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GENERAL INFORMATION

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

Subscription rates to the PROCEEDINGS for the current year are received from non-members
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may not be reproduced without making special arrangemenis with the Institute through
the Secretary.

It is understood that the statements and opinions given in the PROCEEDINGS are views of the
individnal members to whom they are credited, and are not binding on the membership
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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,
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SUGGESTIONS FOR CONTRIBUTORS TO THE
“PROCEEDINGS”

Preparation of Paper

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

Illustrations—Use only jet black ink on white paper or tracing cloth. Cross-section paper
used for graphs should not have more than four lires per inch. If finer ruled paper is
used, the major division lines shou!d be drawn in with black ink, omitting the finer divi-
sions. In the latter case, only llue-lined paper can be accepted. Fhotographs 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 & x 10 in.
‘figure. Legends for figures should be tabulated on a separate sheet, not lnttered on
the illustrations.

Mathematics—Fractions should be indicated by a slanting line. Use standard symbols.
Decimals not preceded by whole numbers should be preceded by zero, as 0.018. Equa-
tions may be written in ink with subscript numbers, radicals, etc., in the desired
proportion.

Abbreviations—Write a.c.. and d.c. (a-» and d-c as adjectives), ke, uf, puf, em.., mh, uh,
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 orlv source of information used in compiling
scientific reference indexes. Abstracts printed in other journals, especiallr foreign,
in most cases consist of summaries from published papers. The summary should explain
as adequately as possible the major conclusions to a non-specialist in the subject.
The summary should contain from 100 to 300 words, depending on the length of the paper.

Publication of Paper

Disposition—All manuscripts should he addressed to the Institute of Radio Engineers, 33 West
30th Street, New York City. They will be examined by the Committee on Meetings
and Papers and by the Editor. Authors are advised as promptly as possible of the
action taken, usually within one month.

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

Reprints—With the galley proof a reprint order form is sent to the aufhor. Orders for
reprints must be forwarded promptly as type is not held after publication.
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APPLICATIONS FOR MEMBERSHIP

Applications for transfer or election to the various grades of membership
have been received from the persons listed below, and have been approved by
the Committee on Admissions. Members objecting to transfer or election of
any of these applicants should communicate with the Secretary on or before
April 30, 1930. These applicants will be considered by the Board of Direction
at its May 7th meeting.

For Transfer to the Member grade
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Little Rock, 423 Johnson St... ... .. e P Summers, J. O.
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Los Angeles, 1627 S. Hayworth Ave.......... ... .. Cook, Frank W.
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Mayfield, 625 Oberlin St................... .. ... Odell, Carl H.
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St. Petersbursz 4210-21st St. North. .. ...... .. ... Link, Louis J.
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Georgia Savannah, 88 S}ucl\shmny, c/o South Atlantic SS Co. Szabo, P
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Chicago, 3307 Warren Ave.. ... .................. Dymond, Clifton
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Maryland

Massachusetts

Michigan

Minnesota
Mississippi
New Jersey

New Jersey

New York

North Carolina
Ohio

Oklahoma
Pennsylvania

Applications for Membership
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Baltimore, WCAO, 844 N. Howard St
Baltimore, 2902 Presbury St..

..Clark, L. W,
.. Harris, C. C.
.Monteith, J. W.

Baltlmore, 3602 Greenmount Ave.. ... ... ... Nopper, C. G.
Baltimore, 809 N. Payson St................ ... .Schultz, James
Laurel, 609 Fairlawn Ave.. ... ...... .. .......... Poist, H. J.
Arlington, 64 Spring Ave.. .. ... ............. - .Mornson, E.J W.
Brookline, 376 Clinton Rd.. . .................... Fitts, L. W.

