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GENERAL INFORMATION

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

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

Back issues are available in unbound form for the years 1918, 1920, 1921, 1922, and 1926
at $9.00 per volume (six issues) or $1.50 per singlc issue. TFor the years 1913, 1914,
1915, 1916, 1917, 1919, 1923, 1924, and 1925 miscellaneous copies (incomplete unbound
volumes) can be purchased for $1.50 each; for 1927, 1928, and 1929 at $1.00 each.
The Secretary of the Institute should be addressed for a list of tliese.

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

Bound volumes are available as follows: for the years 1922 and 1926 to members of the
Institute, libraries, booksellers, and subscription agencies at $8.75 per volume in blue
buckram binding and $10.25 in morocco leather binding; to all others the prices are
$11.00 and $12.50, respectively. For the year 1929 the bound volume prices are: to
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buckram binding; to all others, $12.00. Foreign postage on all bound volumes is one
dollar, and on single copies is ten cents.

The 1930 Year Book, containing general information, the Constitution and By-Laws, catalog
of membership, etc., is available to 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, 83 West 39th Street, New York, N.Y,
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by not later than September 15th. Members of the Institute are requested to advise
the Secretary of any change in their business connection or title irrespective of change
in theig 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 arve 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., U.S.A,

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

Acceptance for mailing at special rate of postage provided for in the Act of February 28, 1925,
embodied in paragraph 4, Section 412, P. L. and R. Authorized October 26, 1927.
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Harold P. Westman, Secretary
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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 ncceptnble for publication, manuseripts should be in English, in final
form for publication, and accompanied by a summary of from 100 to 300 words. Papers
should be typed double space with consecutive numbering of pages. Iootnote referonces
should be consccutively numbered and should appenr at the foot of their respective
pages. Each reference should contain author’s name, title of article, name of journal,
volume, page, month, and year. Generally, the sequonce of presentation should be as
follows: statement of problem; review of the subject in which the scope, object, and
conclusions of previous investigations in the same field are covered; mnin body describing
the apparatus, experiments, theorctical work, and results used in roaching the con-
clusions and their relation to present theory and practice; bibliography. The above
pertaing to tho usual type of paper. To whatever type & 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 papor
used for graphs should not have more than four lines per inch, If finer ruled paper is
used, the major division lines should be drawn in with black ink, omitting the finer divi-
sions. In the latter case, only blue-lined paper can be accepted. Photographs must
be very distinct, and must be printed on glossy white paper. Blueprinted illustrations
of any kind cannot be used. All lettering should be 3/16 in. high for an 8 x 10 in.
figure. Legends for figures should be tabulated on n separate shcet, not lettered on
the illustrations.

Mathematics—IFractions 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 subsceript numbers, radicals, ete., in the desired
proportion. ’

Abbreviations—Write a.c. and d.c. (a-¢c and d-¢ as adjectives), ke, uf, wuf, e.n.f., mh, ph
henries, abscissas, antennas. Refer to figures as Fig. 1, Figs. 3 and 4, and to equations
as (5). Number equations on the right in parentheses.

Summary—The summary should contain a statement of major conclusions reached, since
summaries in many cases constitute the only source of information used in compiling
scientific roference indexes. Abstracts printed in other journals, especinlly foreign,
in most cases consist of summaries from published papers. The summary should explain
a8 adequately as possible the major conclusions to a nonspecialist in the subject.
The summary should contain from 100 to 300 words, depending on the length of the paper.

Publication of Paper

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

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

chrints.—With the galley proof a reprint order form is sent to {he author. Orders for
reprints must be forwarded promptly as type is not held after publication.
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Troy, Rensselaer Polytechnie Institute....... ..Harris, Hiram D.
Troy, Rensselaer Polytechnie Institute......... .. Warner, Sydney E.
Waynoka, Trans. Air Trans. Radio Station ............... Larsen, John
Norristown, 621 DeKalb St. . ..........oo vty Warren, G. R.
Pittsburgh, 1541 Princess Ave............... ToTTeR. Wt i Krause, C. K.
Trafford, 506 Edgewood Ave............coovviviiniai... Woodeoek, C. D
Upper Darby, 201 Marthart Ave.. ...................... Jenkins, G. L.
Houston, ¢/o Humble Oil & Refining Co., P. O. Drawer D..Imle, John I'.
Seattle, 902 N. 107th St., Station “IF”.................... Begg, W. E.
La Crosse, 1028 Vine St.. . ..o Jenks, Leslie L.
Honolulu, e/o Dollar 8. 8. Co. Ralio Dept................ Greiner, H. J.
Honoluly, ¢/o Dollar 8. 8. Co. RadioDept................ Muller, P. H.
Almirante, United Fruit Co. Radio Station............... Parkin, Louis S.
Pasay, Rijal, 696 Leveriza..............ccovreieuna.ooon. Quigley, James S.
Buenos Aires, Jefe Com. Geof. Y. P. F. Paseo Colon 922. . . Malamphy, Mark C.
Lethbridge, Alberta, 1211 Fifth Ave. A, S................. Sturrock Stuart B.
Toeopilla, Tarapaea & Tocopilla Nitrate Co., Oficina San

ANAreB. . vttt e e Hansen, Elmer
Hongkong, Eleetrical Office, P. W.D..................... Bunn, Enoeh
Hongkong, Broadeasting Studio, G. P. O. Bldg - ssxwaseards Jeffries, A. E.
Birkenhead, 8 Hawarden Ave.. .. ................ .. ..., Keegan, William
Chester, 6, Dee Fords Ave............coiiiiiiinvannn. Wilkins, A. F.
Cleckheaton, 32 Grange Rd.. ............ ... .ot Rayner, Harry
Cumberland, Muncaster Ravenglass. 3 e T RN MeCallum, C. C.
Liverpool, 1 Oakdale Rd., Waterloo.............. .Davy, F. G,
Liverpool, 5 Mostyn Ave., Allerton. . .................... Holmes, Robert
London, “Norburg”, Howard PL.. ....................... Barber, J. H.
London, 298-300 Camberwell Rd.,, S. E. 5. ............... Dyer, H. A.
London, E. 3,309 Roman Rd.. .................... o0, Lipowsky, Joseph
Neweastle-on-Tyne, 174 Mowbray St., Heaton........... Dodds, Stanle
Rugby, “Pensarn”, West Haddon............ ..o Wadsworth, ¥I. A.

VII



France
Scotland

Arkansas
New York

France
New Zealand

Applications for Aembership

Paris, 23 Rued’Abbeville............o. ool Wallace, Marcel

Dundee, St. Niven's Pl., 101 Rosebank St....... e McConnell, W. J.
For Election to the Junior grade

Little Rock, 808 Battery St............... P ‘Winn, Dan L.

New York City, 605 Beech Terrace, Bronx . ... . ....... Gerstein, M. George

New York City, 979 E. 163rd St., Bronx. . ... . . ...... Osheroff, Nathan H

Paris (Malanoff) 2, Rue Beranger. .. .. - = - nlFe Y- Lewinski, Casimi

Wellington, 113 Tinakori Rd........ .. B . ....Macedo,F.J.
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IrRVING LANGMUIR
President of the Institute, 1923

Irving Langmuir, twelfth president of the Institute, was born in Brooklyn,
N. Y., January 31, 1881. After being graduated from Columbia University in
1903 with the degree of Metallurgical Engineer, he spent three years in post
graduate work in Germany at the University of Gdéttingen under Professor
Nernst, where he received iis Ph.D. degree.

Upon his return to America in 1906 he became an instructor in chemistry
at the Stevens Institute of Technology entering the research laboratory of the
General Electric Company at Schenectady three years later. He is at present
associate director of the research laboratory.

Dr. Langmuir’s researches have been conducted in the fields of chem’stry,
physics, and engineering. His most notable contribution to the field of science
has been his pioneer work in electronics. In December, 1913, he published the
results of his studies on the effect of space charge and residual gases upon ther-
mionic currents in high vacuum. This investigation was the beginning of a long
series of experiments and inventions made during the following years which
have led to the development of the modern high vacuum power engineering.
His development of the mercury condensation pump and his studies of the
characteristics of tungsten and thoriated tungsten filaments have contributed
greatly to the success of vacuum tube projection.

Among the best known of Dr. Langmuir’s inventions is the gas-filled in-
candescent tungsten lamp. In 1925 he developed the atomic hydrogen welding
process which is opening up new possibilities in electric welding.

Dr. Langmuir has been the recipient of distinguished honors in the field
of chemistry, physics, and engineering and has been awarded the Nichols medal
given by the New York Section of the American Chemical Society in 1915, and
again in 1920; the Hughes medal, awarded by the Royal Society of London in
1918; the Rumford medal of the American Academy of Arts and Sciences in
1921; the Cannizzara prize, awarded by the Royal National Academy of the
Lincei, Rome, Italy, in 1925; the Perkin medal of the American Section of the
Society of Chemical Industry, 1928; and the School of Mines medal, Columbia
University in 1929,

He has received honorary degrees from the University of Edinburg, North-
western University, Union College, Columbia University, Kenyon College,
and the Technische Hochschule, of Berlin-Charlottenburg.

He is an Honorary member of the Royal Institution of Great Britain and
the Deutsche Gesellschaft firr Technische Physik; a Fellow of the American
Physical Society and of the Institute of Radio Engineers; a Member of the National
Academy of Sciences, the American Academy of Arts and Sciences, and the
American Chemical Society.

He became an Associate member of the Institute of Radio Engineers in
1914 and a Fellow in 1922,






INSTITUTE NEWS AND RADIO NOTES

Cosmic Data Broadcasts

We are indebted to Science Service, Washington, D. C. for the
following information concerning broadcast of Cosmic Data.

Cobperating with the American Section of the International Sei-
entific Radio Union, Science Service will collect daily data on terrestrial
magnetism, the solar constant, sun spots, and the auroral displays in
order that they may be broadcast and otherwise distributed to those
interested.

The U. S. Navy by broadcasting the daily cosmic data message,
the U. S. Army by transmitting by radio to Washington data from
outlying points, the U. S. Coast and Geodetic Survey by furnishing
magnetic data, the Mount Wilson Observatory and the U. S. Naval
Observatory by furnishing sun spot data, the Astrophysical Observa-
tory of the Smithsonian Institution by furnishing solar constant values,
participate actively and fundamentally in the project.

