman.

At these meetings the committee reviewed briefly the 1931 Report
of the Committee on Standardization as regards that portion of it
devoted to vacuum tubes. It was thought desirable to give careful
consideration to several of the definitions appearing in this report and
a number that might advantageously be added when the next report is
issued.

It was decided to establish one or more subcommittees to study
certain portions of the report during July and August so that their
comments may be available to the committee at its next meeting on
September 15.

Institute Meetings
CINCINNATI SECTION

The June 16th meeting of the Cincinnati Section was held at the
Hotel Alms, D. D. Israel, chairman, presiding.

The paper of the evening on “New Tubes and their Applications”
was presented by R. S. Burnap, commercial engineer of the RCA
Radiotron Company. The author described a number of the new
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tubes which have recently been announced, giving their characteris-
tics and indicating the conditions under which the’ various tubes
were designed to be operated. Discussion of the paper was entered into
by Messrs. Israel, Kilgour, and Osterbrock.

After the presentation of the paper, some semiportable loudspeaker
measuring apparatus was demonstrated.

The meeting was attended by fifty-two members and guests,
twenty-four of whom attended the informal dinner which preceded it.

CLEVELAND SECTION

The April meeting of the Cleveland Section, held at the Case School
of Applied Science on the 24th, was presided over by Chairman G. G.
Hammon.

The paper of the evening on “Porcelain Insulators for Radio Insula-
tion” was presented by A. O. Austin, chief engineer of the Ohio In-
sulator Company.

The speaker traced the history and development of porcelain insu-
lators and indicated that the insulation of towers for transmitting
stations is receiving more attention in modern installations. Experi-
mental work leading to the production of satisfactory insulators for
antennas and towers was described and illustrated with lantern slides.

The attendance at the meeting totaled forty-four.

CoNNECTICUT VALLEY SECTION

At the May 27th meeting of the Connecticut Valley Section, held in
the Hotel Garde, Hartford, Conn., and presided over by Chairman R.
S. Kruse, a paper on “The Development of Station WTIC” was pre-
sented by J. Clayton Randall, plant manager of that station.

The speaker displayed motion pictures showing the growth of
WTIC from the original 500-watt station to the present 50-kw plant.
Following the pictures, Mr. Randall discussed some of the mainte-
nance problems involved in the operation of a large boadcast station
with particular reference to economic considerations. A general outline
of the equipment, both audio and radio, was given and following the
meeting an inspection trip was made to the station which is located
at Avon, Conn. :

This meeting, which was the last of the spring session, was attended
by ninety-nine, thirty-two of whom were present at the dinner which
preceded it.

A by-law to the section constitution was made setting the last
meeting of the calendar year as the annual meeting of the section.
Chairman Kruse appointed W. F. Cotter as Chairman of the Meetings
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and Papers Committee, H. W. Holt as Chairman of the Membership
Committee, and J. F. Furey as Chairman of the Publicity Committee.

DETROIT SECTION

The May 22nd meeting of the Detroit Section was held at the De-
troit News Auditorium and presided over by Chairman L. N. Holland.
A paper on “Considerations in the Design and Operation of Modulators
and Modulating Equipment” was presented by Howard S. Stokes of
the Airways Division of the Department of Commerce.

The author discussed the theoretical limitations and the design of
circuits using audio amplifiers and audio tubes. Commonly accepted
proofs were presented and some of the problems were deseribed. Cir-
cuits furnishing unusually large audio power output without undue
distortion which had been studied under operating conditions were dis-
cussed. Oscillograms of typical modulator tubes were also presented to
illustrate the results of various malpractices in design and operation
of modulators.

A number of the sixty-five members and guests in attendance en-
tered into the discussion of the paper.

A meeting of the Detroit Section was held at the Detroit News
Auditorium on June 26, L. N. Holland, c'héirman, presiding. The
paper of the evening on “Talking Movies” was presented by C. L.
Stong of Electrical Research Products, Inc.

The speaker gave a brief history of the development of talking
movies describing the experiments of de Forest and others. He then
described in detail the two general systems used at the present time
which employ a sound track on the film and a phonograph record. The
inherent advantages of the film recording were pointed out and a pre-
diction made that within five years most of the talking movies would
be of this type. The talk was concluded with a résumé of some of the
more recent developments in acoustical treatment of theaters.

During the discussion of the paper, which was entered into by a
number of the sixty members and guests in attendance, the speaker
pointed out that at the present time the phonograph record type of
recording was the only feasible method for use in conjunction with a
sixteen-millimeter film. He also described some of the methods used in
recording at the motion picture studios.

After the close of the meeting some talking motion picture equip-
ment, which had been employed to show a picture before the presenta-
tion of the paper, was demonstrated to those interested.
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ROCHESTER SECTION

A meeting or the Rochester Section was held on May 28th at the
Sagamore Hotel in Rochester, H. E. Gordon, chairman presiding.

The paper of the evening on “Radio Interference” was presented
by H. J. Klumb, director of Associated Gas and Electric Laboratories
in Rochester.

The author, who has been closely allied with radio investigation
work, as carried on by public utilities for the past nine years, had some
very interesting data upon which to base his remarks. He outlined some
of the causes and gave an analysis of various kinds of interference, sug-
gesting some of the methods employed in their elimination. As a general
conclusion he stated that the most satisfactory cure for interference is
to increase the power of the radio transmitter to limits controlled only
by the pocketbook of the station owner, with the subsequent decrease
in sensitivity of broadcast receivers made possible. In this manner the
noise level would be below the sensitivity range of the receiver and not
audible while the signal strength of the broadcast station would be
sufficiently high to be received satisfactorily.

The paper was discussed by Messrs. Estwick, Graham, Gordon,
and Karker of the sixty-seven members and guests in attendance.

As this meeting was the annual meeting of the section, election of
officers was held with the following results: Chairman, H. A. Brown;
Vice Chairman, A. L. Schoen; Secretary-Treasurer, M. A. Wood.

SaN Fraxcisco SecTioN

The May meeting of the San Francisco Section held on the 20th at
the Bellevue Hotel in San Francisco was presided over by Walter D.
Kellogg, chairman.

A paper on “Patents” was presented by Donald K. Lippincott, a
patent attorney. The speaker outlined the patent system in effect in
the United States, the form of protection given to an inventor and the
precautions to be taken by the inventor in order to protect most fully
his invention. The patent situation as it affects the radio art was dis-
cussed.

A number of the forty members and guests in attendance entered
into the discussion of the paper. <

The annual meeting of the San Francisco Section was held on
June 17 in the Ball Room of the Bellevue Hotel in San Francisco. Wal-
ter D. Kellogg, retiring chairman, opened the meeting and in the elec-
tion which followed the officers for the ensuing year were named. These
were: for Chairman, C. H. Suydam; for Vice Chairman, Ralph M.
Heintz; and for Secretary-Treasurer, F. E. Terman.
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The retiring chairman then thanked the members of all the com-
mitices as well as the other officers for their good work during the past
vear and upon motion a vote of thanks was given to the chairman and
the seeretary-treasurer for their suceessful efforts on behalf of the San
I'rancisco Seetion during the past vear. The new chairman was then
in{roduced.

The paper of the evening on “Some Problems of Sound Reprodue-
tion” was presented by P. G. Caldwell who based it upon work done
at Stanford University. Studies of sound were made with a dynamie
speaker, condenser microphone, and associated apparatus. Lantern
slides were projected to show interference patterns observed at differ-
ent frequencies in the measurement of loud speaker response.

A number of the thirty-nine members and guests in attendance
entered intc the discussion. The attendance at the informal dinner
which preceded the meeting totaled nineteen.

SEATTLE SECTION

The May meeting of the Seattle Section was held on the 28th at
Guggenheim Hall, University of Washington, under the chairmanship
of A. R. Willson.

The paper by T. M. Libby on “Television” covered the accom-
plishments to date and also a discussion of the problems to be solved in
this field. The paper, which was illustrated by projected diagrams
called forth a general discussion which covered many phases of the
subject and was entered into by Messrs. Hackett, Lovejoy, Miller,
and Willson.

L. W. Lovejoy, local supervisor of radio told of his experience in
inspecting television transmitting and receiving equipment while on a
trip through the East.

Following the discussion, two reels of motion pictures, “The Earth’s
Four Corners” and “Man-Made Miracles” were projected. These pic-
tures showed the source of material used in the manufacture of radio
tubes and also views of the various machines and instruments used in
factory production.

The attendance at the meeting totaled seventy-five.

The June meeting of the Seattle Section was held on the 25th at
Guggenheim Hall of the University of Washington, Abner R. Willson,
chairman, presiding.

The paper of the evening presented by P. J. Hackett of the Uni-
versal High Power Telephone Company was on “Talking Pictures.”

The author traced the early developments and general history of
the talking pictures. He then with the aid of projected illustrations



1308 Institute News and Radio Notes

discussed the complex problems in the design, operation, and main-
tenance of reproducing equipment. The acoustic problems involved
and the methods employed in the measurement of absorption and
reverberation were discussed and some of the mathematical aspects
covered. The auditorium of Guggenheim Hall served as an illustration
of some of the acoustic formulas applied to the problems of acoustic
design.