Fall River, 135 Franklin St.. . . ... .............. Walsh, P. S.
Salem, 12 Summit Ave.. ........................ Cooke Walter D.
Salem, Apt. 3, Temple Ct., Lynde St.............. Hamxlton H.G., Jr.
Somerville, 246 Broadway .. ......... ... ...... Parler, W.H.Jr.
South Boston D54 AE [STAGUE WA ol . of bl kel Lucia, S. E,
Detroit, Mlchlgan Bell Telephone Co.. .......Dicks, A, W.
Detroit, 2067 W. Gd. Blvd.................... ... Dow, Larry W.
Detroit, 615 West Lafayette, Blvd.. .............. MecPhillips, F. A.
Detroit, 234 West Grand Blvd.. . ................ Mishler, W. T. E
Detroit, 8545 Dumbarton, Rd., Apt. 101. . ........ Pepin, R. H.
Detroit, 415 E. Congress. . .. ........covoiin.- Wlthmgton G. M.
Ferndale, 1424 Pinecrest Dr.. . . ... .............. Elliott, John E.
Jackson, 912 W, Michigan Ave................... Mount)oy, Garrard
Sagmaw 1114 N. Webster St.. J . Gledhill, A
aneapohs 5253-28th Ave. South............ ... Fleming, M. N
Meridian, 2518 T S e S e Tanner, D. W.
Almonesson, P. O. Box No. 54 ... ............... Urian, i D.
Camden, REAVICtor GO B e 55 vt seniss s <13 Massa, Frank
Colllngswood 259 New Jersey Ave...... N Turner Alfred H.
Haddon Heights, 1601 Sycamore St............... Briggs, 'JOA.
Hoboken, 214 Bloomfield St.................... .Chambers, James
Long Branch, 688 Broadway. . ... . ............. Marks, W. S., Jr.
Lyndhurst, 201 Fern Ave. . ... ....oo.oooiioeiin Kaulfers, W. C.
Qceanport, Signal Corps Labs., Ft. Monmouth. . . ..Slonaker, L. V.
Ogeanport, Ft. Monmouth. . .. .................. Wilson, R.A.
Paterson, 299 Pacifie St.. ... ................. ... Franck E.W.
Trenton, 1265 Nottingham Way ST T Cannon, Thomas
Brooklyn 135 Parkside Ave., Apt A4 ... Abbott, Donald
Brooklyn, 837-60th St........................... Gabrielson, H. M
Brooklyn, NS 7Ot Sl sraml - ¢ v (] - ETm s RVt 4R Hintz, R. T
Brooklyn, 157 Butler St.. . ...................... Knutson, H. C. I.
Brooklyn, 7410 Ridge Blvd.. . . ................ .. Misterly, F. S.
Brooklyn, 528-76th St........................ ... Phelan, T. H.
Brooklyn, 910 Cortelyou Rd... . ............. ... Shiepe, E. M.
Butalo, 752 ImYStomes et o - - 4 s r T pn o - - o o - Andriatch, N. D.
Buffalo, 152 Goodrich St.. .. .................... Bickelman, J. E.
Buffalo, 215 Northland Ave...................... Campbell, R. H.
Ithaca, 206 Willard Way. ....................... Bostwick, W. E.
New York City, 463 West St................ L .Bostwmk L.G.
New York City, 881 Irvine St., Bronz. ... ........Harrison, Harry
New York City, 729 Seventh Ave................. Hopfenberg, J. AL
New York City, 720 W. 173rd St.. .. ... ... .. .. .. Infeld, I. A.

New York City, 210-11th Ave.. . .. .............. Jean, Robert P.
New York City, 664 W. 161st St.. ... ............ Lyons Walter
New York City, 195 Broadway, Rm. 1630...... .. Mchmn T.A.
New York City, 75 E. 104th St................ ... Prilik, Max.