BROADCAST SCHEDULE

The cosmic data broadcasts were inaugurated on August 1, 1930.
They are transmitted daily, including Sunday, from the Navy
radio station, NAA, Washington, as an addition to the weather mes-
sage directed at I'rench radio station, FYL, Lafayette, at time 16:00
zone plus 5 (4 p.m. Eastern Standard Time) frequency 16,060 kilo-
cycles

Cope UseD

The letters URSI is the distinguishing sign at the beginning of the
cosmic data message. URSI are the initials of the Union Radio Sci-
entifique Internationale (International Scientific Radio Union). Each
class of data is coded separately and preceded by an identifying word:
SOL for solar constant, MAG for terrestrial magnetism, SUN for
sun spots, AURO for auroras. The data are expressed in a number
code in groups of five, similar to that used in the transmission of me-
teorological information. Plain English will be added when extraor-
dinary phenomena demand it. The message is signed SCIENSERVC,
the cable address of Science Service.

SoL (SoLAr CONSTANT)

First figure indicates day of week
1 Sunday

2 Monday
1469
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3 Tuesday
4 Wednesday
5 Thursday
6 Friday
7 Saturday

Second, third and fourth figures:
Decimal fractional portion of solar constant value; add one to
obtain complete value. When 933 is transmitted, the solar con-
stant is 1,933 calories. The solar constant of radiation is defined
as the total intensity of solar radiation outside the earth’s atmos-
phere at the earth’s mean distance from the sun and is expressed
in calories per square centimeter per minute; the calorie, being
the amount of heat required to warm one gram of water at 15
deg. C through one deg. C; the unit intensity of radiant intensity
being defined as that which, if completely absorbed by a surface
at right angles to the beam, will produce one calorie of heat per
square centimeter per minute.

Fifth figures indicate whether the solar constant value is considered

to be:

3 Satisfactory
5 Satisfactory minus (not quite satisfactory)
7 Unsatisfactory

Example: SOL 79333, Saturday, solar constant, 1,933 calories, satis-
factory. Solar constant data are supplied by the Astrophysical
Observatory of the Smithsonian Institution and are the averaged
values of the solar constant determinations of that organization’s
observers at Montezuma station, Chile.

Mac (TERRESTRIAL MAGNETISM)
First Group

First figure in first group shows day of week:
1 Sunday
2 Monday
3 Tuesday
4 Wednesday
5 Thursday
6 I'riday
7 Saturday
Second figure of first group indicates character of day:
3 Quiet day
5 Day of moderate disturbance
7 Greatly disturbed day
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Third figure of first group indicates: .
3 Day marked by bay, a disturbance lasting only an hour or so,
with departure from normal curve in one direction only
5 Day marked by rapid pulsations
7 Day marked by long period pulsations or oscillations
9 Day marked by irregular oscillations
X Not used
IFourth figure of first group indicates that second group gives time
of::
3 Beginning of disturbance
5 Iind of disturbance
7 Beginning of disturbance; end given in third group
X Not used
Fifth figure is unused and is sent as X

Second Group
Gives Greenwich mean time of beginning or ending of dis-
turbance as indicated by the fourth figure of the first group.
(If there is a beginning and end on the same day, a third group
will give time of ending.)
First and second figures: Hours, preceded by zero if less than
ten.
Third and fourth figures: Minutes, preceded by zero if less than
ten.
Fifth figures: Tenths of minutes, in the case of a sudden com-
mencement of a disturbance. Other times will be given to whole
minutes only and X will be fifth figure.

Third Group
See explanation above.

Example: MAG 15635X 08407, Sunday, day of moderate disturbance
marked by bay. Disturbance ends 08:40.7 G. M. T.
Terrestrial magnetic data are supplied by the U. S. Coast and
Geodetic Survey from its observatory at Tucson, Arizona. Period
covered is for 24 hours preceding 14 hours G. M. T. of the Greenwich
and local day of the week as given by the first figure of the first group.

Sun (Sun Spors)

First figure indicates day of week:
1 Sunday
2 Monday
3 Tuesday
4 Wednesday
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5 Thursday
6 Friday
7 Saturday
Second and third figures indicate number of groups of sun spots, pre-
ceded by zero if less than ten.
Fourth and fifth figures indicate total number of sun spots, preceded
by zero if less than ten.

Example: SUN 10314, Sunday, three groups of sun spots containing

a total of fourteen spots.

Wolf Number equals X (10 g plus s) where g is the number of
groups, s the number of spots and K a constant, for Mt. Wilson about
0.77. The Wolf Number of the example given above is about 34.

Plain English descriptions of unusual solar phenomena will be
added where necessary.

Sun spot data are furnished by the Mount Wilson Observatory of
the Carnegie Institution of Washington, Pasadena, California, from
observations made at about 16 hours G. M. T. (8 a.m. Pacific Standard
Time) or as soon thereafter as weather permits.

AURO (AURORAS)

Code for transmission of data on auroras will be formulated later
as observations in Alaska will not begin until fall of 1930.

ExamvpLE oF CosMic DATA MESSAGE
URSI SOL 79333 MAG 1535X 08407 SUN 10314 SCIENSERVC

OTHER DISTRIBUTION

Upon request, Science Service will transmit the cosmic data mes-
sage telegraphically over commercial channels, tolls collect. If desired,
the numerals will be rendered into the following syllable code to reduce
tolls:

Code—(1 2 3 4 5 6 7 8 9 0 X
(ba de fi go ki am en ip ot ux vy

Example above would be sent as:

URSISOL ENOTFIFIFI MAG BAKUFIKUVY UXIPGOUXEN
SUN BAUXFIBAGO SCIENSERVC

Science Service will compile weekly in mimeograph form the data
of the daily cosmic data messages and upon specific request will distri-
bute them by mail to those who can utilize or distribute the informa-
tion further. The scientific magazine, Terrestrial M agnetism, published
by Johns Hopkins Press (Editor: Jno. A. Fleming, acting director,
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Department of Terrestrial Magnetism, Carnegie Institution of Wash-
ington, Washington, D. C.) will publish summaries of the cosmic data.

Science Service will also utilize the information of the cosmic data
messages in the preparation of its service to newspapers in such a
way that the public will be kept informed of the occurrence of notable
changes in the phenomena reported and the possible effects upon
earthly conditions.

Those interested in correlating the cosmic data with other phe-
nomena and in studying the literature upon the fields affected by the
cosmic data reported will be placed in communication with competent
authorities upon application to Science Service.

FurtaER Cosmic Dara

If demand arises and as information becomes available, it is pro-
posed to add to the cosmic data message information such as follows: -

Terrestrial Electricity—Predominant direction of natural earth-
currents registered for the preceding 24 hours. At present no earth-
current system is installed in this country, but one is planned.

Radio Phenomena—=Signal intensity for long and short wave re-
ception at representative stations has been suggested for inclusion in
the message.

Solar Activity—In addition to sun spots, it has been suggested
there might be included values for the daily intensity of other phe-
nomena on the sun’s surface such as character figures for bright
hydrogen flocculi, calcium flocculi, dark hydrogen flocculi, magnetic
character-number prominences, faculae, etc.

Within the next year the Carnegie Institution’s Magnetic Observa-
tory at Huancayo, Peru, expects to broadcast magnetic and earth
current data which may be available in the cosmic data message. A
radio station is being installed at the Watheroo, Australia, station of
the Carnegie Institution and within a year Washington expects to be
in direct radio communication with that station. Data from that sta-
tion may then be available for inclusion in the cosmic data message.
It is hoped that those to whom the cosmic data messages are useful
will report how the data are used and suggest how the service can be
improved.

FreEncH Cosmic DaTa Broapcasts

Since December 1, 1928, the French Government has been radiating
a cosmic data message from the Eiffel Tower station, and later at the
request of Americans interested, these messages were later repeated

from Lafayette and Issy-les-Moulineaux so that the following schedule
is now in effect:
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Station Location Ilr(r:l}g:;:lz Wt;\\/{(élt%rr\g;th { Time
- FLE Eiffel Tower, Paris T 207.5 1445 11:20 G.MUT.
FYL Lafayette, Bordeaux 15.9 18900 20:30 G.N.T.
Issy-les-Moulineaux, near Paris 922.5 32.5 20:30 G.N\LT.

The messages are in plain French language and not in code. They
include information on the following: ;

(a) Steadiness or disturbance of the earth’s magnetic field.

(b) Steadiness or disturbance of atmospheric electric field.

(¢) Apparent activity of the solar surface, as regards both sun

spots and faculae.

These data are supplied by Physical Institute of the Globe of Paris,
the National Meterological Office, the Astronomical Ohservatory at
Meudon, near Paris, and the Val Joyeuz Observatory, near Versailles.

The French cosmic data broadcasts are being copied and used by
some American radio observers. The Navy communications office is
copying them daily when reception conditions. make it possible, and
the American Radio Relay League at the request of A. E. Kennelly
is planning tests to determine how far inland the short wave signals
of Issy-les-Moulineaux can be copied.

Orriciny oF URSI Cosmic DATA BROADCAST

When American radio engineers were informed of the French cosmic
data broadcasts, A. E. Kennelly of Harvard as a representative of the
committee on codperation of the American Section of the International
Radio Union (URSI) distributed the information to those interested.
This led to an informal meeting of scientists at the National Academy
of Sciences, Washington, D. C., in April, 1929, at which it was decided
that a daily cosmic data message to be broadcast from an American
government radio station would be desirable.

This led to the appointment of a special joint committee of the
URSI and American Geophysical Union on the subject, which out-
lined the project and asked the codperation of Science Service in the
collection of the daily cosmic data messages. Those cooperating
formally or informallyin the formative stages of the project included:
Dr. A. E. Kennelly of Harvard, chairman coéperation committee, Ameri-
can Section, URSI; Dr. Charles F. Marvin, chief of the U. S. Weather
Bureau and chairman, American Geophysical Union Committee on
Cosmic Broadeasts; Commander N. H. Heck of the U. 5. Coast and
Geodetic Survey; John A. Fleming, acting director, and Dr. M. A.
Tuve, of the Department of Terrestrial Magnetism of the Carnegie
Institution of Washington; Major W. R. Blair and Lieut W. T. Guest,
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Signal Corps, U. S. Army; Capt. S. C. Hooper and Lt. Commander
J. R. Redman, U. 8. Navy; Dr. J. H. Dellinger, of the Bureau of
Standards, technical secretary of the American Section, URSI;
Dr. L. W. Austin, chairman of the American Section, URSI; Dr.
Seth B. Nicholson of Mount Wilson Observatory; Dr. W. J. Humph-
reys and E. B. Calvert of the U. S. Weather Bureau; Dr. A. Hoyt
Taylor and Dr. L. P. Wheeler of the Naval Research Laboratory,
Bellevue, Anacostia, D. C.