Messrs. Eastman, Libby, and Renfro of the fifty members and
guests in attendance participated in the discussion which followed the
presentation of the paper.

ToroNTO SECTION

The May 7th meeting of the Toronto Section was held in the
Electrical Building of the University of Toronto, J. M. Leslie, chair-
man, presiding.

The paper of the evening, which was presented by Eduard Karplus
of the General Radio Company, covered the general subject of the
communication applications of short waves. Discussion of the paper
was entered into by Messrs. Bayly, Oxley, and Professor Price, of
the sixty-five members and guests in attendance.

This meeting was also the annual meeting of the section and the
following officers were elected for the forthcoming year: F. K. Dalton,
Chairman; R. A. Hackbusch, Vice Chairman; and G. E. Pipe, Secre-
tary-Treasurer.

Personal Mention

Rudolph W. Ackerman, formerly chief engineer of Gold Seal Elec-
tric Co. Radio Tube Division has joined the radio engineering staff
of the Arcturus Radio Tube Co. of Newark, N.J.

Lieutenant William B. Bailey has been assigned to duty on the
U.S.S. Pennsylvania.

Lleutenant Herbert C. Behner has left Yale University for duty on
board the U.S.S. Wright.

P. K. Beisel, formerly with the New York Telephone Co., has joined
the Engineering Research Staff of Metro-Goldwyn-Mayer in Holly-
wood, Calif.

Previously with the RCA Victor Co., Richard Bell has become a
radio engineer for the Philadelphia Storage Battery Co. of Philadel-
phia.

Willis H. Beltz has become assistant manager of the Installation
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and Service Department of RCA Photophone, Inc., previously being
in the Broad Street office of the Radio Corporation of America.

Previously on the technical staff of the Bell Telephone Laboratories
R. V. Cartwright is now located in the Department of Physics of the
University of Colorado at Boulder, Colo.

C. C. Chen previously radio engineer and director of the Chinese
Admiralty House, has joined the Electrical Engineering Department
of the Kiangnan Dock and Engineering Works at Shanghai, China.

Lieutenant W. P. Cogswell has left the Postgraduate School of the
U.S. Naval Academy at Annapolis for duty at the Naval Air Station,
Anacostia, D.C.

Previously sound manager of Gaumont-British Picture Corpora-
tion of London, Ronald Dixon has become assistant department mana-
ger of the Phoenix Telephone and Electric Works of London.

E. E. Eldredge, formerly field engineer for Mackay Radio and
Telegraph Company is now with Press Wireless Inc. at their Hicksville,
L.I., station.

F. Clifford Estey has become sales engineer for the Illinois Zine
Co., previously having been connected with the Aluminum Company
of America.

J. R. Harrison, formerly of Wired Radio, Inc., is now at the Electro-
Technical Laboratory of Tufts College, Mass.

Previously with the Westinghouse Electric and Manufacturing Co.
at Chicopee Falls, R. A. Henderson has joined the radio engineering
staff of the De Forest Radio Co.

Lieutenant Commander W. S. Hogg, Jr. has been transferred from
the U.S.S. Schenck, to the Bureau of Engineering, Navy Department,
Washington, D.C.

Lieutenant T. R. Horn has left Harvard University and is now
stationed at Fort Monmouth, N.J.

Charles E. Huffman, formerly with De Forest Radio Co. is now
with the American Television Laboratories at Hollywood, Calif.

F. N. Jacob previously with the RCA Victor Company has become
an engineer for the Meissner Manufacturing Co. of Chicago.

R. J. Knouf has left the Steinite Manufacturing Co. to join the
staff of the Transformer Corporation of America at Chicago.

Lieutenant O. C. Maier, formerly located at Washington is now at
the Georgia School of Technology at Atlanta.

Commander B. V. McCandlish has been transferred from the
U.S.S. Maryland to the U.S. Naval War College, Newport, R.I.

R. E. Meyers is now electrical officer on the Wilkins Transpolar
Expedition.
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E. B. Moullin, formerly lecturer at Cambridge University is now
a reader in engineering science at Oxford University, Oxford, England.

Lieutenant L. W. Nuesse has left Yale University to board the
U.S.S. Dobbin.

Formerly student engineer at RCA Victor, Ralph J. Orner has be-
come development engineer for the De Forest Radio Company.

Lieutenant W. K. Sherman, previously on the U.S.S. Trenton has
been transferred to naval inspection work at the General Electric
Co. plant at Schenectady.

H. O. Storm, formerly with the Federal Telegraph Co. has become
installation engineer for the All America Cables Co. at Granada,
Nicaragua.

H. E. Wallace, previously at the Newark Works of the Westing-
house Electric and Manufacturing Co. has joined the radio engineering
staff of Wired Radio, Inc.

Paul E. Watson has been made chief engineer of the Radio Section,
Signal Corps Laboratories, Fort Monmouth, N.J.

Harry Wilkie, formerly at the Naval Research Laboratory is now
a radio engineer in the Signal Corps at Fort Shafter, Honolulu.
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APPLICATION OF FREQUENCIES ABOVE 30,000 KILO-
CYCLES TO COMMUNICATION PROBLEMS*

By

H. H. Beverace,! H. O. Pererson,? and C. W. Hansgrr?
(I R. C. A. Communications, New York City; 2Riverhead, L. I, N.Y.;3Rocky Point L. I.,, N. Y.)

Summary—The authors briefly describe the results of a number of experi-
ments with frequencies above 30,000 kc covering a period of several years. Since
the major interest of radio communication companies has been in long-distance com-
munications, this paper includes some qualitativé data covering propagation beyond
the optical, or direct viston, range. The authors have found that the altitude of the
terminal equipment location has a marked effect on the stgnal intensily, even beyond
the optical range.

Frequencies below about 43,000 kc appear to be reflected back to earth ai rela-
tively great distances in the daytime in north-south directions, but east-west iransmais-
ston over long distances is extremely erratic.

Frequencies above about 43,000 kc do not appear to return to earth beyond the
ground wave range, except at rare intervals, and then for only a few seconds or a
few minutes. These frequencies, which do not return to earth, also appear to be free of
echoes and multiple path transmission effects. Therefore, they are free from distortion
due to selective fading and echoes. The range is also limited to the ground wave range,
so these frequencies may be duplicated at many points without interference. As the
frequency is raised, the range tends to approach the optical distance as a limit. Ezx-
periments with frequencies above 800,000 ke have, so faz, indicated that the maximum
range is limited to the optical distance. A number of possible applications are sug-
gested, based on the unique properties of these frequencies. A spectfic application lo
telephony between the Islands of the Hawaiian group ts briefly described.

OON after the commercial possibilities of high frequencies for
S long-distance communication became known, investigators found
that frequencies above 23,000 ke were apparently less useful
than the frequencies below 23,000 kc. Undoubtably, this was partly
due to the difficulty of producing considerable amounts of power above
23,000 ke with existing equipment. Aside from this, however, it was
quite definite that these higher frequencies were relatively limited
in their hours of usefulness and were quite sensitive to magnetic dis-

turbances, particularly on long-distance east-west circuits.
However, in spite of these apparent limitations, many investi-
gators in the communication field continued to make studies of the

" propagation possibilities of these higher frequencies.

It is the purpose of this paper to describe briefly, a series of in-
vestigations made on these ultra-high frequencies by the engineers of
the Radio Corporation of America and R.C.A. Communications, Inc.

* Decimal classification: R423.5 Original manusecript received by the Insti-

t’ilé%el, April 24, 1931. Presented before Boston Section of the Institute, May 15,
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HisToricaL

Since the major interest of radio communication companies up
to the present time, has been in connection with long-distance com-
munication, our early efforts were concentrated on the long-distance
propagation possibilities of these ultra-high frequencies. Consequently,
this paper includes studies of transmission beyond the optical range, as
well as within the optical range.

Several years ago, a simple regenerative receiver was developed
which was sensitive enough to pick up 60,000-kc¢ harmonics at River-
head, L.I., from short-wave ¢ransmitters at Rocky Point, L.I., a dis-
tance of about fifteen miles. A transmitter using two 150-watt tubes
was then set up at Bush Terminal in Brooklyn, N.Y. It was estimated
that this transmitter developed about 80 to 100 watts in the antenna at
a frequency of 55,500 ke. The antenna was located on one of the towers
of the marine station “WNY” as high above all obstructions as pos-
sible.

The simple regenerative receiver was placed aboard a ship running
from New York to San Juan, Porto Rico. W. I. Matthews was as-
signed to this ship for making observations.

The signals from this transmitter were strong with the ship at her
dock. As the ship sailed the signals gradually became weaker, finally
disappearing at a distance of about 40 miles. The Bush Terminal signal
was not heard again during the entire round trip. However, on the trip
north, harmonics of the Rocky Point transmitters WLL and WTT were
heard for a short time at a distance of nearly 900 miles. These signals
were between 50,000 ke and 60,000 ke and were, apparently, the third
harmonics of the above-mentioned transmitters. They were heard for
only a short time and were not heard at lesser distances during the
voyage.