New York Cxty, 2020 Valentine Ave., the Bronx.. .. Roberts, Horace Jr.
New York City, Electric Testing Labs. , 80th St. and

EaStPENARAVE b vk e s inesd e s £ 367 05 3 e Thompson, Gordon
New York City, 1973 Arthur Ave., the Bronx... ..Wachtell,J. J
Rockville Center, L. I, 161 Lawson Ave........ . Fluharty, W. G
Schenectady, 2 River Rd Bldg. No. 37, General

ElCCtichCo, . an ot s Ml ks gl - A s Fulton, R.
Schenectady, Union College, E. E. Dept........... Palermo, A. J.
Scotia, 178 Charles St.. .. .................. W .Cummmgs Alan P.
Southampton L. I., 109 Toylesome Lane....... .. Millar, J. Z.
Syracuse, 1903 Midland Ave.................. .. Persett, H. A,
Saluda, P. 0. Box No. 322. . . .......Johnson, R. L.
Cincinnati, 935 Woodlawn Ave.. ... .............. Bird, J. R.
Cincinnati, Crosley Radio Cor ... ..Glessner, J. M.
Cincinnati, 3401 Colerain Ave........................ Goheen, Richard C.
Cincinnati, 1666 Westmoreland . eV .Grogan, L E.
Cincinnati, 2727 N. Bend Rd.. .. . . .............. Leibrook, Brice
Cincinnati, 457 Riddle Rd.. . ... . ....Mpyers, Wm. 0.
Cleveland, ¢/o B. W. Smith, 2019 Euelid Ave. 2 .Ear_nes, A. M. Jr.
Cleveland, ¢/o Cleveland Alrport . .Smith, W. L.

..Welman, V. A.
..Evans, Lee C.
McKim, R. W.
Dally, Roy
Taylor, Otho E.
Thropp, C H
Arnold, R. W

Cleveland 750 Prospect Ave.. ... ..
Cleveland’ Heights, 2480 Overlook R
Copley, Route 1, P. O. Box No. 31.

Dayton, 3 Maple Dr., Southern Hills
Greenville, 532 Browdway .
Milford, P. O. Box No. 266...... 3
Oklahoma City, 103 West 13th Stoem

Chester, 840 L. 14th St. 5y Miles, E. E.
Indlana, 1601 W, Phﬂadelphla St .. Beck, H. J,
Munhall, 419 Ninth Ave.. . ............ i .Cntchlow, E.F.
0Oil City, P. @, BoXi NO..31SL 5155 0. St i 3w w2 Rasmussen, Robert
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Pennsylvania (cont.) Philadelphia, ¢/o Leeds and Northrup Co..

South Dakota
Texas
Virginia

‘Washington

Wisconsin
Wyoming
Australia

Belgium
Canada

Ceylon
Chile
China
England

Federated Malay
States

Holland

Ireland

Japan

Peru

California

Dist. of Columbia
Georgia
Massachusetts

New Jersey
New York

Pennsylvania

Applications for Membership

..... Tarpley, R. E.
..... Herlihy, W. J.
..... MecAllister, R. H.
Dieffenbacher, C. C.
..Bowyer, R. A., Jr.
Greene, H. Bettis

... Plavidal, Louis
..... Hawthorne, W, G.

Pittsburgh, 714 Plaza Bldg................
Pottsville, 426 Adams St.. .. ..............
Wilkinsburg, Apt. 5, Carnahan Bldg... . ....
Yankton, 711 West 4th St.
Beaumont, Sun Oil Co., P. O. Drawer 790
Norfolk, 319 W.32nd St.. .. ............ .
Quantico, Marine Barracks. .. .............
Seattle, 458 Skinner Bldg.. ........ ............. Brown, H. M.

Seattle, 458 Skinner Bldg.. .. .................... Hurlbut, H. C.
Seattle, 1726 Broadway . ........................ Ramsey, C. B.
Milwaukee, 989 Cramer St.. .. ce..oo.w...Wendler, E. H.
Panco, Barco HOLEL. ircde o cirdl g bt 6 5 wram oo Anderson, J. S.
Rockdale, AT S oy - o~ . - SRR Martin, A. F.

Darlinghurst, Sydney, 19 Craigend St. .. ........ Phillips, F. A.