Proceedings Binders

Because of the enlarged size of the ProcEEDINGS published during
1929, many of our members find that they are unable to fit the twelve
issues into the standard binder which has been available in the past.

We are pleased to announce that a larger size of binder is now
available which will hold the twelve issues published during 1929.

When ordering the larger size be sure to specify that the large
binder is desired. They are available at $1.75 each and the member’s
name will be stamped on it for 50 cents additional. The smaller size
hinder is still available at $1.50.

Associate Application Form

For the benefit of members who desire to have available each
month an application form for Associate membership, there is printed
in the Proceepings a condensed Associate form. In this issue this
application will be found on page XXXIII of the advertising section.

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

The Committee on Membership asks that members of the Institute
bring the aims and activities of the Institute to the attention of desir-
able and eligible nonmembers. The condensed form in the advertising
section of the ProceEDINGS each month may be helpful.

Radio Signal Transmissions of Standard Frequency
July to December, 1930

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

Further information regarding these schedules and how to utilize
the transmissions can be found on pages 10 and 11 of the January,
1930, issue of the PROCEEDINGS, and in the Bureau of Standards Letter .

Circular No. 171, which may be obtained by applying to the Bureau
of Standards, Washington, D. C.

Eastern Standard

Time Sept. 22 Oct. 20 Nov. 20 Dec. 22
10:00 p.M. 500 1600 4000 550
10:12 600 1800 4400 600
10:24 700 2000 4800 700
10:36 800 2400 5200 800
10:48 1000 2800 5800 1000
11:00 1200 3200 6400 1200
11112 1400 3600 7000 1400
11:24 1500 4000 7600 1500

INSTITUTE MEETINGS

CHICAGO SECTION

The July 11th meeting of the Chicago Section held in the En-
gineering Building, was called to order by H. E. Kranz, chairman of the
Section.

The report of the Nominating Committee was read and the fol-
lowing officers for the coming year were elected unanimously: chair-
man, Byron B. Minnium; vice-chairman, Samuel E. Adair; secretary-
treasurer, J. Barton Hoag. In addition, Harvey G. Hayes was elected
as a member of the Executive Committee.

Following the election of officers, H. E. Kranz, chief engineer of
the Grigsby-Grunow Company, commented upon several reels of film
showing manufacturing processes employed in the plant of the Grigsby-
Grunow Company.

DETrROIT SECTION

At the June 20th meeting of the Detroit Section, held in the De-
troit News Building, A. B. Buchanan, chairman of the Section pre-
siding, two papers were presented.

The first paper of the evening on “Television” by L. N. Holland
of the electrical engineering department of the University of Michigan,
considered the subject under six divisions as follows: scanning of the
image, converting light impulses into electrical impulses, transmitting,
reconverting the electrical impulses into light impulses, spreading the
light impulses over a screen, synchronization.
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The difficulties involved in the satisfactory solution of each part
of the problem were discussed. The talk was closed with a description
of E. F. W. Alexanderson’s latest achievement, in the projection of
television images for theatre use. Special attention was paid to the
light valve based upon the invention of A. Karolus.

The second paper of the evening on “New System of Power Filtra-
tion” was delivered by S. M. Hanley of the Ray Vox Engineering
Company of Detroit.

The papers were discussed by Messrs. Buchanan, Case, Firestone,
and others. :

At the election of officers for the coming year, the following were
selected: chairman, L. N. Holland; vice chairman, 8. L. Bailey;
secretary-treasurer, Samuel Firestone. '

ROCHESTER SECTION

On May 15th a joint meeting of the Rochester Sections of the
American Institute of Electrical Engineers, the Institute of Radio
Engineers, and the Rochester Engineering Society was held at the
Eastman School of Music. Earl Karker, Chairman of the I.R.E.
Section, presided.

F. L. Hunt of the Bell Telephone Laboratories, delivered an il-
lustrated paper on “Recording and Reproducing Sound Pictures.”
In addition to lantern slides, several talking pictures, illustrating the
various problems and apparatus involved, were shown.

Prior to the joint meeting, a business session of the Rochester
Section was held at which the following new officers were elected:
chairman, H. E. Gordon; vice-chairman, I. G. Maloff; secretary-
treasurer, H. A. Brown.

The annual report of the secretary and treasurer was presented
and accepted. '

The attendance at the meeting totaled four hundred and eighty-
one.

Personal Mention

There appeared in the July issue an incorrect statement to the
effect that H. B. Closson had left the Atwater-Kent Manufacturing
Company to become affiliated with the RCA-Victor Company at
Camden, N. J. The correct name is L. E. Closson who is an engineer
for the RCA-Victor Company. H. B. Closson, Jr. continues with the
Atwater-Kent Manufacturing Company.
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Licutenant Mervin W. Arps is now located at the Naval Rescarch
Laboratory at Washington, D. C.

Previously with the Radiomarine Corporation of America at
Tuckerton, N. J., Preston de Grauw Baldwin is now service engineer
for RCA Photophone, Inc.

John Bargamian has left the Plymouth Electric Company to be-

" come a service engineer for the Canadian Westinghouse Company.

Charles S. Breeding, formerly general manager of the Aero Radio
Corporation in Los Angeles, is now in the engineering department of
the Western Air Express at Alhambra, California.

Carl H. Butman, formerly secretary to the Federal Radio Commis-
sion has returned to his radio consulting practice, acting also as ad-
vertising counsel.

Previously with the Mackay Radio and Telegraph Company,
Edward N. Dingley has joined the engineering department of RCA
Radiotron Company at Harrison, N. J.

Clifford J. Dow has left the Federal Telegraph Company at Palo
Alto, California, to enter the service of Heintz and Kaufman of San
Francisco as a radio engineer.

W. Robert Ferris has become research engineer for the RCA
Radiotron Company at Harrison, N. J. having left the General Llectric
Company at Schenectady, N. Y.

H. H. Friend has left the National Broadcasting Company to
enter the engineering department of RCA Communications.

W. E. Garity is now chief engineer for the Disney I'ilm Recording
Company at Hollywood having previously been an operation engineer
for De Forest Phonofilm, Inc.

John B. Hawkins is now factory manager for the Cordonic Manu-
facturing Corporation of Holland, Michigan, having previously been
with the United Reproducers Corporation.

L. E. Hayslett formerly with the United Reproducers Corporation
has entered the radio engineering department of the General Motors
Radio Corporation at Dayton.

P. M. Honnell has joined the technical staff of the Bell Telephone
Laboratories.

W. C. Little has entered the radio test department of the General
Electric Company at Schenectady.

Frederick S. Mockford, previously in charge of wireless at Croydon
Airport is now with the Marconi Wireless Telegraph Company in
London.
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Raymond W. Newby, formerly with the American Insurance Union
is now chief engineer of WABC of the Columbia Broadcasting System.

C. A. Petry has left the Westinghouse Electric and Manufacturing
Company at Chicopee Falls to enter the radio engineering department.
of the Bell Telephone Laboratories. '

Pinckney B. Reed has left the Stewart-Warner Corporation to
become an installation engineer for RCA Photophone, Inec.

F. H. Schnell, formerly connected with Aero Products, Inc., has
become chief of staff of the Radio and Television Institute of Chicago.

0. B. Gunby has left the engineering department of the Kast
Pittsburgh plant of the Westinghouse Electric and Manufacturing
Company to join the RCA-Victor Company at Camden, N. J.

Previously section engineer with the Westinghouse Electric and
Manufacturing Company at Chicopee Falls, Mass., John B. Coleman
is now a radio engineer for the RCA-Victor Company.

Theodore A. Smith, formerly in the engineering department of the
Radio Corporation of America,is now with the RCA Victor Company
at their New York City office.

Albert E. Snow, previously with the Wireless Specialty Apparatus
Company is now in the employ of the Radiomarine Company at
Chatham, Mass.

Daniel W. Wells has left the Springfield, Mass., branch of the
Westinghouse Electric and Manufacturing Company to join the staff
of the RCA-Victor Company.

Joseph T. Wissmann, previously with the Radio Corporation of
America is now recording engincer for the Vitaphone Corporation of
Brooklyn.

H. D. Hineline has left the International Telephone and Telegraph
Company to join the patent department of United Research Corpora-
tion at Long Island City.
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Errata

Fig. 7 in the paper on “A Tuned-Reed Course Indicator for the
Four- and Twelve-Course Aircraft Radio Range” by F. W. Dunmore
which appeared on page 971 of the June, 1930, issue of the PrRocEED-
1xGs should be omitted and Fig. 8 substituted for it. A new Fig. 8 is
given below. The cut labels as given in the original paper are correct
for these revised figures.
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Part II
TECHNICAL PAPERS






Proceedings of the Institute of Badio Engineers
Volume 18, Nuwmber 9 September, 1930

LONG WAVE RADIO RECEIVING MEASUREMENTS AT THE
BUREAU OF STANDARDS IN 1929*

By
L. W. AusTIN

(Laboratory for Special Radio Transmission Research, Washington, D. C)

Summary—This paper gives monthly averages of daylight signal tntensity
at Washington for 1929, as received from a number of European and American
low-frequency stations.

Several of the stations formerly measured have ceased to transmit regularly at
hours switable for all-daylight transmission paths and their measurement has there-
fore been discontinued. The annual average field inlensities of the European sta-
tions have not shown much change since last year, but the atmospheric disturbances
have tncreased.

wave stations and their corresponding atmospheric disturbances
as measured in 1929, and the yearly averages 1923-1929, are
given in the following tables and curves.

The signals marked A.m. were measured between 10 and 11 a.m.,
E. S. T., and represent all-daylight transmission paths except in the
case of Nauen, Germany, during the short days of winter. The p.m.
signals measured between 3 and 4 p.m., E. S. T., have a transmission
path partly in daylight and partly in darkness, except for a few days
in midsummer when Rugby and Carnarvon have all-daylight paths.

On account of their irregularity of transmission, Cayey, Porto
Rico, and San Diego, California, havé not been included this year in
the tables. Ste. Assise (FF'TU) has not generally been transmitting dur-
ing the time of our morning observations, while Bolinas has not been
heard since January, 1929. Caracas, Venezuela (AYB) (f=40 ke, A=
7500 meters) has been added to the list of stations measured. This
station is fairly regular in transmitting and affords an opportunity for
the continuation of the study of the south-north transmission paths,
interrupted by the lack of signals from Monte Grande and Cayey.

Table I (page 1485) gives the approximate transmission data for
the stations measured.