The results of the ship tests were encouraging, so it was decided to
make further investigations with more powerful transmitters and a
more sensitive receiver. A receiver was built having two stages of high-
frequency amplification, using special UX-222 tubes. This receiver
was mounted in a Ford sedan. A water-cooled tube was used at the
transmitter and was adjusted to take an input of about 7 kw at all fre-
quencies between 50,000 and 30,000 ke. The average power in the an-
tenna was probably around two or three kilowatts, being rather lower
on the longer waves due to losses in the chokes. This transmitter was
located in a special building at Rocky Point, and was used with a verti-
cal doublet, a horizontal doublet and a beam antenna, the latter di-
rected towards Havana.

With this improved receiver mounted in the Ford car, tests were
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first made around Long Island listening to Rocky Point transmitting
on 50,000 ke. The signals were heard at Montauk Point, a distance of
about 60 miles. It was found that the signals were weak with the re-
ceiver on low ground, but were strong with the receiver on hilltops.
This demonstrated that the 50,000-ke signals could be heard beyond
the distance of direct vision, aud that elevation was apparently im-
portant.

After completing these preliminary tests, Matthews started south
with the test car, listening to Rocky Point transmitting on 50,000 ke
with the water-cooled tube and radiating on the vertical doublet. This
signal was heard well at Atlantic Highlands, N.J., 265 feet above sea
level, but it was very weak at sea level. The distance was about 67
miles, indicating that the normal level ground range would be around
40 miles. The signal was algo heard at Shark River Hills, near Belmar
N.J., a distance of about 90 miles. The signal was fairly strong there,
but fading was quite violent. A conservative rating for good reception
would be about 80 miles, with the receiver on a moderately high hill

From Belmar, Matthews went on to Ocean City, N.J., then Cape
Mayv, N.J., then Ocean City, Md. Nothing was heard for days, except-
ing on one occasion at Ocean City, Md. This occasion is very well sum-
med up in Matthew's log, which reads as follows:

“11:52 a.M.—As I had been listening for the last two days and noth-
ing was heard, and this morning tuning continuously since 9:30 o’clock
in the vicinity of 2XT, I set the dials on his wave and left them there.
While I was thinking about what moves I should make, and where to
try next, the signal suddenly burst in. It did not drift in, the intensity
coming up slowly, but came in RS and stayed in for about 30 seconds,
the same strength. It went out the same as it appeared, suddenly. I
was so surprised that I did not touch the dials for at least five minutes.
Then I tuned around for the signal, thinking it might have drifted.
Only once did I hear it, at 12:01, a very faint dash was heard.”

The distance from Rocky Point to Ocean City is about 238 miles
and the transmitter was on the vertical doublet at the time. Matthews
requested that the transmitter be put on the beam antenna at alternate
hours on the following day. He listened all day, but heard absolutely
nothing.

From this point he moved on to Virginia Beach, Va., Cape Henry,
Va., Kitty Hawk, N.C., Sumpter, S.C., Titusville, I'la., and finally
Palm Beach, Fla. Nothing was heard at any of these places, although
very careful observations were made. This group of tests was finally
terminated at Palm Beach, Florida.

It appeared quite conclusive that it was impossible to duplicate
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the results on the ship when the signal was heard at a distance of over
800 miles. The experience at Ocean City, Md., was a very strong indi-
cation that all of the long-distance signals on 50,000 and 60,000 k¢ were
caused by some temporary abnormal condition. Certainly the long-
distance signals were not normal phenomena for these frequencies.

In the meantime the old transmitter at Bush Terminal was re-
moved and placed on an Eagle boat at New London for tests. A receiver
was placed on a similar boat. It is estimated that the transmitter put
about 100 watts into the antenna at 55,000 ke. G. S. Wickizer, who
made the tests, reported that the range was about 12 miles with this
equipment. He also noted certain directional effects, that is, it was
easier to transmit and receive towards the bow of the boat, due to less
shielding from the superstructure. Considerable trouble was experi-
enced due to vibration at both receiver and transmitter. Doubtess, the
range could be increased somewhat with higher antennas, and equip-
ment designed to withstand vibration.

The second group of tests observed by Matthews was started from
Riverhead in the Ford car, shortly after his return from the Florida
tests. The Rocky Point transmitter “2XT” was tuned to 42,000 ke,
using a horizontal doublet. The signal was heard at Atlantic High-
lands, N.J., but apparently no better than the 50,000-kc signal. The
signal was better further on at Shark River Hills. The signal decreased
towards sea level just as in the case of 50,000 ke, but not as markedly.
At Cape May Lighthouse, 184 miles from Rocky Point, the 42,000-ke
signal was fairly steady, using an antenna on a 50-foot tower. The sig-
nal was also heard at Ocean City, Md., 238 miles away, and was last
heard at Kitty Hawk, N.C., 390 miles away. At Kitty Hawk, the sig-
nal was heard for only a few seconds at a time and was entirely unre-
liable. At Ocean City the signal was also rather unreliable due to vio-
lent fading, but it was better at Bethany Beach, Del., a few miles
north, where a 35-foot pole was available for the antenna. The trans-
mitter used a horizontal doublet during all of these tests.

While Matthews was at Kitty Hawk, the Rocky Point transmitter
was tuned to 36,600 ke. The signal was received very poorly, but con-
siderably better than the 42,000-ke signal.

The 36,600-kc signal was not heard beyond Kitty Hawk, indicating
that under the existing conditions, 390 miles was near the limit of the
ground wave range for this frequency and was at the very outer fringe
of the ground wave range for 42,000 ke. It was evident that the ground
wave range on 36,600 ke and 42,000 ke was greatly in excess of the
ground wave range on 50,000 and 60,000 ke.
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While at Kitty Hawk, signals were picked up from a harmonic of
«XDA” Mexico City. This harmonic was very close to 2XT on 36,600
ke, and was much stronger than 2XT, although the distance to Mexico
City was around 1600 miles.

Proceeding further south, listening tests were made at several points,
but the 36,600-ke signal from Rocky Point was not heard again.

While listening at Brunswick, Ga., Matthews heard harmonics of
several stations, these harmonics ranging from 33,000 to 43,000 ke.
Among the stations heard were LP1, LP2, LP3 (Buenog Aires), and
IKMM (Bolinas, California). These signals were heard with excellent
intensity at Wilmington, N.C., Kitty Hawk, N.C., Cape Charles, Va,,
and Asbury Park, N.J. Some other harmonics from stations to the
south were heard, but no stations to the east were intercepted. In all
cases, these long-distance signals were heard only during all daylight
conditions.

Since the ground wave range of the ultra-high frequencies was con-
siderably greater with the receiver located on hill tops, it was con-
sidered highly desirable to malke some tests with the receiver located at
a considerable altitude.

Accordingly, the Rocky Point transmitter was again tuned to
50,000 ke, radiating on a horizontal doublet. The receiver was installed
on a dirigible using a small horizontal doubles, “for the antenna. With
Matthews aboard as observer, the ship was ﬁrst flown toward Rocky
Point until the 50,000-kc signals were picked up. Then the ship was
navigated at different altitudes up to 2500 feet, and at different dis-
tances up to 150 miles from Rocky Point. At this distance on the
eround, or on a hilltop, no signals had ever been heard on 50,000 ke,
aside from the single ocecasion of a few seconds at Ocean City, Md. On
the dirigible, the effect of altitude was found to be very marked and, at
a distance of 150 miles, the signal could not be heard below an altitude
of 1000 feet, but was strong at 2000 feet.

The receiving antenna was found to be quite directive, and was also
found to be shielded by the metal framework of the dirigible. The maxi-
mum signal was received when the horizontal doublet was broadside
to Rocky Point with the ship turned so that the doublet was on the side
of the ship nearest the transmitter. This directive effect rather com-
plicated the analvsis of the results, yet the effects noted were qualita-
tively very definite. There was no question about the marked increase
in range with the receiver at a high elevation.

For the next group of tests, the Rocky Point transmitter was tuned
to 33,000 ke. Matthews started towards Montreal with the receiver in
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Fig. 2, is an attempt to show qualitatively, the transmission char-
acteristics of 37,500 ke and 43,000 ke. The reliable gound wave range
lies above “R5,” so the “R5” range checks approximately with the
ground wave range indicated in Fig. 1. For example, the 37,500 ke
curve shows that the signals were fairly reliable at 150 miles, but were
heard as far away as 400 miles, although they were extremely erratic
at the greater distance, as indicated by the tests at Kitty Hawk, N.C.
Beyond the 400-mile distance, the signals appear to “skip” up to about
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Fig. 2—Curves showing variation of signal intensity with distance.

1600 miles, at which point the signals begin to come in again during
“all daylight” conditions. The signals become fairly good again in the
range from 2500 to 5000 miles, as shown by Fig. 2. This sky wave
curve is made up of all the harmonics observed between 33,000 ke and
43,000 ke. It should be noted that these harmonics were received mainly
from the south and west under all daylight conditions, whereas, the
ground wave range is practically independent of time of day.