Brussels, 54 Rue Gustave Fuss. .................. Delvlgne André
Montreal, Que., 1184 Cote des Neiges Rd... . . ... .. Chauvin, 8. B.
Montreal, ue.. 637 Craig St... it ieiewich

....... R\chardson J. S.
.....Cooper, J. R

Toronto, Ont., 157 Hope St.. .
Ruedy, Richard

Toronto, Ont., 42 Maitland St..

Toronto, Ont., 117 Ennerdale R Swabey, H. C.
Colombo, “Vijitha,” NManning Place, Wellawatte Abeydeera, Alfred
Santiago, Casilla 828 .. Sazie, Enrique
Shanghai, Electric Service Corp., 20 Nanking Rd.. . Fedotoff, L. N.

Chelmsford, “Chelmsford College,” Arbour Lane....Stamford N. C.

Doncaster, Yorkshire, 36, Nether Hall Rd.. ....... Brenchlev. C.C.
Hull, 46, Park Rd. . .. veeseeeein e Wheeler, C. H. J.
ngston Hlll Surrey No. 1. Dickerage Rd., Coombe

TEATICE: 4.4 B DT B~ e I T PR T 4 11T R e F 2 ermes, L. W
London 8. W. 1., 20 St. Georges Rd............... Rees, H. G. P.
Manchester, 8 The Grove, Whitworth Park. ....... Handcock, F. V.

Squirrell’s Heath Essex, “Heath View,” Park Rd...Fisher-Luttrelle, Wm.

Kuala Lumpur, Dngmeermg Branch, Posts and

el S enanenmerimur i e T m——— MacIntosh, James:
Amsterdam—O, Qosterpark 58................... Rodrigues, ‘de Miranda
County Antrim, Antrim, The Manse. .. .......... .Crook, W. M.

Koshlkawa A.
.. Shigeru, Tnada
. Anderson, L. N,
Delbord, Y. L.

Sapporo, Tsuklsaapu Sendmg Station JOIK
Kumamoto City, Shiniyu Broadcast Station.
Lima, ¢/o All America Cables, Ine., Casilla 2336 .

Lxma, ¢/o All America Cabes, Inc................

For Election to the Junior grade

Berkeley, 1001 Oxford St. ..............co.iu Heinrich, Mortimer
‘Washington, 1115-12th St. N. W. Apt. 3.......... Adams, T. O.
Macon, 407 Napier Ave.. .. ...........coun vnnn Breedlove, B H.

Allston, 41 Aldie St.. .......oooiinieiiiiiiinn Foth E. AW
Worcester, 6 Fox St.............. — o Gruzm Herman A.
Gloucester, 306 Somerset St......... fhd L a2 4 Haves, E. D.
Niagara Falls, 2512 Pine Ave.. . ........... ...... La Mantia, P. V.
Staten Island, 423 Jersey St......... .......... .De Rosa, L. A
Philadelphia, 1621 Christian St........ - . Tucei, T. J.
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ARTHUR F. Van Dyck
Member, Board of Direction, 1930

Arthur F. Van Dyck was born at Stuyvesant Falls, N. Y., May 20, 1891.
He was graduated from Sheffield Scientific School of Yale University with Ph.B.
degree in 1911.

From 1907 to 1910 he operated both at sea in the commercial service and
on land as an amateur.

After graduation he was engaged in research work at Brant Rock, Mass.,
for the National Electric Signalling Company until 1912. His next connection
was in the Research Department of the Westinghouse Electric and Manu-
facturing Company at East Pittsburgh, Pa. Leaving there in 1914, he became
instructor in electrical engineering at the Carnegie Institute of Technology.
In 1917 he became an Expert Radio Aide for the U. S. Navy and was stationed
at the New York Navy Yard and at the Navy Department in Washington until
1919, when:he joined the Marconi Company at Aldene, N. J., in charge of the
engineering department. From 1920 to 1922 he had charge of radio receiver
design for the General Electric Company in Schenectady, N. Y. In 1922 he
became associated with the Radio Corporation of America, later the Radio-
Victor Corporation, as manager of the engineering and test department in 1929.
At present he is with the Radio Corporation of America in the Patent and
License Department.