Fig. 1 shows the changes of the morning yearly averages of some
of the stations which have been measured since 1923. Bordeaux
(FYL) shows the same intensity as in 1928, while the shorter wave
Ste. Assise station (IF'T'T) has fallen considerably from its 1928

* Dewey decimal classification: R113.2 Original manuscript received by

the Institute, June 27, 1930. Publication approved by the Director of the
Bureau of Standards of the U. S. Department of Commerce.

1481

THE MONTHLY averages of field intensity of various long




1482 Austin: Long Wave Radio Receiving Measurements

value.! The average intensity of Nauen (DFW) is slightly higher in

1929 than in 1928.
The observations in Fig. 1 which represent all-daylight trans-
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mission do not show the uniform drop in intensity in 1929 which might
have been expected from the decrease in the number of sun spots.

The annual averages of afternoon signal intensities and atmospheric
disturbances are shown in Fig. 2. It will be noticed that Bordeaux
has fallen slightly since 1928, while Ste. Assise (FTU) has risen con-

! The average for (FTT) in 1929 is for seven months only.
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siderably. The shorter wave Ste. Assise station (FTT) and Nauen
(DFW) have not changed appreciably. The atmospheric disturbances
on both wavelengths shown are considerably stronger than in 1928
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Tig. 3 shows the monthly distribution of atmospherics in 1927,
1928, and 1929 at a wavelength of 20,000 meters (15 ke). _

Table V (page 1486) gives the monthly averages of the signal
strength of some stations of the Radio Corporation of America at
New Brunswick and Tuckerton, New Jersey; Rocky Point, Long
Island; and Marion, Massachusetts, as received at Washington. There
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is a marked decrease in the strength of both New Brunswick stations
during the last four months of 1929. The reported antenna current
would not explain this signal drop. The other Radio Corporation
stations mentioned showed slight decreases in signal at the close of the
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year. The monthly values of the Rocky Point stations (WSS) and

(WQK) are incomplete as the two stations transmitted alternately in

periods of two weeks.
The yearly averages of the signal intensities of the Radio Cor-
poration stations were slightly lower in 1929 than in 1928,
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TABLE I
TraNsMIssION DaATa, 1929

APPROXI- APPROXI- DISTANCE
FRE- WAvE- MATE MATE FROM
QUENCY LENGTH, ANTENNA ErFECTIVE WASHING-
f(ke) (m) CURRENT HEI6HT TON
I(AMPERES) h (METERS) d (xn)
'YL Bordeaux, 15.9 18,900 500 180 6160
Franee. .
FTT Stc. Assise, 21.0 14,250 350 180 6200
France
FTU Ste. Assise, 15.2 19,710 475 180 6200
France
DIrY Nauen, 16.6 18,060 367 170 6650
Germany
DFW Nauen, 23.0 13,000 379 130 6650
Germany
GBR Rugby, 16.0 18,740 708* 185 5930
England
PCG Kootwijk, 16.8 17,800 325 185 6100
Holland
IRB Rome, 20.8 14,400 156 500 7160
Ttaly
GLC Carnarvon, 31.7 9,450 67 300 5840
Wales
NAU Cayey, 33.8 8,870 100 120 2490
Porto Rico
NPL San Diego, 30.0 10,000 90 120 3700
California
WCI guc‘:]kerton, 18.4 16,304 893 96 251
WwWGG I’I\;uc‘:rkerton, 22.1 13,575 690 57 251
WIX II\?C:}, Brunswick, 21.8 13,750 650 68 281
WRT II:IIcv‘}' Brunswick, 22.6 13,265 630 68 281
WSO Marion, 25.8 11,620 500 66 660
Mass. ;
WSS IIEOCkyNPo\i’nt' 18.8 15,957 700 83 435
WQK Rocky Point, 18.2 16,465 650 83 435
L.I,N. Y.
KET Bolinas, 22.9 13,100 600 51 3920
California
AYB Caracas, 40.0 7,500 — — 3200
Venezuela
* Six months average.
TABLE II

AVERAGE SIGNAL INTENBITY AND ATMOSPHERIC DIsTURBANCES FOR BorpEAUX (FYL), Ruasy

.(GBR), Ste. Assise (FTU), Naven (DFY), anp Koorwuix (PCG), 1N M1crROVOLTS PER

METER
A.M. P.M.

1929 FYL GBR DFY PCG Dist. FYL GBR FTU DFY PCG Dint
Jan. 142 155 59 59 23 213 232 93 88 82 22
Feb. 142 186 67 54 25 240 260 04 83 73 36
Mar. 156 — 71 64 30 221 234 89 76 69 38
Apr. 140 154 56 51 40 111 122 67 47 41 71
May 135 153 60 58 42 71¢ 69* 38* 31* 31* 96
June 136 132 59 57 44 70* 85* — 31* 30* 200
July 155 — 64 60 44 77* — — 41* 41* 397
Aug. 140 150 63 62 46 81* — — 35* 35* 260
Sept. 144 108 51 54 21 73 46 — 26 31 93
Oct. 108 82 40 54 62 04 67 — 38 51 98
Nov. 142 113 48 50 34 - 178 156 — 63 68 41
Dee. 130 117 60 49 - 16 197 183 104 81 80 17
Av. 142 135 58 56 36 136 145 81 53 53 114

* Uncertain owing to heavy atmospheric disturbances.
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TABLE III

AVERAGE S16NAL INTENSITY AND ATMOSPHERIC DISTURBANCES FOR RoME (IRB), STE. Assise
(FTT), Naven (DFW), 1N MicrovoLTs PER METER

AL P.M.
1929 IRB FTT DFrw Dist. IRB FTT DFw Dist.
Jan. 41 — 32 18 72 65 57 20
Feb. 53 — 31 20 67 60 49 29
Mar. 59 — 47 24 71 63 53 31
Apr. 48 = 37 32 39 34 25 58
May 49 38 36 35 25* 22+ 17+ 84
June 49 35 40 38 24* — 20* 174
July 58 —_ 43 36 28* — 20* 336
Aug. 48 47 39 37 27* — 24+ 215
Sept. 59 48 39 15 27 25 9 71
Oct. 46 30 30 47 37 28 23 73
Nov. 32 18 27 19 41 21 41 23
Dec. 48 32 39 12 68 39 53 12
Av. 49 35 37 28 44 40 33 04

* Uncertain owing to heavy atmospheric disturbances.

TABLE 1V

AVERAGE SIGNAL INTENSITY AND ATMOSPHERIC DISTURBANCES FOR CARNARVON (GLC)
AND Caracas (AYB), in MicrovoLTs PER METER.

AN P
1929 GLC AYB Dist. GLC Dist.
Jan, 16 —_ 18 25 =
Feb. 18 — 20 23 —
Mar. 34 —_ 24 28 —
Apr. 19 —_ 32 — —
May 15 33 35 — 84
June 18 31 38 —_ 174
July 17 41 27 —_ 230
Aug. 14 39 25 —_ 142
Sept 14 — 15 — 51
Qct 22 14 65 17 S6
Nov 13 4 19 17 23
Dec. 18 7 13 19 13
Av 18 24 28 20 100
TABLE V

AVERAGE SIG.\'AP INTENSITY FOR NEW BrRUNswick, N. J. (WIT axp WRT), TecgerTON, N. J.
(WCI ANp WGG), Rocky Poixr, L. 1. (WQK axp WSS), anp Mariox, Mass. (WSO0),
1N MicrovoLTs pER M ETER

AL P
1929 WII WRT WGG WCI WQK WS WII} WRT WGG WCI WQK WsS WSO
3. .1
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The continuous automatic recording of the field intensities of the
Radio Corporation stations has been continued and there is now avail-
able a very large number of 24-hour records for investigation.

The constantly decreasing use of long wave transmission in radio
communication is causing anxiety as to the continuity of this work in
the future.

Mimeographed copies of the daily observations of signal intensities
and of the strength of atmospherics are available for distribution to
those interested.
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Proceedings of the Institute of Radio Engineers
Volume 18, Nwmber 9 September, 1930

LOW-FREQUENCY RADIO TRANSMISSION*
By

P. A. pE Mars,! G. W. Xenrick,? aNp G. W. PrckArD?
(v 2 Tufts College, Maas.; SRCA-Victor Co. of Mass., Boston, Mass.)

Summary—This paper presents the resulls of field inlensily measurements
on low-frequency transmission (17.8 kc) from the R.C.A. station WCI, located a,
Tuckerton, N. J. The resulls of observations made at Newton Centre and at Medfordt
Mass., are presented. Apparatus for allernaling anienna observations with vari-
ously oriented loop observations is described and the results of such measurements
are presented. The relation of the state of elliptical polarization of received signals
toloop responses for various positions of theloop is investigated theoretically, and the
resulls thus oblained are applied to an interprelation of the observations. The
necessary approximalions required lo render this problem determinate are pointed
out and their questionable validity emphasized.

The mean of the received signal intensily in the absence of magnetic disturbances
1s lowest during the night, and strong sunrise and sunset peaks are found. An in-
verston of received signal iniensity is noted during magnetic storm condilions. Al
such times the night field strength exceeds the day field.

URING the last few years observations of radio transmission
ID phenomena have been undertaken by numerous observers, and
have served greatly to enhance our understanding of the
phenomena. While this mass of data has furnished a firm basis for the
Kennelly-Heaviside layer theory of radio transmission, it has disclosed
phenomena so erratic and complex that a satisfactory and reasonably
complete quantitative or even qualitative theory seems almost as much
in the future as ever.

The observations contributed have by no means been confined to
the time-honored measurements of received field strengths on particu-
lar frequencies and over particular transmission paths, but include
ingeniously devised transmissions designed to disclose the character-
istics of the transmitting medium. Such experiments in the last few
years have played an increasingly important part in our study of the
mechanism of transmission.

This paper, however, will be confined to a consideration of the
possibilities (and the limitations) of observations of the most straight-
forward and time-honored type; i.e., those of field intensities. It is
hoped that this discussion may serve to emphasize some of the diffi-
culties and advantages peculiar to such observations.

* Dewey decimal classification: R113. Original manuscript received by
the Institute, June 21, 1930. Presented before Fifth Annual Convention of the
Institute, August 19, 1930.
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1. PossiBLE CORRELATIONS WITH TRANSMISSION

Numerous investigators have demonstrated quantitatively that
striking correlations exist between measured fields and solar and mag-
netic elements.!??3

Provided sufficiently long transmission paths are chosen, the
correlations observed are found to be fairly uniform over similar but
somewhat varied transmission paths and over narrow ranges of the
frequency spectrum. Observations in widely different frequency re-
gions or on the same transmission over widely different transmission
paths (as for instance Kast-West vs North-South) disclose quite

MEAN OF QUIET DAYS| 1928
80
50
40
. \.\\
7 TN
g 20 i \/’45/
10
0
koon Midnight Moon

E.S5.T.