Some of the long-distance signals below 43,000 ke were received well
enough to indicate a possible value for long-distance communication
purposes, although these frequencies did not appear to be nearly as re-
liable as the lower frequencies, and also appeared sensitive to magnetic
disturbance. It was noted that certain transmitters appear to radiate
strongly on these high frequencies, while similar transmitters near the
same frequency at the same location, cannot be heard at all.
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Fig. 3, is an attempt to show the effect of the altitude of the re-
ceiver on the reception of the ground wave on 50,000 ke. The data for
these curves were taken partly from the dirigible observations, and
partly from other observations. It is evident that the reliable ground
wave range of 50,000 ke might be extended from 30 miles to 150 miles,
or more, if the receiver or transmitter, or both, can be suitably located
at high elevations. At a distance of 100 miles, with the transmitter at
sea level, the receiver would have to be located at an elevation of about
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Fig. 3—Curves showing variation of signal intensity with distance and altitude.

6700 feet to obtain optical vision to the transmitting point. Since the
signals on the dirigible came in strong at 2000 feet, it is evident that
there must have been some bending of the wave at 50,000 ke.

Hawatian Isvanp TEsTs

I+ seemed obvious from the results obtained from the long-distance
tests, that circuits of commercial quality should be quite practicable on
these ultra-high frequencies if one or both of the terminals were suffi-
ciently elevated. A proposition where our conclusions might be put to a
practical test came to our attention while we were conducting these ing
vestigations. The Mutual Telephone Company of Honolulu, had for
some years, been studying the possibilities of interconnecting the vari-
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ous Islands of the Hawaiian group for telephone service. Fig. 4 is a
map of the Hawaiian Islands showing the telephone circuits desired.
The rough seas and depth of water between these Islands made the use
of submarine cable impracticable. Tests between the Islands with
radiotelephony on frequencies between 1500 ke and 5000 ke were none
too encouraging. Selective fading and strong atmospherics were ex-
perienced on those frequencies. To overcome these obstacles would
call for an investment unwarranted by the probable earning power of
the circuits. The ultra-high-frequency spectrum seemed to offer a pos-
sible solution.
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Fig. 4—Map of the Hawaiian Islands showing proposed radio links for intercon-
necting the telephone systems on the major islands of the group.

W. 1. Harrington of the Mutual Telephone Company, had con-
ducted a series of tests on 60,000 ke, obtaining a range of up to 80
miles. The transmitter was situated at an elevation of about 100 feet
in a suburb of Honolulu. Receiving tests were made at various loca-
tions in the vicinity of Koko Head, Oahu, and on the Islands of Molo-
kai and Maui, at elevations up to 500 feet. These tests gave consistent
results and indicated that better results might be expected if sufficient
altitude could be obtained at the terminals. It was decided that a more
extensive study should be made, and J. A. Balch, President of the
Mutual Telephone Company, arranged for the coéperation of the
Radio Corporation of America.

Accordingly, W. I. Matthews and S. H. Fifield, were sent to Hono-
lulu with two complete transmitters and receivers, specially prepared
to make the desired telephone tests. The transmitters were of the
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modulated power oscillator type, with long line frequency control.!
The oscillator consisted of two UX-852 tubes operated push-pull. An
output of about 75 watts could be obtained at frequencies between
37,000 ke and 60,000 ke. Fig. 5 shows one of the transmitters used. The
plate supply rectifier and the modulator system were built into the
unit, making the apparatus convenient for survey work.

The receivers were of the superheterodyne type. Fig. 6, shows one
of the sets as used on this project. The first detector was preceded by
two stages of tuned r-f amplification using a special type of screen-grid
tube. A tuning range of from 30,000 to 65,000 k¢ was provided for. A
standard AR-1286 aircraft beacon receiver was used as intermediate-

! Conklin, Finch, and Hansell, “New methods of control employing long
lines,” to be published in a forthcoming issue of the Proc. [. R. E.
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frequency amplifier and second detector. Any intermediate frequency
between 250 and 500 ke could be used. As a rule, something on the
order of 500 ke was used. Quite satisfactory performance was obtained
with this combination of transmitting and receiving components.

One transmitter was set up on the Island of Oahu at a point known
- as Puu Manawahua. This site was at an altitude of 1700 feet and com-
manded unobstructed lines of sight to the other Islands with which it
was desired to establish comrnunication. In the beginning a simple
doublet Wasiused at the transmitter.

Fig. 6

The receiver was first taken to the Island of Maui, about 100 miles
away. Reception tests were made at two different sites, at elevations of
1000 feet and 2700 feet, respectively. The telephone transmissions from
Puu Manawahua were heard perfectly at both locations. The signal was
free from fading and had no diurnal variations. The operation of this
circuit was so easy that the receiving expedition decided to proceed at
once to the Island of Hawaii, about 190 miles away, where more diffi-
culty might be expected because of the greater distance involved.

The initial receiving tests on Hawaii, made at an elevation of 6200
feet on the slope of Mauna Loa, were suceessful. An intelligibility of
85 per cent was obtained. A carrier frequency of 37,500 ke was used
during this period. A site at Waikii at 4800 feet elevation was later
selected for more extensive tests. From a consideration of the distances
of direct visibility for the elevations of 4800 feet at the receiver and
1700 feet at the transmitter, it was calculated that the range of the sig-
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nal must have been greater than the range of vision by a distance of
56 miles out of the total of 190 miles traveled.

Successful transmission was also obtained over this circuit on
36,600 ke and on 42,600 ke. However, the signal strength on the latter
frequency was appreciably weaker.

A series of polarization tests werc conducted on 40,000 ke. A verti-
cal and a horizontal doublet were made available at the transmitter on
Oahu and schedules of alternately vertical and horizontal radiations
were arranged. The receiving site likewise had both horizontal and ver-
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tical doublets for observational purposes. It was definitely determined
that a signal radiated by a horizontal doublet was received best on a
horizontal doublet and that a signal radiated by a vertical antenna was
received best on a vertical antenna. This relationship was most fixed on
the shorter circuit between Oahu and a location on Maui, a distance of
127 miles. At Waikii, on the Island of Hawaii, there was evidence that
the polarization of the Oahu signal had a tendency to become twisted at
times. This tendency appeared in the form of fading. The periodicity
of this fading was very slow and the resulting signal variations were
easily eliminated with automatic volume control applied at the re-
ceiver. It was finally determined that vertical polarization was most
adaptable at these locations. This decision was influenced to quite an
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extent by the sloping nature of the terrain. The R.C.A. Model “B” di-
rective antenna which radiates vertically polarized waves, had been
chosen as most suitable for this work. This antenna consists of a number
of wires pointed in the direction of the circuit and inclined to the hor-
izontal at an angle of about 17 degrees.?

The directive antennas were next erected to establish a two-way
test circuit between Puu Manawahua (Oahu) and Waikii (Hawaii).
These antennas resulted in a very decided improvement in the cir-
cuit. It was determined that conversation could be held over the cir-
cuit with as little as 12 watts input to the transmitter anodes, when
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using these antennas. An extended period of two-way testing demon-
strated the commercial feasibility of this circuit.

Receiving tests (40,000 kc) were later made on the Island of Kauai,
91 miles distant from Puu Manawahua. Strong signals from Oahu were
received at an elevation of 700 feet and a usable signal level was ob-
served at sea level. While at Wauali, it was found possible to receive at
sea level, signals from Waikii (Hawaii), 280 miles distant. This un-
precedented range of the ground wave was probably due to the use of
directive antennas and to the favorable conditions of over-water trans-
mission.

Fig. 7 shows some relationships between altitude and distance
derived from these experiments in the Islands. These curves are plotted

2 P. 8. Carter, C. W. Hansell, and N. Lindenblad, “Development of direc-
tive transmitting antennas by R. C. A. Communications, Ine.,” to be published
in a forthcoming issue of the Proc. I. R. E.




Beverage, Peterson, and Hansell: Application of Frequencies 1327

on the assumption that transmitter and receiver are both at equal
elevation. The antenna input is 75 watts and the frequency 40,000 ke.
The R4 signal indicated for simple doublets, would make a commercial
circuit possible with directive antennas. The change in slope of the
curve suggests that for weaker signal strengths, the signal would be
heard at great distances with moderate elevations. The experience of
hearing Hawaii at Kauai supports this conclusion.

Fig. 9

The extended tests indicated a remarkable freedom from atmos-
pheries and selective fading. Conditions of cloudy weather had no
effeet on the circuits and no differences were observed between day-
light and darkness. On the strength of these findings, a telephoue not-
work using these frequencies has been planned for the Tslands and the
facilitics are in the process of preparation. Fig, 8 shows a dingram of the
channels conlemplated, These cireuits together with the facilities now
being installed by R.C.A. Communications in Hawaii to connect the
Mutual Telephons Company with the telephone system in S8an T'ran-
ciseo, will soon link the important Islands of [Tawail, with many eoun-
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tries through the world-wide telephone system of the American Tele-
phone and Telegraph Company.