Mr. Van Dyck is a charter Associate member of the Institute, having
joined in 1913. He became a Member of the Institute in 1918 and a Fellow in
1925. He has been a member of the Committee on Admissions since 1929, and
was in standardization work as the Chairman of the Technical Committee on
Radio Transmitters and Receivers under the American Standards Association
procedure from 1925 to 1929. He has been a member of the Underwriters’
Laboratories Radio Industry Conference since 1925. In the U.S. Naval Reserve
he holds the rank of Lieutenant Commander.



INSTITUTE NEWS AND RADIO NOTES

March Meeting of Board of Directions

A meeting of the Board of Direction was held at 3 p.m. on March 5,
1930, the following being present: Lee de Forest, president; Melville
Eastham, treasurer; Alfred N. Goldsmith, editor; Arthur Batcheller,
Raymond A. Heising, Lewis M. Hull, Cyril M. Jansky, Jr., Ray H.
Manson, Robert H. Marriott, Arthur F. Van Dyck, and Harold P.
Westman, secretary.

The following were elected or transferred to the Member grade.
Elected: J. F. Church, Hugo Cohn, C. F. Lane, J. F. Moriarty, and
V. K. Zworykin. Transferred: G. N. P. Allaway, W. F. Bardin, Harry
Diamond, and H. A. Gambrell.

One hundred and eight Associate members and nine Junior mem-
bers were elected.

Membership Cards

Membership cards for the year 1930 are available to all who desire
them. They are not mailed to members unless specifically requested.

Associate Application Form

For the benefit of members who desire to have available eack month
an application form for Associate membership, there is printed in the
ProcEEDINGS 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 non-members. The condensed form in the advertising
section of the PRocrEDINGS each month may be helpful.

Radio Signal Transmissions of Standard Frequency
Aprin TO JUNE, 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 WWYV
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 Apr. 21 May 20 June 20
10:00 .M. 1600 4000 550
10:12 1800 4400 600
10.24 2000 4800 700
10. 36 2400 5200 800
10:48 2800 5800 1000
1100 3200 6400 1200
11:12 3600 7000 1400
11:24 4000 7600 1500

Broadcast Reports on Astrophysical and Geophysical Phenomena

We have been advised that after February 1, 1930, it is probable
that a bulletin concerning astrophysical and geophysical phenomena
capable of influencing the propagation of radio waves will be broadcast
daily from the Lafayette, (17.751 ke or 16,900 meters) and Issy-
les-Moulineaux (9,230 ke or 32.5 meters) radio stations immediately
following the regular time signals transmitted at 2000 Greenwich Mean
Time.

The text of these bulletins will comprise data from the Astronomical
Observatory at Meudon, the Physical Institute of the Globe at Paris,
and the National Meteorological Office. Thelast named body assumes
the duty of collecting these data and compiling the bulletins.

These broadcasts have resulted from the efforts of the Committee
on Cooperation of the American Section of the International Union of
Scientific Radio Telegraphy (Union Radio Scientifique Internationale,
or U.R.S.1).

Committee Work
COMMITTEE ON ADMISSIONS

A meeting of the Committee on Admissions was held at 6 P.M. on
March 4, 1930, in the Western Universities Club, 11 West 53rd Street,
New York City. The following were present: Raymond A. Heising,
chairman; C. N. Anderson, Arthur Batcheller, C. M. Jansky, Jr.,
R. H. Marriott, E. R. Shute, and A. F. Van Dyek.

The committee considered seventeen applications for transfer or
election to higher grades of membership in the Institute.
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COMMITTEE ON BROADCASTING

The last meeting of the Committee on Broadcasting was held at
1 ».M.,, March 5, 1930. L. M. Hull, chairman; Arthur Batcheller, C. W.
Horn, and R. H. Marriott were present.