Fig. 1—Mean WCI reception at Newton Centre with moderatel quiet magnetic
clements. (Mean from June to December, 1928.3,

different but distinet correlations. Conditions are much more compli-
cated, however, if observations over shorter transmission paths are
attempted. In this case relatively slight differences in transmission
paths or frequency may alter profoundly the observed results (at least
inasmuch as the graph of received signal intensity is concerned).

The situation described above is, of course, quite understandable
from the point of view of the Kennelly-Heaviside layer transmission
theory, for in the case of the shorter distance transmission a very
limited number of important paths may supply nearly equal fields at

! Pickard, G. W,, Proc. I. R. E., 15, 63-97; February, 1927; 749-766;
September, 1927.

z Austin, L. W., Proc. I. R. E,, 15, 825-843; October, 1927.
3 Anderson, L. N., Proc. I. R. E., 16, 297-347; March, 1928.
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the point of observation, and important phase interference and polar-
ization phenomena may be manifested which may, moreover, be
greatly altered by slight changes of path or frequency. At longer dis-
tances a multiplication of the number of paths and (supposedly) an
increase in the importance of attenuation render these phase phe-
nomena of relatively less importance (at least in low-frequency
transmission) and more consistent results are hence obtainable.

Phase interference and polarization phenomena are, however,
probably very important in most of the results reported, as the data
themselves frequently emphasize.*

MEAN OF DAt: OF MQdD-2
1p28

60 .

50

40 Vo S

LT TN

SCALE DIVISIORS

20 *
\V
10
0 .
Noon Midnight Noon
E.S.T.
Fig. 2—Mean WCI reception at Newton Centre during magnetic storm
conditions.

I1I. CHARACTERISTICS OF Low-FREQUENCY RECEPTION OVER SHORT
TRrRANSMISSION PATHS

Low-frequency reception over short transmission paths furnishes
striking evidence of phase interference phenomena and of polarization.
At such low frequencies, the received intensity on an antenna over
moderate distances is, moreover, in general a fairly consistent function
of time with a distinct diurnal periodicity. The mean of 24-hour re-
ception curves for WCI at Newton Centre, Mass., is shown in Fig. 1,
which shows the mean over an observation period of six months
(exclusive of periods of marked magnetic disturbances). The mean

* Potter, R. K., Proc. I. R. E., 18, 581-648; April, 1930.
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of reception during the disturbed periods is shown in Fig. 2. Certain
striking features should be noted.

MEAN
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60 1938
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40
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E.S8,.TIME

Fig. 3—Partial inversion due to minor magnetic disturbances.

wCI AS RECEIYED AT NFWTON CENTER MASS.
AUG. 22-% 1929
) r
50
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12 ¥oon 12 Midnight 12 KNoon
E.8.T.

Fig. 4—Typical magnetically quiet reception showing marked sunset and sunrise

peaks and low night fields.

(1) The normal curve shows a high daytime level, marked sunrise
and sunset peaks, and low signal intensity during the night.
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(2) The magnetically-disturbed observations show low daytime
values and high night values.

These effects are much more evident when single records are chosen,
for they are, of course, smoothed out considerably by the long time
means, with consequent variable times for the sunrise and sunset peaks,
variable times of occurrence of maximum to minimum field-strength
ratio, etc. The striking ratios obtainable on individual low-frequency
records over short transmission paths such as Tuckerton-Boston are
shown in Figs. 4 and 5, where individual records, corresponding to

T T —T ]
WCI AS RECEINED AT WEWTOR CEN'I'KE, ¥ASS.

JULY 8-9, 1928
60

50

IRV

1]
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w0
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: | \/ \
3. ) MEPA
\J 1T
10
P JULY BTH A JULY STH
0
12 Hoon 12 Midnight 12 MNoon

E.S.T.
Fig. 5—Reception during the severe magnetic storm of July, 1928, showing the
marked inversion.

magnetically quiet and magnetically disturbed days, are plotted. The
inversion during magnetic storms is a function of the severity of the
storm, and the results for 1928 are hence most striking because of the
extremely severe storm during the month of July, 1928. A similar
tendency to inversion, however, is consistently noted during periods
of lesser disturbances. This is shown distinctly by the flattening tend-
ency for days of magnetic character, as Fig. 3 illustrates. ’

The graphical patterns obtainable at other points of observation,
or an other frequencies and over other transmission paths are by no
means always identical with those indicated. Some indications of
these relationships is to be found in recently published papers in the
ProcEEDINGS®® reporting observations on the same station at other

$ Austin, L. W., Proc. I. R. E.; 17, 1192-1205; July, 1929,
¢ Kenrick and Jen. Proc. 1. R. E., 17, 2034-2052; November, 1929,
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points, and quasi-consistent cyclic variations in the patterns are
sometimes noted, but such observations are rot available in sufficient
numbers to render positive quantitative conclusions in regard to these
phenomena justified at present.

III. INTERPRETATION OF OBSERVED RESULTS

The observed phenomena reported above seem fairly consistent
with the accepted Kennelly-Heaviside layer theory, and were at-
tributed to phase-interference phenomena and to rotations of the
plane of polarization of the signal in transmission through the layer
(in accordance with the Nichols and Schelleng theory).

In order to establish more definitely and quantitatively the factors
contributing to the large changes of signal intensity observable on the
set-up at Newton Centre employing reception on an antenna, a set-up
was designed and installed at Tufts College at Medford, Mass., which
would allow simultaneous (or nearly simultaneous) observations to
be made of WCI signal intensity as observed on an antenna and on a
loop variously oriented with respect to the transmitting station.
Observations are now being carried on employing this equipment in
place of that located at Newton Centre. A diagram of the recording
apparatus is shown in Fig. 6. '

In addition to recording the strength of signals as received by an
antenna, a rotating loop was utilized. This loop does not rotate with
a uniform velocity, but remains fixed in position for a period of five
minutes, and is then swung into a new position in an interval of a few
seconds. As it is at present operated, the loop is rotated through an
angle of 45 deg. every five minutes, which gives four significant posi-
tions for each half revolution. A relay control, operated by the loop
driving mechanism, controls two relays, one of which shifts the re-
ceiver input to the loop or antenna, while the other, operated simul-
taneously, controls the bias on the recorder and shifts the zero, so that
the antenna and loop observations may be recorded without confusion
by one recorder. This arrangement gives 2% minutes recording of
antenna signal strength, followed by 2% minutes of loop signal strength
in one of its positions; for example, the plane of the loop toward the
station. This sequence of events is carried on continuously.

Peculiar local conditions made it desirable to locate both loop and
antenna at a considerable distance from the receiver and recording
mechanism. On account of the relatively low frequency of the station
being recorded, no difficulty is experienced in trunking the antenna
and loop signals over a distance of approximately 500 ft.

Fig. 6 shows the essentials of the recording apparatus. The re-
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ceiving equipment appears rather elaborate in design, but it is to be re-
membered that for results to be of value the receiver must eliminate
all interference, must be highly selective because of the close spacing
of channels in this frequency range, and must be constant in gain,
linear in response, and flexible for testing purposes. The physical
appearance of the assembly is shown in Fig. 7.

Fig. 7. Front view of recorder amplifier.

Selectivity is obtained primarily by the use of a band-pass filter of
only 200 cycles band width, located between the last two low-frequency
amplifiers. This also serves to eliminate to a satisfactory degree both
static and local interference.

Constant gain of the amplifier is obtained by using high-grade
tubes, maintained at constant potentials. Oscillator stability is im-
portant, and is obtairied by using a type of circuit which maintains
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constant frequency to within a few cycles for reasonable ranges of
temperature and tube potentials.

The incoming signal is stepped down to a frequency of 400 cycles,
which is the mean frequency of the band-pass filter, and permits ap-
proximately 75 cycles variation in either direction without changing
the amplification of the set more than 5 per cent.

Rectification is obtained by means of a copper oxide rectifier,
which experience has shown to be very stable and practically linear
in the circuit shown.

MEAN UNDISTURBED LOOFH RECEPTION AT
TUPTS [COLLEGE} JANUARY TO MARCH, 1930
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Fig. 9—DNMean loop reception. Note polarization during night.

The recorder circuit is shown in detail; this equipment is checked
periodically and the calibrator circuit is also shown. A typical actual
record obtained by the use of this recorder is shown in Fig. 8.

It will be noted that the daytime values of field as observed on the
loop constitute a normal lemniscate diagram, indicating a normal
vertical polarization of the electric vector in the received signal. At
the sunrise and sunset periods, however, corresponding to periods of
marked change in field, (and frequently during the entire night period)
the “nul”’ bearings disappear, and the intensity of the received signal
frequently becomes greater in this position than in the maximum.
These phenomena are well exhibited by the mean curves shown in
Fig. 9, while a not infrequent case is shown in Fig. 10, where the “nul”
reading exceeds the reading in the daytime maximum position.

In order to interpret the above phenomena in terms of the angles
of polarization in the received electric vector, it is necessary to review
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the relation between the state of polarization of an electromagnetic
wave and the response in antennas oriented at various angles to the
direction of propagation. This theory has already been developed, but
it will be briefly derived and discussed here.

Review of Loop Reception Theory.’ .

In examining the response of a loop to an electromagnetic wave, we
have merely to note that the resulting induced e.m.f. is directly pro-
portional to the time rate of change of magnetic flux thru the loop
and hence proportional to the resultant i of the wave normal to the

Z

Direction of
Propagation

Y

=

x Fig. 10.

loop area (since the loop area is in general constant and the time
variation of H sinusoidal).

In the following analysis we shall investigate the response of a
loop oriented so that its area is

(1) normal to the magnetic vector of the ground wave (which we
shall term the loop maximum position),

(2) parallel to the magnetic vector of the ground wave (which
we term the loop ‘“‘nul” position),

(3) at 45 deg. with these positions (2 such positions termed 45-
deg. lead and 45-deg. lag positions).

We shall consider a wave composed of a normally polarized
“ground wave” component and a single elliptically polarized down-
coming wave.

Let us consider a wave system propogating along the y axis as
shown in Fig. 10.