To reduce operating costs to a minimum, receiving and transmit-
ting apparatus will be installed in the same building. The apparatus is
of such design as to require a minimum of attention. Fig. 9 shows the
type of receiver that will be used on these circuits. The upper box con-

Fig. 10

tains the high-frequency unit. To prevent drift of oscillator frequency
with change of temperature, the entire unit is enclosed in a tempera-
ture controlled, heat insulated box. Fig. 10 shows this unit with doors
open. It is expected to have these circuits in commerical operation be-
fore the end of 1931. '

TesTs WIiTH AIRCRAFT

Because of the advantages of altitude already indicated, it was
thought probable that these frequencies might be of some service in
aircraft radio applications. A UX-210 oscillator delivering about one
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walt of energy to a horizontal doublet was mounted in an airplane
and some range tests were conducted, transmitting to a fixed receiving
site situated at Riverhead, L.I., about 80 feet above sea level. The
plane was heard at distances up to about 100 miles during these ex-
periments. These tests were conducted on a frequency of 60,000 ke.
The same apparatus gave a maximum range of only three miles over
flat country with the transmitter located in an automobile.
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Fig: 11—Curves showing height required at a given distance for com-
munication from ground to plane on 47,000 ke.

It was observed that at all times, the plane had to reach sufficient
altitude to command an unobstructed path to the receiving site. It was
not possible to communicate over circuits requiring the signal to follow
the curvature of the earth part of the way. This reluctance of the signal
to follow the curvature of the earth might have been partly due to the
higher frequency used (60,000 ke). It might also have been partly due
to the small amount of power.

At a later date, range tests were conducted with a receiver mounted
in a plane and a transmitter situated near the west side of New York
City about 50 feet above sea level. The transmitter was a crystal con-
trolled telegraph set delivering about 100 watts to the antenna at a fre-
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quency of 47,000 kc. The receiver was a superheterodyne of the same
type as used on the Hawaiian Islands survey. A vertical antenna was
used at the transmitter and a trailing wire was used for receiving on the
plane. This trailing wire was reeled out to a length equal to four wave-
lengths. Since the tests were conducted with the plane flying away from
the transmitter, the directive properties of this sloping wire trailing out
beneath the airplane were correct for best reception.

The data obtained in these tests from ground to plane are sum-
marized in the curve Fig. 11. The curve showing the altitudes required
for direct line visibility of various distances is shown for comparison. It
should be noted that the altitude required was, in general, greater than
that required for direct visibility. This checks with the results previ-
ously discussed for the case of transmission from plane to ground. One
explanation for this high altitude requirement, especially for the dis-
tances within 50 miles of the transmitter, might be the fact that the
signal had to travel over New York City. Since the transmitter was
situated at a comparatively low altitude, the signal was probably seri-
ously obstructed at the start. Another handicap in these tests was the
ignition noise level on the plane. The ignition system was completely
shielded in the conventional manner found effective on lower frequen-
cies, but considerable noise level was experienced on 47,000 ke. A
special type of shielding might be necessary for the ultra-high fre-
quencies.

It would seem that these high frequencies have properties that will
make them useful for certain types of aireraft work. The small size of
the antenna systems required and the possibilities for reducing weight
of equipment are desirable features for this class of service.

DirecTioNn FIiNDING

During some of the work between plane and ground, a horizontal
doublet which could be rotated about a vertical axis, was available.
This antenna was found to be a fairly effective direction finder. The
signal strength was zero or minimum when the doublet was oriented so
as to point at the transmitter. The horizontal doublet on the plane was
likewise found to be quite directive. Rotating directive beacons using
these ultra-high frequencies might be quite useful in the navigation of
aircraft in thick weather.

A possible application for high-frequency direction finding as an aid
to navigation, presented itself in the form of the New York Harbor
ferryboat situation. These boats make scheduled trips back and forth
across the river in all kinds of weather. It is sometimes so foggy that
visibility is limited to a few hundred feet or less. If, in making a cross-
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ing, a detour has to be made to avoid another vessel, it sometimes
becomes quite difficult to find the slip on the other side. Radio direc-
tion finding on the usual frequencies would be objectionable because of
the interference it might cause to other services. The comparatively
great number of channels available in the ultra-high frequency part of
the spectrum, encouraged a consideration of using 60,000 ke for this
work.

Accordingly, a series of experiments were conducted on one of the
New York Central Railroad Company ferry boats operating between
Weehawken, N.J., and Manhatten Island. The Hudson River is about
a mile wide at this point. The 60,000-kc transmitter was mounted in
the loft of the Weehawken ferry slip. The antenna was well above the
roof at an altitude of about 100 feet above the river. The carrier was
modulated with a characteristic tone and the set left running continu-
ously.

A simple tuned r-f receiver was used on the ferry. A horizontal
doublet was mounted at the upper end of a brass tube extending up
through the roof of the wheel house. This doublet could thereby be
rotated about the vertical axis. The energy from the doublet was car-
ried down inside the vertical tube on a two-wire transmission line. The
lower end of the tube fitted into the top of the receiver, completing the
shielding.

(Quite sharp bearings werc obtained and it“was demonstrated that
it should be uite practicable to find the slip in foggy weather by these
means. It also beeame apparent that the same facilities might be used
to advantage as a medium of communication between the central
office and the various boats en route. Such facilities should be very use-
ful in certain emergencies.

It was obgerved that the signal intensity varied up and down at
regular intervals as the ferry moved across the river. This condilion
was most likely due to an interference patiern resulting from the com-
bination of the energy coming drectly from the transmitiing antenna
with that which was reflected from the water somewhere between the
transimitter and recciver.

A few tests were conducted to determine the shielding effect of cily
buildings. A recciver was mounted in a test car and continuous obger-
vations of the Weehawken signal were coudueted while driving through
various streets on the Manhattan side of the river. Jt was found that
the signal could be heard in streets four or five city blocks back from
the water front. Driving along a street parallel to, and several blocks
haek from, the river, it was found that the signal steength ineroased
greatly whenever one of the strects perpendicular to the river was
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crossed. This suggests that buildings may serve as fairly effective re-
flectors. Thus it might be possible to obtain quite effective broadecast
service to all parts of a city if the transmitter is situated at the top of
one of the tallest buildings. Due to the obstructions in city areas, how-
ever, the service range will be much less than is indicated in Fig. 1, par-
ticularly for high-grade entertainment broadecasting and television.

CONCLUSIONS

This paper has narrated in a more or less chronological order, a
number of experiences in the operation of ultra-high-frequency radio
equipment. Certain definite propagational properties have been in-
dicated, some of them semiquantitatively. It is felt that more research
should be carried on along similar lines to establish more quantitative
relationships that might be used in the engineering of circuits. It
might be a fitting conclusion to this paper, to enumerate some of the
uses for which this part of the spectrum might be especially well suited.

As might be concluded from the work that has been described, fre-
quencies above 45,000 ke do not seem to be reflected back to earth by
the Kenelly-Heaviside layer, and, furthermore, as the frequency is
increased, the maximum range tends to approach the optical range
as a limit. This limitation should in many cases, prove an advantage.
It should eliminate the selective fading effects and frequency distortion
now so troublesome on the lower frequencies. It should furthermore,
be possible to use the same frequency channels over and over at geo-
graphically separated pointson the earth.It is suggested that the ultra-
high frequencies hold forth promise for many applications, a few of
which are enumerated herewith:

(1) Point-to-point communication up to 300 miles between moun-
tains.

(2) Ground-to-aircraft communication up to at least 100 miles and
communication between aircraft.

(3) Point-to-point communication between high buildings or
towers up to 50 miles or more.

(4) City police alarm distribution up to a few miles. Portable re-
ceivers may be carried by scout cars.

(5) Possible application to high speed visual image distribution
over local areas.

(6) Local audio, facsimile, or ticker distribution.

(7) Communication and direction finding for ferryboats, tugs, and
harbor craft.

(8) Marker beacons for air and water craft.
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Some of these short distance services have been suggested by other
investigators, particularly by engineers of C. Lorenz-Aktiengesell-
schaft of Germany,*who have carried out some very interesting studies,
especially in the optical range. R.C.A. Communications’ engineers
have also made some experiments using frequencies above 300,000 ke
over distances up to the limits of the optical range. They have had a
{wo-way circuit in experimental operation on 460,000 ke (65 centi-
meters) for an extended period. 1t is hoped that this work may be
published in the L.R.E. ProceEDpINGS at some future date. Their ex-
periences with frequencies above 300,000 ke check very well with the
results reported by Eduard Karplus in a paper presented before the
Institute of Radio Engineers in New York on April 1, 1931.# Similar re-
sults have recently been reported in the press by the International
Telephone and Telegraph Company, and their associates, in connection
with a demonstration of telephony and facsimile across the English
Channel, using frequencies above 300,000 ke.
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AUTOMATIC COLOR ORGAN*
By
EpwaARrD B. PATTERSON

(Engineering Department, R.C.A. Victor Company, Inc., Camden, N. J.)

Summary—The automatic color organ, a by-product of radio, produces colors
by means of music and synchronizes colors with music. Acoustic power on the
order of microwatis controls lighting power of hundreds to millions of waits, which
15 varted in accordance with rapid fluctuations of the input.