CoMMITTEE ON CONSTITUTION AND LAWws

At the March 5, 1930, meeting of the Committee on Constitution
and Laws, held at 10 a.m., R. H. Marriott, chairman ; Arthur Batchel-
ler, Melville Eastham, H. E. Hallborg, R. A. Heising, and G. W.
Pickard were present.

STANDARDIZATION

In the past, the working committees operating under the Com-
mittee on Standardization of the Institute were known as subcommit-
tees and any committecs established by a subcommittee were known
as subsubcommittees. To simplify matters, committees operating
directly under the Committee on Standardization will now be known
as technical committees and the subsubcommittees will be referred
to as subcommittees.

TecuNIcAL CoMMITTEE ON RADIO RECEIVERS AND PaRTS—A.S.A.

A meeting of the Technical Committee on Radio Receivers and
Parts, operating under American Standards Association procedure,
was held at 10:45 a.M. on February 26th, the following being present:
W. A. MacDonald, chairman; T. McL. Davis, E. T. Dickey, J. W.
Fulmer (representing H. B. Smith), V. M. Graham, W. M. Grimditch,
and H. P. Westman, secretary.

TecuNicalL CoMmMITTEE ON VacuuMm TuBzs—I.R.E.

At the last meeting of the Technical Committee on Vacuum Tubes
of the Institute, held at 10:30 a.M. on March 5, 1930, the following
were present: J. C. Warner, presiding; Stuart Ballantine, Harry F.
Dart, D. E. Harnett, M. J. Kelly, and H. P. Westman, secretary.

TecuNicaL CoMMITTEE ON ELECTRO-AcoUsTIic DEvVIcES—A.S.A.

The following were present at the meeting of the Technical Com-
mittee on Electro-Acoustic Devices, operating under American Stand-
ards Association procedure, which was held at 10:30 A.xm., March 6,
1930: Irving Wolff, chairman; L. G. Bostwick, E. D. Cook, J. W.
Fulmer (representing H. B. Smith), C. R. Hanna, E. W. Kellogg,
Benjamin Olney, J. D. Phyfe, W. P. Powers, L. J. Sivian, Arthur
Thiessen, J. E. Volkmann, and H. P. Westman, secretary.
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Institute Meetings
BUFFALO-NIAGARA SECTION

A meeting of the Buffalo-Niagara Section was held on February
19th in Room 239, Edmund Hayes Hall, University of Buffalo. A. B.
Chamberlain, acting chairman, presided.

Karr Parker, engineer for McCarthy Bros. and Ford, presented a
paper, “Radio and Public Address Distributions Systems, Especially
as Applied to Statler Hotels Service.” A general discussion followed
the presentation of this paper.

Twenty-one members of the section attended this meeting.

CHICAGO SECTION

The February meeting of the Chicago Section was held in the
Lounge of the Western Society of Engineers, Engineering Building,
on the 21st of the month.

The presiding officer was H. E. Kranz and the speaker, F. 8. Huddy,
assistant chief engineer of the Ceco Manufacturing Co., delivered a
paper on “The Pentode.” Messrs. Andrews, Arnold, Hassel, Henry,
Kranz, Miller, and Weinberg participated in the discussion of the
paper. Two hundred and twenty-five members and guests attended the
meeting.

CINCINNATI SECTION

The February meeting of the Cincinnati Section was held on the
20th of the month at Wright Field, Dayton, R. H. Langley presiding.

The meeting started early in the afternoon, and guides were pro-
vided to take those present through the laboratories at the field.
Seventy-two members and guests assembled in the officers’ mess for
dinner at five o’clock and the usual meeting followed.

A considerable discussion followed the illustrated lecture given by
Joseph Chambers, technical supervisor of Stations WLW and WSAT,
discussing broadeasting in general and high-power broadcast stations
in particular.