We assume normally polarized ground wave components £, and
H, and an elliptically polarized downcoming wave in which we let

E; and H;=normally polarized electric and magnetic vectors of
the downcoming wave,

7 Appleton and Rateliffe, Proc. Royal Soc., 115, 291-317, 1927,
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E, and H,=electric and magnetic vectors in the ground wave
(normally polarized, i.e., vertical electric vector),

E; and H,=electric and magnetic, vector perpendicular to E; and
H, (abnormally polarized components),

O,=phase angle of the electric vector of the normally polarized
downcoming wave with respect to the electric vector of the
ground wave,

(7, =phase angle of the electric vector of the abnormally polar-
ized downcoming wave with respect to the electric vector
of the ground wave,

a=angle of incidence of the downcoming wave, w=2xf.
Maxwell’s equations applied to the case shown in Fig. 8 give

E.=0 H.=H,sin wi+2H, sin (wt+ O))
E,=0 H,=2H, cos « sin (wt+ O,)
E.=E, cos wi+2E, sin o cos (wt+O) H,=0 (1)

For the loop in the “max’’ position, the response is proportional to
dH./dt. Now if we note that the magnitudes of the H components
are (except for trivial constants) equal to the corresponding E com-
ponents i.e., 11'11 mlEll, |HO‘V\\E0f etc., and further that like
components due to the various waves must be added with due regard
to differences in time phase we have for the voltage in the loop (utiliz-
ing equations 1)

E2 o ~E+4E24+4EE, cos O, (2)
Likewise, for the loop in the “nul” position, the response is pro-
portional to dH,/dt which in turn is proportional to
E2 ~4(E,)? cos? a (3)
For the loop in the 45-deg. positions the response is an appropriate
combination of (2) and (3), i.e.,
Egeg~3[(Eo+2E, cos O+ 2E, cos o cos O)?
+(2E, sin O +2E, cos « sin O)?] (4)
‘We may also write for the antenna reception (proportional to E.)
El ~E2?+4E? sin? a +4E.E; sin a cos (7 (5)

Interpretation of Results Using Loop Theory.

Equations (2) to (5) give us a number of useful equations with
which to interpret antenna and loop observations such as those de-
scribed above. Unfortunately, however, the number of variables
involved are so large that a complete quantitative determination can
only be made on the basis of somewhat precarious assumptions. The
authors prefer not to engage at the present time in computations
necessitating the use of such assumptions, but a brief outline of

D ——
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possible approximations and of their validity and consequences is
perhaps not without interest.

First of all it is important to note that, provided the ground wave
remains constant (certainly this is far less reproachable than most of
the necessary assumptions) and if the subscript & denotes intensity
at the time f; and the subscript £, the intensity at the time {, then for
the antenna

(B2 n=Eo*+4(E1)u (sin? o) +4Eo(E1)x (sin @)u (cos On)u (5)
and likewise
(Egnt)¢2=Eo2+4(E12)¢2 (sin2 a)¢2+4Eo(E1)¢2 (sin a);z (COS 01)52 (6)

Now if we let 8(E2n) = (Eint) i — (Line)ts and if we further assume
that t; and {, are chosen sufficiently near together and at such times
that E, and sin o vary negligibly compared with rapidly varying
cos O, we have

§(E ) =4EoE; sin o [(cos 1), — (cos O1)y,] (7)
A similar argument applied to (4) gives
8(B\2ep) =4EoE1((cos O1) 1 — (cos O1),) (8)
Dividing (7) by (8) gives
2
———5(Ennt) =sin a. (9)
8(E 1205)

The difficulty with this method lies, however, in the necessary
assumption that £, and « remain constant during periods of rapid
change, investigations on high frequencies of layer heights and selec-
tive path fading indicates these assumptions may be indeed question-
able (particularly at sunrise and sunset). Thus, it will be noted that
rotations, as well as changes in attenuation may cause rapid changes
in Ji; while layer-height changes will effect sin « as well as O, although
the change in &; would in general (probably) be the more important.
In Appleton’s experiments he was able to vary O, rapidly by intro-
ducing small changes in transmitted frequency, but computations of
the necessary frequency changes in the very low frequency region
(i.e., near 18 ke) are not promising due to the large frequency changes
nceessary and the consequent serious interference involved to say
nothing of apparatus difficulties. Pulser methods also do not appear
promising since the length of the pulses necessary to produce suitable
resolution is short compared with the time of one cycle of normal
frequency.

Approximations for Small Sky Waves.
For I§, K and J0,<K [, it is possible (to an approximate equivalent
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to neglecting higher order terms in E\/E, and E;/E,) to neglect the
time quadrature components in (2) to (5) and write approximately

Ennt =E0+2E1 sin a cos (91 . (10)
Emnx=E0+2E1 COS (91 (11)
Lhu =2E, cos « (12)

/]
Esaes. =2 (Bo+2E; cos O1+2E; cos a cos (7,) (13)

It is evident that under these conditions, if a method of increments
similar to that already described is employed, it is possible to solve
for sin « on a similar set of assumptions as to the variability of sin «
and Ej, ie.,

AEant .
AL, =sin o (14)

Furthermore, if the ground wave is known, the values of E; cos (7,
E» and cos O,, as well as « may be computed.

However, in long-wave observations, it is by no means safe to
assume that sky waves are small compared to the ground wave, and,
inasmuch as even day values change by factors of 2 or 3 to 1 between
normal and disturbed days, sky waves of considerable magnitude seem
to exist in the daytime and no method of finding the true value of the
ground wave is hence apparent.

Summary of Theory.

From the above analysis we see that while it is possible to deduce
the electric and magnetic vectors in the downcoming wave from low-
frequency field strength data computations along the lines indicated,
the assumptions required to render the problem determinant are so
questionable as to discourage attempts at such an interpretation at
the present state of the observations, particularly as the transmission
path is too long to render determinations of « accurate. It is pre-
ferred, therefore, to point out that the maximum and nul loop inten-
sity curves show the values of

VEg24+4E2*+4E,E; cos O,

and 2F; cos a without attempting to segregate further these factors.
In any case, however, we may conclude that the low antenna values
observable (together with the much higher loop nul values observ-
able at the same time) show that in the normal night field E; is at
least comparable to one-half E, and that E, may be at least as great
and probably frequently much greater than E;. It remains for fur-
ther observations (probably of still other types) to furnish sufficient
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data to render the problem completely determinant, particularly
when it is recalled that probably a number of reflections are of im-
portance in determining the resultant field. It will be noted, however,
that strong evidence is furnished by the loop observations for large
rotations of the plane of polarization in the downcoming wave during
the night (and particularly at sunrise and sunset) and the evidence
also indicates a much more moderate change in amplitude of the
resultant electric vector than might be inferred from antenna obser-
vations alone.
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CERTAIN FACTORS AFFECTING THE GAIN
OF DIRECTIVE ANTENNAS*

By

G. C. SOUTHWORTH

(Department of Development and Research, American Telephone and
Telegraph Company, New York City)

Summary—This paper analyzes the performance of antenna arrays as in-
fluenced by certain variables within the control of the designing engineer. It starts
with an extremely simple analysis of the interfering effects produced by two sources
of waves of the same amplitude. This is followed by a short discussion of a paper
by Ronald Foster, which considers two antennas and also 16 antennas when arranged
in linear array. Two antennas separated in space by }4 wavelength and in phase by
14 period give sensibly more radiation in one direction than in the opposite. This,
for convenience, has been called a wnidirectional couplet. A number of these couplets
may be arranged in linear array, thereby giving an extremely useful directive system.
Diagrams are shown for such arrays as affected by the number and spacings of the
individual couplets. The gains from such arrays are calculated and data are given
showing fair agreement between calculation and observation.

Directional diagrams for arrays of coazial antennas indicate that somewhat
less gain may be expected from this form than when the elements are spaced laterally.
Combinations of these two types of arrays give marked directional properties in both
their horizontal and ver'tical planes of reference. This principle has been used rather
generally in short-wave communication. This paper also discusses effects resulting
from combining two or more arrays. In one case the space between two arraystends
to emphasize spurious lobes. The directional diagram of such a combination may be
rotated within limits by changing the phasing between adjacent arrays or sections
of an array. In all of the above cases the influence of the earth is ignored.

A mathematical appendiz gives general equations for calculating directional
diagrams of linear arrays. Special cases of these equations apply to the figures
included in the main part of the text. General equations are also given for calculating
the gains of arrays. Similar equations permit the areas of diagrams to be calculated.
An extended bibliography on antenna arrays is appended.

INTRODUCTION

HROUGHOUT the development of radio communication the
Tengineer has aspired to a directive system whereby radiation
might be projected from one point to another with a maximum
of efficiency and a minimum of interference with adjacent stations.
Also, he has aimed at similar directivity at the receiver to improve
the signal-to-noise ratio and otherwise discriminate against un-

* Dewey decimal classification: R125.6. Original manuscript received by
the Institute, April 19, 1930. Presented before Fifth Annual Convention of the
Institute, August 19, 1930.
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desirable signals. It was recognized at a very early date that directive
radio based on wave interference was feasible provided sufficiently

. short waves could be utilized, and as a result many interesting sug-

gestions to this end were made. However, as is well known, the early
development of the radio spectrum proceeded in the direction of long
waves rather than short waves, thereby deferring many of the applica-
tions of these suggestions.

The principle of wave interference on which most short-wave
systems of directive radio are based has probably been known for
several centuries. However, the first thorough treatment of this
subject was by Sir Thomas Young,! who, together with Fresnel,
securely established the wave theory of light in the early part of the
last century. Even Hooke and Huygens, who had offered the wave
theory over a century earlier, failed to recognize the full significance
of interference.

When Hertz started his celebrated experiments to verify Maxwell’s
theory he was, of course, in full knowledge of these phenomena and
their explanation, and invoked their use in proving the existence of
electric waves. It is interesting that in some of his experiments he
made use of parabolic mirrors for both transmitting and receiving,

-having directional characteristics very similar to those sometimes

used in present day radio practice. It is also of interest that he found
that parallel wires stretched over a frame were quite as effective as a
reflector as a continuous sheet of metal of similar dimensions, pro-
vided the wires were kept parallel to the lines of electric force of the
arriving wave. He apparently did not investigate the effect of varying
the spacing nor the length of the parallel wires, nor did his subsequent
experiments otherwise tend toward the present day antenna array
technique.

This paper treats in an elementary way certain aspects of the
antenna array problem, principally as regards the manner in which
calculated directivity is affected by the number and spacing of the
individual antennas which go to make up the array. The theory is
applicable only to those forms of directive antennas which may be
resolved into a series of individual sources. It does not apply to the
so-called wave antenna. However, principles are included which have
for some time been in general use in combining two or more such
antennas.