INTRODUCTION
WHILE the primary purpose of this paper is to describe an
‘ instrument which automatically produces colors by means of
music and synchronizes colors with music, there are a number
of important factors to be considered as far as its entertainment value
is concerned.

The device itself makes commercially possible the control of an
ouput ranging from hundreds to millions of watts, by a few microwatts
of acoustic power from music or voice. With a lighting load, it then
becomes what is termed a color organ and thus enters the field of color
music.

Color music, as an art, has been under consideration for several
centuries, and it is only natural that experimenters have been attracted
by its vast possibilities. Many have treated color as an art totally
divorced from music by appealing to the sense of sight by colors in the
same manner as music to the sense of hearing. Others have endeavored
to correlate color and musie, thereby simultaneously appealing to both
senses with consequent greater emotional and @sthetic values.

Music As AN ART

To understand the problem more definitely, a brief résumé of musi-
cal history may be of interest.

Occidental music is traced from the Assyrians and Egyptians by the
wall paintings and bas reliefs, which have been preserved to us. Egypt
had a definite musical science before 3000 B. C., and during the Golden
Age music was not only employed as a social diversion, but also for
religious services. The Hebrews and Greeks obtained their knowledge
from the Egyptians, and our present day music, as distinct from the
tom tom drummings of the savages, may be traced from them.

It is interesting to note that music, while related to the develop-
ment of civilization, is always the last art to be developed seriously.

* Decimal classification: R590. Original manuscript received by the Insti-
tute, April 9, 1931. Presented before Sixth Annual Convention, June 4, 1931,
Chicago, Illinois.
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Painting and architecture, followed by literature and drama, come first,
and music is last. Yet with the primitive man, music is first.!

By referring to Helmholtz? the answer seems plain. He states music
was forced to select artistically and then shape for itself the material
with which it works Painting and sculpture find their materials in na-
ture itself. Likewise poetry finds its material in words of language.
While architecture must create its forms, these are forced upon it by
technical and not purely artistical considerations. Musie, on the other
hand, has a greater and more absolute freedom in the use of material
than any of the other arts. Hence without any guides or external land-
marks a difficult task is faced, which must be undertaken slowly. If this
is true for music, how much greater are the obstacles in the way of ob-
taining color music. Surely freedom is available in this field

Sigur axp HEArING

The senses of sight and hearing are superior to our other senses.
They are removed from the necessary life functions. Colors and tones
are rather semblances or distant signs of material realities than the
realities themselves. Therefore, the senses are particularly fitted for
westhetic perception with its calm and dreamlike detachment. In addi-
tion, by these senses a number of persons may join in a common act of
sesthetic contemplation, and in doing so, it permits the impressive con-
viction that msthetic experience is a common possession and a form of
social enjoyment. Furthermaore these two senses most readily increase
perceptual enjoyment through their resonant effects of sympathy.?

Music deals with longitudinal vibrations in air, having a frequency
range from approximately sixteen to forty thousand cycles, with a
speed about one-fifth mile per second. Although the frequency range
impresses eleven octaves, only seven are used musically.* Pitch deter-
mination is only possible from twenty to twenty thousand cycles.?

Color, on the other hand, is due to transverse vibrations in the so-
called ether, embracing an approximate wavelength range from red at
0.0007 millimeters to violet at 0.0004 millimeters for good visibility, or
less than one octave. Expressed in frequency the approximate range is
from (red) 430,000,000,000,000 to (violet) 750,000,000,000,000 cycles.
The eye responds to radiation between indefinite limits from 300 to
1000uu (millionths millimeters).® The speed of light is roughly 900,000
times that of sound.

! Faulkner, What We Hear in Music.

* Helmholtz, Sensations of Tone.

¢ Encyclopaedia Britanniea, (Aesthetics).

¢ Glazebrook Die. Agg Physms, (Sound).

$ Fletcher, Speech and Hearing.
6 Nuttmg, Bull. Bur. Stand., 5 2, 1908-1909.
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I't seems that to correlate sound and color is at once impossible of
solution. In spite of this, pleasing results can be obtained, for ®sthetic
enjoyment is not based on formula.

With color, the eye perceives three factors—hue, degree of satura-
tion, and brightness. The hue is the wavelength of the monochromatic
radiation, and saturation depends upon the amount of white light in
the total.
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The perception of hue and the rate at which it changes with wave-
length is very irregular. With two adjacent areas illuminated with
monochromatic light of different hues or wavelengths, it is possible to
determine the extent by which they must differ in order to be percep-
tible. This is shown in Fig. 1.7

It will be seen that & great difference is necessary at the extreme
red and violet ends of the vision range, and thus the eye, in this par-
ticular respect, performs as does the ear at the extreme ends of the
audio spectrum where variations in pitch are difficult to determine
within narrow limits.’

Of particular importance from a lighting standpoint is the chart
in Fig. 2, which records results made with a number of observers on the
visibility of various colors.8 Red at 0.70 x and violet at 0.40 u to be seen
with the same intensity as yellow-green at 0.56u must have many times
the energy flux of yellow-green. Consequently in arranging for lighting
loads this factor must be carefully considered in order to secure color
balance. Here again the eye and the ear have a part in common, as the
ear has a sensitivity curve somewhat similar.s

With the foregoing relations in mind, we are now in a better posi-
tion to discuss the color music and its harmony.

7 Glazebrook Dic. App. Physics, (Eye); Jones, Jour. Opt. Soc. Amer., i, 63,
1917; Nutting, Bull. Bur. Stand., 6, 1, 1909-1910.
8 Coblentz and Emerson, Bull. Bur. Stand., 14, 1918-1919.
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CoLor Music

Klein® has very ably covered its history, the color organs devised
for color projection, and the color scales. The control of most of the
instruments, which have found favor in the past, has usually consisted
of a keyboard similar to that of a piano or a series of levers for manual
operation. Notable devices of this type have been built by Castel,
Remington, Greenewalt, Wilfred, Hector, Luckiesh, Klein, and others.
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Fig. 2—Composite visibility curve of 125 persons.

Wilfred, in addition to the manual control, has also developed a me-
chanically driven Clavilux requiring no keyboard. Colors are obtained
by the projection of white light through a painted disk. With this pre-
determined selection, the colors may be repeated at will. Other controls
have been added to provide for patterns and background lights. His
designs are very beautiful and have a dreamlike character, which aids
in the appreciation of the exhibit. As far as it is known, the only devices
to appear commercially are those operated by hand or mechanical
drive.

While a knowledge of apparatus employed in the past and present is
of importance, the color scales or harmony systems are of prime interest.
It is to be expected that color schemes analogous to musical scales have
received considerable attention. According to Klein, Aristotle can be
credited with the first thought along this line and he has been followed
by a host of others.

A typical scale is Remington’s, which he used with his keyboard

® Klein, Color Music—The Art of Light.
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color organ with and without musical accompanyment. He assigned to
the note C—deep red, D—orange-crimson, E—yellow, ete., through
the octave to violet. For the next higher octave he assigned the same
colors but with less saturation. Scriabine also had a scale wherein colors
were assigned positions with respect to the musical frequencies.!o

While we can appreciate the very natural tendency to associate
color with music in this manner, with some thought, it does seem other
systems would be less artificial.

It is generally recognized that colors do exert, over the majority of
us, a profound influence. The following table by Luckiesh! gives a
series of colors with the commonly associated reactions:

Red—warm, exciting, passionate

Orange—warm, exciting, suffocating, flowing, lively
Yellow—warm, exciting, joyous, gay, merry
Yellow-green—cheerful

Green—neutral, tranquil, peaceful, soothing
Blue-green—sober, sedate

Blue—cold, grave, tranquil, serene

Violet—solemn, melancholy, neutral, depressing
Purple—neutral, solemn, stately, pompous, impressive

By studying the frequency content and the general mood of the
music played, it is possible to employ colors which aid in the inter-
pretation of the mood. At least the goal should be the correlation of the
moods even though the accomplishment may not be perfect.

A method of cuing the color to music is to assume that the bass
notes of the drum indicate an effort, on the part of the composer, to
create a stirring effect and hence a red color, In practice red may
usually be assigned this position. The other colors, however, represent
more of a problem.

DEsigN

With the discussion of the important factors of color music, we are
in a better position to design the instrument.

It is first of all necessary to segregate certain bands of audio fre-
quencies which will serve to actuate lights of various colors. .

Because of the variation of the audio content, the mood expressed
in the music, and of the natural tastes of the audience, a switching
means should be provided to permit easy interconnections between the
audio bands and the colors.

A choice of the colors to be projected must also be given considera-

10 Luckiesh, Color and Its Applications.
11 Luckiesh, The Lighting Art.
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tion. There is a difference between the mixing of colored lights and the
mixing of pigments, as the results are diametrically opposite. The effect
of mixing colored lights is to produce a color which is more nearly white
than its components, whereas the mixing of pigments as for a filter is to
produce a lower transmission than either of the {wo components.'
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Fig. 3—Automatic color organ.