Extensive study has been given to directive antenna systems for
use in transoceanic radiotelephony. Papers dealing with this general

v Phil. Trans. of Royal Soc., 92, 12, 1802.
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subject have appeared from time to time.? Further work is in prog-
ress. Papers by E. J. Sterba and also by E. E. Bruce and H. T. Friis of
the Bell Telephone Laboratories are in preparation which will include
certain calculated data similar to those contained in the present paper,
and also experimental results obtained from tests on actual antennas of
various sizes and proportions.

Q
B

(b)

Fig. 1—Interference pattern. Two equiphased sources spaced one-half

wavelength.

In the early part of the following discussion each antenna is con-
sidered as a spherical source of waves which radiates equal power in
all directions. Furthermore, it assumes that the current in each
individual source, in a given array, is the same and is not materially

2 R. M. Foster, “Directive diagrams of antenna arrays,” Bell Sys. Tech.
Jour., 292, May, 1926. Austin Bailey, S. W. Dean, and W. T. Wintringham,
“Receiving system for long wave transatlantic radiotelephony, Proc. I. R. E,,
16, 1694; December, 1928. J. C. Schelleng, “Some problems in short. wave
radiotelephone transmission,” Proc. I. R. E., 18, 913; June, 1930.
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affected in either magnitude or phase by its proximity to other sources.
The fair approximation to which these calculated results are realized
in practice bespeaks the justification of these assumptions.

The various steps by which present day directional radio has been
developed are extremely interesting, but they are so involved in the
development of radio itself that their enumeration is considered out-
side the scope of this paper. However, bibliographies are cited below
covering some of their important phases.

(b)

Fig. 2—Interference pattern. Two sources separated in space by one-fourth
wavelength and in time by one-fourth period.

JLEMENTARY PRINCIPLES

The interference patterns resulting from a number of individual
sources of waves, such as antennas, arec dependent on both their
spacial arrangement and the magnitudes and relative phases of their
forces. This makes possible an almost unlimited number of com-
binations of which only a portion have thus far found use in com-
munication. This paper will restrict itself mainly to some cases which
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are already finding general application. As a suitable introduction
to this subject, a very simple case of wave interference is discussed in
the following paragraph.

Tigs. 1a and 2a depict in a rough way the interference resulting
from two independent sources of spherical waves of the same ampli-
tude. In the first case they are spaced 1/2 wavelength but are assumed
to be oscillating in phase. In the second case the two sources are sepa-
rated in space by 1/4 wavelength and in phase by 1/4 period. Crests
and troughs are represented respectively by solid and dotted lines.
At points where either two crests or two troughs arrive simultaneously
the resultant wave is greatly enhanced, whereas at certain other points
crests and troughs arrive together, thereby neutralizing each other’s
effects. At certain intermediate points these interfering effects are
only partially complete. Accompanying each figure is a directive
diagram (1b and 2b), plotted in polar coordinates, which shows the
effectiveness of the wave in each direction. The circle drawn outside
each diagram indicates the effect if the radiation had proceeded from
a single non-directional source similar to each of the above. The
ratio between the areas of the circle and the inscribed diagram gives
roughly the power improvement of such a device as manifested in the
intensity of the radiated wave. A more exact calculation of this
improvement requires an integration of the force components over a
unit sphere.

LiNEAR ANTENNA ARRAYS

Most directive antenna systems now in general use for short
waves may be regarded as special applications of the linear array.
This type consists of two or more antennas all having currents of equal
amplitude, equispaced along the same straight line. The properties
of such arrays have been treated very generally by Foster,> whose
paper included several hundred directive diagrams, taken in a bi-
secting plane perpendicular to the axis of each antenna of the array,
and typical of the results which may be expected from two antennas
and from arrays consisting of 16 antennas. A portion of these diagrams
have been reproduced in Figs. 3 and 4 below. The same principles
are applicable to both transmission and reception.

In Fig. 3 are shown diagrams resulting from two antennas as the
separation is increased from 0 to 1 wavelength in steps of 1/8 wave-
length and the phase increased from 0 to 1/2 period in steps of 1/8
period. The line or axis of the array is assumed to be horizontal and
the specified phase difference is such that the current in the right-

2 Loe. cit.
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hand antenna is lagging for a transmitting system and leading for a
receiver. It will be noted that for phase differences of both 0 and 1/2
T the diagrams are symmetrical about both the horizontal and vertical
axes of the figure, whereas for other phases the figures are asymmetrical
about the vertical axis except for certain limiting cases. Of these
asymmetrical diagrams, that corresponding to phase and spacial sepa-
rations both of 1/4 (Fig. 3b) is of particular importance and forms
the basis of the so-called reflector effect. This particular combination
of two sources is referred to later as a unidirectional couplet.? In
passing it is also of interest to note that the diagram of the coil or
frame aerial as_'generally used is intermediate between Figs. 3¢ and
3d. Its diagram would not differ essentially from its neighbors, Figs.
3d, 3e, or 3f, except for scale. This scale may conveniently be regarded
as a measure of the impedance of the device, or possibly its efficiency,
but not necessarily a measure of its usefulness.

Fig. 4 shows similar diagrams resulting from 16 antennas for vari-
ous phase and space relations. As in Fig. 3, diagrams in the top and
bottom rows corresponding respectively to phases of 0 and 1/2 T are
symmetrical about both the horizontal and vertical axes. The dia-
grams in the top row are in general bidirectional, while the bottom row
has one bidirectional diagram corresponding to phase and space
differences both equal to 1/2. It is of interest that for the most part
cases where the phase and space separations are numerically equal
correspond to unidirectional diagrams. However, these diagrams are
only moderately sharp and thus far such arrays have not been used
extensively in practice.

Referring again to the diagrams in the top row corresponding to 16
antennas all driven in phase, we note that directivity becomes progres-
sively sharper as the spacing is increased until in the vicinity of 15/16 A
appendages develop which soon surpass in magnitude the desired lobes.
This effect is present in the commercial array, and limits, as we shall
later see, the gain that may be derived from a given number of elements.
The diagrams shown in Fig. 4 for 16 antennas are typical of others
where the number of antennas in linear array is fairly large.

TaE LINEAR ARRAY AND REFLECTOR

One type of array now in commercial usé consists of two parallel
linear arrays of equiphased elements where the two parallel arrays are
spaced 1/4 wavelength and differ in relative phase by 1/4 period. It is

% In this, and in other cases in this paper, radiation is referred to as uni-
du}'lectlonal when sensibly more power is propagated in one direction than in
others.
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iint to regard such a device either as two independent linear
ssach having a directional characteristic as shown in the top
lig. 4, or as an array of couplets, each couplet of which has by
l'eart-shaped characteristic. Both antennas of the couplet may
rendently driven at their prescribed phase separation of 1/4
.r one may derive its power from that radiated by the other, in
i.se the proper phase relation is automatically approximated*
ssame practical result is obtained. In the latter case one is
cly known as the driven antenna and the other the reflector.
»wpoint is perbaps only a convenience and may not be al-
¢ correct. An array of the above type transmits and receives
iy direction at right angles to its principal dimension. This
;herefore, frequently known as a broadside array.

JIRECTIVE DIAGRAMS FROM ARRAYS AND REFLECTORS

g. b is plotted a series of diagrams in a bisecting plane normal
is of each antenna of the array for different broadside arrange-
ach as are used commercially. They are systematically ar-
orizontally in the order of the number of couplets in the array,
sically with the increased spacing between adjacent couplets.
ral different forms of such directive diagrams are possible,
1ay be plotted in either polar or rectangular coordinates. In
1 all diagrams are roughly of constant area and relative gains
rious antenna systems are expressed in terms of the principal
-ector. In the second form the length of the principal radius
remains constant and the relative gain is roughly inversely
ional to the area of the diagram. The second of these forms has
spted in this paper largely because of the relative simplicity of
ition of the diagram and the facility with which properties of
s may be determined.

1e lower left-hand corner of Fig. 5 will be found a plan showing
ngement of the elements relative to the important direction of
.ssion. At its right is the general equation of these diagrams.
mula is also given as equation (14) of the appendix where the
sal theory of arrays is developed. Below each diagram is the
the area of the circumscribed unit circle to the area of the hori-
liagram. Here also will be found the ratio of the area of the

e problem of the reflecting antenna has been considered by Wilmotte
>etrie, Jour. I. E. E., 66, 949; Englund and Crawford, Proc. I. R. E.,
; August, 1928; and Palmer and Honeyball, Jour. I. E. E., 67, 1045.
1clusionsindicate that the optimum separation between a single antenna
eflector to give maximum forward radiation is roughly A /3. However,
'8 that when several antennas and reflectors are invof]ved a separation
irly \/4 is optimum.
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. convenient to regard such a device either as two independent linear
arrays, each having a directional characteristic as shown in the top
.row of Fig. 4, or as an array of couplets, each couplet of which has by
'itself a heart-shaped characteristic. Both antennas of the couplet may
' be independently driven at their prescribed phase separation of 1 /4
- period, or one may derive its power from that radiated by the other, in
[ which case the proper phase relation is automatically approximated*
and the same practical result is obtained. In the latter case one is
frequently known as the driven antenna and the other the reflector.
This viewpoint is perhaps only a convenience and may not be al-
together correct. An array of the above type transmits and receives
best in a direction at right angles to its principal dimension. This
type is, therefore, frequently known as a broadside array.

DirecTIVE DIAGRAMS FROM ARRAYS AND REFLECTORS

In Tig. 5 is plotted a series of diagrams in a bisecting plane normal
to the axis of each antenna of the array for different broadside arrange-
ments such as are used commercially. They are systematically ar-
ranged horizontally in the order of the number of couplets in the array,
and vertically with the increased spacing between adjacent couplets.

Several different forms of such directive diagrams are possible,
which may be plotted in either polar or rectangular coordinates. In
one form all diagrams are roughly of constant area and relative gains
from various antenna systems are expressed in terms of the principal
radius vector. In the second form the length of the principal radius
vector remains constant and the relative gain is roughly inversely
prosortional to the area of the diagram. The second of these forms has
' nen adopted in this paper largely because of the relative simplicity of

' the emr-ation of the diagram and the facility with which properties of

?

int  ;as may be determined.
he lower left-hand corner of Fig. 5 will be found a plan showing
- he  'ngement of the elements relative to the important direction of
ra ;sion. At its right is the general equation of these diagrams.
" "h's i 'mula is also given as equation (14) of the appendix where the
nalytical theory of arrays is developed. Below each diagram is the
.. ati f the area of the circumscribed unit circle to the area of the hori-
n -1 diagram. Here also will be found the ratio of the area of the

" The problem of the reflecting antenna has been considered by Wilmotte

;. nd McPetrie, Jour. I. E. E., 66, 949; Englund and Crawford, Proc. 1. R. E.,

:'7, 1277; August, 1928; and Palmer and oneyball, Jour. I. E. K., 67, 1045.
heir conclusionsindicate that the optimum separation between a single antenna
nd its reflector to give maximum forward radiation is roughl A/3. However,
. appears that when several antennas and reflectors are invof’ved a separation
10re nearly A\/4 is optimum.
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convenient to regard such a device either as two independent linear
arrays, each having a directional characteristic as shown in the top
row of Fig. 4, or as an array of couplets, each couplet of which has by
itself a heart-shaped characteristic. Both antennas of the couplet may
be independently driven at their prescribed phase separation of 1 /4
period, or one may derive its power from that radiated by the other, in

|
1

i

which case the proper phase relation is automatically approximated*
and the same practical result is obtained. In the latter case one is
frequently known as the driven antenna and the other the reflector.
This viewpoint is perhaps only a convenience and may not be al-
together correct. An array of the above type transmits and receives
best in a direction at right angles to its principal dimension. This
type is, therefore, frequently known as a broadside array.

DirRECTIVE DIAGRAMS FROM ARRAYS AND REFLECTORS

In Fig. 5 is plotted a series of diagrams in a bisecting plane normal
to the axis of each antenna of the array for different broadside arrange-
ments such as are used commercially. They are systematically ar-
ranged horizontally in the order of the number of couplets in the array,
and vertically with the increased spacing between adjacent couplets.

Several different forms of such directive diagrams are possible,
which may be plotted in either polar or rectangular coordinates. In
one form all diagrams are roughly of constant area and relative gains
from various antenna systems are expressed in terms of the principal
radius vector. In the second form the length of the principal radius
vector remains constant and the relative gain is roughly inversely

. provortional to the area of the diagram. The second of these forms has
s¢ - ~en adopted in this paper largely because of the relative simplicity of

, the: emi-ation of the diagram and the facility with which properties of
ot sas may be determined.

e lower left-hand corner of Fig. 5 will be found a plan showing

-'he  'ngement of the elements relative to the important direction of

ra ision. At its right is the general equation of these diagrams.

v "hs i mula is also given as equation (14) of the appendix where the

‘nalytical theory of arrays is developed. Below each diagram is the

oty f the area of the circumscribed unit circle to the area of the hori-

on -1 diagram. Here also will be found the ratio of the area of the

' The problem of the reflecting antenna has been considered by Wilmotte
nd McPetrie, Jour. I. E. E., 66, 949; Englund and Crawford, Proc. 1. R. E.
:'7, 1277; August, 1928; and Palmer and%{oneyball, Jour. I. E. E., 67, 1045
heir conclusionsindicate that the optimum separation between a single antenna
nd its reflector to give maximum forward radiation is roughly A/3. However,
. appears that when several antennas and reflectors are invo{ved a separation
1ore nearly \/4 is optimum.
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subordinate loops to the area of the main loop. The total area may be
measured approximately with a planimeter or calculated more accu-
rately by equation (32) in the mathematical appendix. In making up
Fig. 5 each diagram was accurately plotted on standard polar coordin-
ate paper from perhaps a hundred calculated points. This was then
reduced photographically and the several diagrams were assembled.?

Inspection of the diagrams shows that increasing the number of
couplets increases in all cases the sharpness of the main loop and
hence the gain of the array, However, increasing the separation be-
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Tig. 6—Antenna arrays. Calculated power ratios vs number of couplets.

tween couplets increases the gain only up to a certain point, after
which the formation of parasitic lobes decreases the effectiveness of the
array. The trend of these gains may be illustrated more effectively in
graphical form.

In Fig. 6 calculated gain ratio is plotted against number of couplets
giving one graph for each separation considered. These ratios are not
based on the data given in Fig. 5, but were obtained from the integra-
tion of the equation of the directional diagram over an arbitrary
sphere by use of equation (27) below. It may be noted that for many
conditions the difference between these methods of calculating gain is
only moderate. These power ratios are for the most part linear,

s The diagrams used in this paper were calculated by a group of the De-
partment of Development and Research of the American Telephone and Tele-
graph Company, under the direction of Miss E. M. Baldwin, Most of the

material was checked by Mrs. Isabel Bemis, who assembled it in its present form
and prepared the attached bibliography.

e em




==

il Southworth: Factors Affecting Gain of Directive Antennas 1511
!

i| indicating that such gains are proportional to the length of the array.

- ' This is in keeping with the view that a receiving antenna can intercept

y wave power more or less in proportion to its dimensions. It is also

Y interesting to note that the slope of the curve of A/2 is approximately

* twice that for A/4, so that 16 couplets spaced 1/4 wavelength give
. approximately the same gain as eight couplets spaced 1 /2 wavelength.
} This again shows that the length of the array is the most important
. criterion in determining its gain. In Fig. 7 the same data have been

. plotted in decibels.
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Fig. 7—Antenna arrays. Calculated gains vs number of couplets.

In Fig. 8 gains expressed in decibels are plotted against the separa-
tion between elements. This shows more definitely the trend of the
antenna gain to a maximum, after which spurious lobes become of
importance. TFig. 8 suggests that the spacing, giving optimum gain,
would be the desideratum in antenna design. However, this is not
necessarily the case, as we shall presently see. It has already been
pointed out that the over-all length of array, rather than the spacing
or the number of conductors per unit length, constitutes the most
important factor in determining the gain. Furthermore, minimum area
diagrams are frequently attended by fairly large spurious lobes which
are undesirable particularly on receiving antennas. Also the cost of an
antenna system of a given height is more or less proportional to its
length, and in many cases is not materially affected by the number of
conductors present. These considerations, together with the fact that
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proper phases may often be most readily accomplished with intervals of
either 1/4 wavelength or 1/2 wavelength, have led to a rather general

adoption of these closer spacings. .
In Fig. 9, approximate gain ratios from arrays of various lengths %
have been plotted. These are most applicable for separations in the
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Fig. 8—Antenna arrays. Calculated gains vs lateral spacing between couplets.
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Fig. 9— Approximate gains to be expected from arrays of couplets for spacings
of approximately \ 4 and A, 2.

vicinity of 1/4 and 1/2 wavelength. Fig. 10 shows the same data

plotted in decibels. Within these limits, it appears that the gain ratio

may be expressed by the simple formula G= KL, where L is the array

length in wavelengths and K is approximately 5.6 The result expressed

in decibels is G' =10 log,o(KL).
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MEASURED ANTENNA GAINS

The degree to which the gains calculated above are approximated in
mractice is indicated by the data given in the diagrams of Figs. 11 and
2 and in Table I.

W — = TR TP, ¢ — -

L

Gain-db
N

z 6
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Fig. 10—Approximate gains to be expected from arrays of couplets for
spacings of approximately A\/4 and \/2.
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Fig. 11—Calculated directional diagram. Twentyfour couplets spaced one-
fourth wavelength. Circles indicate experimental points.

Fig. 11 shows a calculated diagram corresponding to certain
receiving arrays used in the transatlantic telephone service between
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America and England. Several points are plotted on this diagram
which correspond to the relative strengths of signals received at vari-
ous angles. These points were obtained by observing the relative
received signal voltage, measured on a standard field-strength measur-
ing set connected to the array as an electric oscillator of constant
amplitude was carried around the array at a distance of perhaps 20
wavelengths. The plotted data correspond to the case where the
reflector was “floating.” Although this arrangement most nearly
corresponds to the conditions assumed in the calculated curve, it is not
necessarily the most desirable adjustment to minimize noise arriving
from the rear. This diagram corresponds to the antennas designated
as 1-A,2-A, and 3-A in Table I. These antennas consist effectively of 24
vertical couplets spaced horizontally at intervals of 1/4 wavelength.

TABLE I
Measured
Nominal Gg;;i(l);er
Array Operating Single Calculated Differ-
Desig- Frequency Number Spacing Elemgent Gain ence
nation Megacycles Couplets db db db
1-A 18 24 z/4 15.3 15.0 +0.3
. 2-A 18 24 \/4 15.2 15.0 +0.2
3-A 18 24 \/4 15.0 15.0 0.0
1-B 12 24 A/4 15.6 15.0 +0.6
2-B 12 24 \/4 14.5 15.0 —-0.5
3-B 15 24 A/4 13.6 15.0 -1.4
4~-B 15 24 \/4 16.6 15.0 +1.6
2-C 10 24 \/4 16.3 15.0 +1.3
3-C 10 24 \/4 15.5 15.0 +0.5
1-C 9 18 \/4 13.6 13.8 -0.2
D* 14 9 \/2 13.0 13.7 -0.7

* This antenna actually consisted of two arrays of four couplets each spaced
laterally by one wavelength. The resultant diagram of such an array is for all
practical purposes the same as that produced by a continuous array of nine
couplets. .

In this table are given further data on the strength of signals
received on arrays, as compared with those received simultaneously on
a single element of similar structure and height above earth. The
different antennas represented involve varying conditions of wave-
length, height above earth, adjacent terrain, and types of support.
These details are not believed to be of sufficient importance for dis-
cussion here. Two different array lengths are represented. The rela-
tive gains were substantially the same when observed on a local source
of waves and when the signal came from a distant station. The last
array represented in Table I was one used for transmitting. To effect
the test, equal power was transmitted alternately from the array and
from a single element while comparative measurements of electric
field strength were made at a distance of approximately 3500 miles.
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iiThe datum given is the mean of perhaps 100 observations extending
‘over a total of eight hours on three different days. Two errors are
Jinvolved in the data of Table I. One is due to the doubtful magnitude
“of a correction necessary to account for the various heights at which
tthe arrays were located above the earth and the second is the error of
" /measurement of gain as compared with the reference antenna. These
-errors are approximately equal and together amount to +1 db.
In order to test further the agreement between measured gains and
“those calculated from the simple assumptions above, a receiving array
was assembled step by step and corresponding measurements made.
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" Fig. 12—Relation of measured to calculated gain of receiving antenna array
at 14,350 ke.

" Certain precautions, such as to maintain impedance matches at points
¢ of coupling, were observed. The resulting data were plotted as points
" in Fig. 12. A smooth curve represents the corresponding calculated
i data. It will be observed that the measured values are consistently
higher than those calculated at the lower end of the curve, and in this
region the agreement can hardly be regarded as satisfactory. However,
limited time prevented a thorough study of the errors of measurement.
Conscquently these limited data may not be regarded as any adequate
“ = test of the theory.

PO

COMBINATIONS OF ARRAYS

It may be shown that two or more similar directive systems may
| be com-blned to give a total directive effect, represented by the product
-1 of the individual effect, multiplied by the group effect. This principle
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