Since it is possible to match every known color by mixing correctly
colored lights of red, green and blue,* it seems desirable to employ these
colors and in addition clear light, which permits variation of satura-
tion.

The color organ must provide means to amplify the music picked
up by a microphone or from a record or radio in order to attain suffi-
cient amplitude for control purposes. Means must also be provided to

control a light source in accordance with the rather rapid pulsations
from the musie.

E 12 Jolley, Waldram, and Wilson, Theory and Design of [luminating Eng.

quip.
* Luckiesh suggests red with dominant hue near 0.66u, green near 0.5y,

and blue near 0.45u for this purpose, although other sets may be employed.!
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The general layout of the equipment to meet the requirements is
shown in Fig. 3, and the general plan is much like the original working
model designed some years ago. At that time thyratrons were not avail-
able and rectified audio frequency was employed to close a series of
sensitive relays which, in turn, controlled the lighting load.

At the left of the diagram are the various inputs, such as radio,
record and microphone. Next is the switching device to connect them
to the input amplifier. Here a standard amplifier with a ’27 for the first
stage is transformer coupled to two '45 tubes in push-pull. A standard
last stage of two ’50 tubes in push-pull drives the color circuit. Several
types of push-pull last stages may be used for the loud speakers de-
pending upon requirements.

From the color amplifier, the audio frequency passes through a
series of filters. Actual practice has shown four will usually be sufficient
and they are represented in the diagram. The audio frequency from
these filters is connected to rectox rectifiers and the direct current thus
obtained serves as the control for the type FG-27 thyratrons, one cir-
cuit of which is shown in Fig. 8 and described later.

Provision is made for individual color volume controls, as these are
of advantage in balancing the colors or causing certain colors to pre-
dominate. Patch cords connect the various filter circuits to the various
thyratrons and their colors and permit any audio band to control any
color.

Other arrangements are, of course, possible but the equipment
represented in Fig. 3 permits the use of standard parts without recourse
to new designs.

The thyratrons are connected in push-pull to avoid the possibility
of flickering on account of the sixty-cycle power which is applied to
them.

While the power obtained from the thyratrons is on the order of
five hundred watts for each set of tubes, this is not sufficient for com-
mercial purposes. Hence output saturating reactors are introduced and
with these it is possible to control 50 kw of load for each set or 200 kw
for eight tubes. Because of the color balance required, the entire
amount cannot be realized or else the clear or white light would greatly
exceed the other colors. However, thyratrons may be connected in
parallel for the weaker colors, thereby controlling more power and thus
balance is maintained economically. '

TrYRATRON CONTROL
Of particular interest is the thyratron control, without which the
enormous amplification of microwatts to millions of watts would not
be economically feasible.




Patterson: Automatic Color Organ 1341

Hull®® describes the thyratron as consisting of a cathode, grid,
anode, and a small amount of inert gas. It is possible to start current
through the tube as an arc by the grid. However, after starting, the
grid exerts no further influence. To stop the arc, the anode voltage must
be removed. Because of this characteristic the tube lends itself to a-c
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operation as the anode voltage necessarily passes through zero peri-
odically and stops the current which may then be restarted by the grid.

Fig. 4 shows the simplest method of operation. The grid-voltage
critical value (indicated by the dotted line) is where the current will
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just start. With the grid voltage more negative than this value no
current flows. As the grid becomes less negative than the critical value
current flows for the remainder of the half cycle.

Hull® describes another method of control illustrated in Fig. 5.
Here alternating voltage is impressed on both the grid and anode and
the phase of the grid is varied with respect to the anode. The grid,
almost out of phase with the anode voltage, is shown at (A) and no
current flows except at the end of the cycle. With the voltages more
nearly in phase the current starts in the middle as at (B), and when in

13 Hull, Gen. Elec. Rev., 32, No. 7.
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phase current starts at the beglnnlng of the cycle and concinues, as

shown at (C).
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Fig. 6
The phase variation may be accomplished by combinations of re-
sistance, inductance, and capacity. Fig. 6 shows a resistance control
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with inductance where the phase is retarded through 180 degrees, as
the resistance is decreased from a high to a low value. Fig. 7 shows a
capacity-resistance method.

In Fig. 8 is a control circuit, which has been found particularly
useful, as it permits control of the thyratron by rectified audio fre-
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quency. Variation in the sensitivity of the circuit to the direct current
is obtained by adjustments of resistor (R). -
The thyratron tube cabinet is shown in Fig. 9. The transformers

Fig. 9
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and incidental equipment are mounted in back of the panel. A second
cabinet of similar size contains the audio-frequency amplifiers.

Fig. 10 shows the control cabinet. In the upper right-hand corner
are controls for varying the intensity of the various colors. Patch cords
are provided to interconnect the jacks from the filters to the thyratrons

Fig. 10

controlling the color output. The top row of jacks is provided to read
saturating current of the saturating input reactors. The knob directly
under the meter is the master volume control for the light. The filters
are located in the bottom of the cabinet. An automatic record changing
device is on the left-hand side. Auxiliary input controls are not shown_

OPERATION

In operation, the musical selection is played to determine its audio-
frequency content and its mood. With patch cords, connections are
made from the various audio-frequency bands to the lights. In many
cases the arrangement will consist of red at low, blue and green for the
intermediate frequencies, and amber or white for the high frequencies.
If there is a preponderance of one band of frequencies, which may upset
the musical interpretation, it can be reduced by the individual band
controls, as shown at the cabinet above the two strips of jacks. The
particular arrangement of the equipment does not require any adjust-
ment for the average recording or musical selection, as there appears to
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be sufficient flexibility to take care of pianissimo and fortissimo pas-
sages.

It is possible, with special arrangements, to obtain a most sensitive
control, the colors following practically every change in the music.
However, violent fluctuations tend to become objectionable. Where
extremely rapid changes are required, incandescent lamp filaments
should not be too heavy on account of the time delay in heating and
cooling.

While we have roughly determined the color of the lights to be em-
ployed, the success of the presentation depends greatly upon the man-
ner of light projection and also on the introduction of some moving
patterns, which serve to relieve the possibility of monotony.

There are a number of effect machines to produce clouds, water-
falls, etc. These, for the most part, consist of a revolving or painted
disk in front of a spot light. These spots may be directed on a curtain,
and used in conjunction with ordinary border- and footlights as will be
found in a theater. '

Very elaborate lighting schemes are coming into prominence where
bare walls are painted by color patterns and projected pictures. These
systems serve to focus public attention on the lighting art, and lend
themselves to the easy adaption of color music.

Another application of the color device willLbe to fountains, where,
in addition to the color, it will also be possible to control water valves
where high amplitudes of music cause increased amounts of water
flow. In other words, if mechanical motion is required, it can be ob-
tained ag the color organ is not confined to a lighting load of incandes-
cent lamps.

A method now being investigated to produce variations in pattern
is along the lines of Miller’s Phonodeik.! Here audio-frequency vibra-
tions by means of a vibrating mirror, cause a spot of light to fall on a
revolving mirror, which, in turn, projects a beam of light of constant
intensity on a screen. This can he used with a color light, the intensity
of which varies in accordance with the music. In addition, a distorting
prism or crystal can be introduced in the path of the light {o secure a
distorted wave form, as this apparently is more pleasing (o the eye
hecause of ils added variation.

In the creation of palterns, moving or still, care must be exercised
in avoiding too definite a structure. The imagination is important in
giving ®sthetic enjoyment which cannot be realized to the fullest ex-
tent when the patiern is too concrele in form, even though it may be
very beautiful in design.

4 D. C. Miller, The Science of Musical Sounds.
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Where a microphone is employed with an orchestra some very ex-
cellent presentations can be obtained. The instrument playing a solo
part can be assigned a definite color and the microphone or micro-
phones can be placed in such a position that a very strong signal can be
received from the solo instrument. The band-pass filters are then em-
ployed, which embrace the frequency range of the instrument in ques-
tion. This permits the solo part to stand out very definitely in relation
to the background colors produced by the other instruments.

Last but not least, education plays an important part in the appre-
ciation of musical themes. More enjoyment is usually obtained in lis-
tening to a symphony if we understand what the composer is attempt-
ing to interpret. The same holds true for color, and explanations should
usually accompany presentations when it is at all possible to do so. In
this way the audience, if it is at all receptive, is in a better position to
understand the color technique.

CoNcLUsION

It is difficult to predict the future of color music. However, it is
believed the radio by-product described in this paper will be a tool in
advancing the struggling art. Certainly the main task to be undertaken
now is in the creation of projection apparatus to permit the rendering
of color in a form as appealing to the eye as a symphony is to the ear.
The artistically inclined lighting expert should find this a fertile field.

Success should attend those who nurture the art if a sane and rea-
sonable attitude is pursued. Helmholtz? adequately covers the case
when he writes, “Beauty is subject to laws and rules dependent on the
nature of human intelligence. Art works with design, but the work of
art should have the appearance of being undesigned and must be judged
on that ground. Art creates as imagination pictures, regularly without
conscious law, designedly without conscious aim.”
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SOME DEVELOPMENTS IN COMMON
FREQUENCY BROADCASTING*

B
G. D. GiLLETT

(Bell Telephone Laboratories, New York City

Surmmary —This paper describes the results of the simullaneous operation of
radio stations WIHO and WOC broadcasting the same program on a common fre-
quency using independent crystal controlled oscillators. These stations had previously
been compelled to share time on 1000 k¢ and each is now able to render full time serv-
1ce.

The exceptional slability of the crystal controlled oscillutors used at each stalion
is described. Since even these oscillators require occasional readjustment to mainlain
them in isochronism, a monttoring recetver was established midway between the sta-
tions and the resultant program is sent back by wire line to WOC to provide an tndi-
cation for readjusting ils frequency to exact isochronism with WIIO. An audio oscil-
lator used to modulate the carriers in the montloring receiver provides a tone inde-
pendent of the program for the quidance of the operalor. Curves are presenled showing
the quality impairment caused by different degrees of isochronism and signal strength
ratios.

The improvement in distance reception with simultaneous operalion s reported
and an explanation given. The tmpaired reception in the area midway between the
stations and outside their normal service range is shown to be a function of the degree
of modulation of each transmitter, of the field strength ratio and of the audio phase
angle and independent of the carrier phase at the transmitlers. It is pointed out that
reception equal to that from either station alone may still be obtained tn this area by
the use of a stmple directive antenna

The marked increase in the service rendered by these stations through simultane-
ous operation 1s indicative of the improved service that can be rendered to urban areas
by common frequency broadcasting. Although it is probable that the high powered
station on a cleared channel will remain the best means of affording a high-grade
service to a metropolitan area while also rendering an acceptable service to large rural
areas, common frequency broadcasting now appears to offer definite means by which
lo provide an improved coverage to a number of noncontiguous communities.

HE development of chain broadcasting and the congestion in

the broadcast frequency range has naturally led to a considera-

tion of the possibilities of operating a group of stations on a
single frequency.! The possible usefulness of such a system has resulted
in a number of attempts to secure the additional coverage offered by
the simultaneous operation of two or more stations broadcasting the
same program on a common frequency. This problem has been attacked
in two different ways.

* Decimal classification: R550. Original manuscript received by the Insti-
?illt':e’ May 15, 1931. Presented before Sixth Annual Convention, June 4, Chicago,
inois.
... } De Loss K. Martin, Glenn D. Gillett, and Isabel S. Bemis, “Some possi-
bilities and limitations in common frequency broadecasting,” Proc. I.R.E., 15,
213-223; March, 1927. k
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Where a microphone is employed with an orchestra some very ex-
cellent presentations can be obtained. The instrument playing a solo
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phones can be placed in such a position that a very strong signal can be
received from the solo instrument. The band-pass filters are then em-
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tion. This permits the solo part to stand out very definitely in relation
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Last but not least, education plays an important part in the appre-
ciation of musical themes. More enjoyment is usually obtained in lis-
tening to a symphony if we understand what the composer is attempt-
ing to interpret. The same holds true for color, and explanations should
usually accompany presentations when it is at all possible to do so. In
this way the audience, if it is at all receptive, is in a better position to
understand the color technique.

CoNcLUsION
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believed the radio by-product described in this paper will be a tool in
advancing the struggling art. Certainly the main task to be undertaken
now is in the creation of projection apparatus to permit the rendering
of color in a form as appealing to the eye as a symphony is to the ear.
The artistically inclined lighting expert should find this a fertile field.

Success should attend those who nurture the art if a sane and rea-
sonable attitude is pursued. Helmholtz? adequately covers the case
when he writes, “Beauty is subject to laws and rules dependent on the
nature of human intelligence. Art works with design, but the work of
art should have the appearance of being undesigned and must be judged
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FREQUENCY BROADCASTING*
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G. D. GiLLeTT

(Bell Telephone Laboratories, New York City

Summary—This paper describes the resulls of the simultaneous operation of
radio stations WIHO and WOC broadcasting the same program on a common fre-
quency using independent crystal controlled oscillators. These stations had previously
been compelled to share time on 1000 ke and each is now able to render full time serv-
ice.

The exceptional stability of the crystal controlled oscillators used at each station
is described. Since cven these oscillators require occasional readjustment to maintain
them in isochronism, a montloring receiver was esiablished midway between the sla-
tions and the resultant program is sent back by wire line to WOC to provide an ndi-
cation for readjusting its frequency fo exract isochronism with WIHO. An audio oscil-
lator used to modulate the carriers in the monitoring receiver provides a ltone inde-
pendent of the program for the guidance of the operator. Curves are presented showing
the quality impairment caused by different degrees of isochronism and signal strength
ratios.

The improvement in distance reception with simwltaneous operation is reporied
and an explanation given. The impaired reception in the area midway between the
stations and outside their normal service range is shown (o be a function of the degree
of modulation of each transmitter, of the field strength ratio and of the audio phose
angle and independent of the carrier phase at the transinitlers. It is pointed out that
reception equal to thal from either station alone may still be obtained in this area by
the use of a simple directive antenna

The marked increase in the service rendered by these stations through stmultane-
ous operation is indicative of the tmproved service that can be rendered to urban areas
by common frequency broadcasting. Although it is probable that the high powered
station on a cleared channel will remain the best means of affording a high-grade
service to a metropolitan area while also rendering an acceptable service to large rural
areas, common frequency broadcasting now appears to offer definite means by which
{o provide an improved coverage to a number of noncontiguous communities.

HE development of chain broadecasting and the congestion in

the broadcast frequency range has naturally led to a considera-

tion of the possibilities of operating a group of stations on a
single frequency.! The possible usefulness of such a system has resulted
in a number of attempts to secure the additional coverage offered by
the simultaneous operation of two or more stations broadcasting the
same program on a common frequency. This problem has been attacked
in two different ways.

* Decimal classification: R550. Original manuscript received by the Insti-
%ﬁpe, May 15, 1931. Presented before Sixth Annual Convention, June 4, Chicago,
inois.
. } De Loss K. Martin, Glenn D. Gillett, and Isabel S. Bemis, “Some possi-
bilities and limitations in common frequency broadcasting,” Proc. I.R.E., 15,
213-223; March, 1927. ‘
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In one case, a control frequency has been transmitted either by wire
line or radio to each station and a frequency multiplier used to develop
directly the carrier frequency which was to be transmitted from the
station. This method has met with some success both here and abroad.
It was used in this country for the commercial operation of WBZ-
WBZA? and in Germany the Postal authorities have operated several
stations experimentally with equipment developed by the Telefunken
G.m.b.H. and the C. Lorenz A.G.34 Both the WBZ-WBZA and the
Telefunken systems used a high control frequency which was particu-
larly suitable for transmission over open wire lines while the Lorenz
system used a lower control frequency which was suitable for transmis-
sion over cable circuits as well. Three stations located at Berlin, Stettin,
and Madgeburg, respectively, are now in commercial operation on a
common frequency using control equipment manufactured by the
Lorenz firm.* In Sweden the postal authorities have developed a similar
system of frequency control capable of using either a high or low
standard frequency interchangeably. This system was used in placing
the broadcast stations at Malmo and Halsingborg in commercial
operation on a common frequency in the latter part of 1929.6 Intensive
development work on similar systems is under way in the United
States. The National Broadeasting Company has in operation in their
network, two groups of two stations each which are being operated
synchronously using a standard reference frequency transmitted be-
tween stations over telephone circuits. The Bell System has developed
a common frequency broadeast system using a standard reference
frequency suitable for transmission over telephone circuits. This sys-
tem has been given a practical test in cooperation with the Columbia
Broadcasting System. It will shortly be commercially available.

The other method of attack has been to derive the carrier frequency
at each station from an independent oscillator. In England,”'® electri-
cally driven tuning forks have been used to supply an audio frequency
of high stability from which the carrier frequency has been derived by
means of frequency multipliers. With this equipment it has been pos-
sible to maintain the derived carrier within a few cycles per second of

? Frank B. Falknor, “A history of svnchronization,” Citizens _Radio Call
Book Magazine and Technical Review, 12, 38-40; March, 1931.

s W. Hahn, Funk, 35, 247-248, 1928,

+ W. Hahn, Die Sendung, 5, 430-432, 1928.

* F. Gerth, “A German common frequency broadcasting system,” Proc.
I.LR.E., 18, 510-512; March, 1930.

¢ Erik Esting, Elekiroteknik, pp. 109-112, June 7, 1930.

7 P. P. Eckersley, “The operation of several broadcasting stations on the
same wavelength,” Jour. [.E E., 1929.

¢ P. P. Eckersley, “The simultaneous operation of different broadecast sta-
tions on the same channel,” Proc. .R.E,, 19, 175-194; February, 1931.
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isochronism?® and this has been sufficient to permit a satisfactory serv-
ice to be rendered to the territories immediately adjacent to each sta-
tion. As will be shown in detail later there is a substantial difference be-
tween the service range of a station operating in almost perfect isochro-
nism with the other stationsin the common frequency broadc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>