The second speaker, C. D. Barbulesco, discussed and demonstrated
the advantages of super-regeneration for very high frequency recep-
tion. The use of this type of receiver for measuring the distance be-
tween a flying aeroplane and the earth was also considered.

The meeting was so successful that it is probable that the May
meeting will be held at Dayton.

DETROIT SECTION

A meeting of the Detroit Section was held on February 21st in the
Detroit News Building.
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The meeting was presided over by A. B. Buchanan and a demon-
stration of the RCA Theremin was given.

The second half of the meeting was devoted to a paper, “Radio
Aids to Navigation,” delivered by S. L. Bailey of the Bureau of
Lighthouses. A general discussion was participated in by many of
the ninety-five members and friends present.

Los ANGELES SECTION

At the February 17, 1930, meeting of the Los Angeles Section pre- -
sided over by T. C. Bowles, a paper on “Piezo-Electric Crystals and
Their Formation” was delivered by W. L. Burnett. This paper covered
the subject from the formation of the crystal in the earth to its being
placed in service in a radio transmitter.

Messrs. Andersen, Eldridge, Fox, McDonough, and Nekirk dis-
cussed the paper.

Seventy-one members and guests were present.

New Yorxk MEETING

The regular monthly New York meeting of the Institute was held
on Wednesday, March 5, 1930, in the Engineering Societies Building,
33 West 39th Street, New York City. Lee de Forest, president of the
Institute, presided.

A paper on “Transmission Characteristics of a Short-Wave
Telephone Circuit” was presented by R. K. Potter, of the Netcong,
N. J., station of the American Telephone and Telegraph Company.
The paper is summarized as follows:

The frequency characteristic of a high-frequency, transatlantic radio-
telephone channel is described and discussed in this paper. The frequency
characteristic of a wire telephone circuit can be adequately portrayed in
two dimensions—“frequency” and “amplitude”™—but it is shown that such
a characteristic of a high-frequency radiotelephone circuit requires the addi-
tion of a third dimension—“iime,” since the frequency-amplitude relation
undergoes a continual change. To provide this third dimension a series of
frequency characteristics were recorded in rapid succession. The regularity
of peaks and depressions which appear in the records indicate that the
phenomenon is due to wave interference between signals traveling over
three or more paths of different electrical length between the transmitter
and receiver.

1t is shown that during periods of very rapid fading radio frequencies
spaced only 170 cycles apart fade differently. Curves are included illus-
trating the seasonal susceptibility of the circuit to this type of fading. An
occasion of distinct speech echoes observed during a rapid fading period
when a single side band of the signal was transmitted is discussed, and an
explanation is offered for the reason that speech echoes are not more fre-
quently identified on high-frequency circuits.
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Assuming certain relations between the lengths of different paths be-
tween transmitter and receiver, patterns similar to those recorded are con-
structed synthetically. A study of the changes in shape occurring in these
synthetic characteristics indicates that a certain relation of the ether paths
will produce a complete and continual suppression of particular transmitted
tones. Records show that this condition may exist for short periods.
Another effect of te selective fading which produces these patterns is shown
to be that of an effective variation in the percentage modulation of the
received signal which imposes a limitation upon the operation of an auto-
matic output level regulator.

An arrangement used for projecting a moving picture of the constantly
changing frequency characteristic upon the screen of a cathode-ray tube
is described. Observations of these moving pictures for short test periods
frequently throughout the day and year at different frequencies showed
that the recurrent shapes of characteristic vary with time of day and season
and are of more simple pattern at the higher frequencies.

Three hundred and fifty members and guests attended this meet-
Ing.

PrrTsBURGH SECTION

On February 25th a meeting of the Pittsburgh Section was held
at Utility Hall in the Philadelphia Building, L. A. Terven presiding.

J. G. McKinley presented an instructive paper on “Radio Interfer-
ence,” with special reference to the study of antenna pickup. The
resonant wave coil used by the author was then considered with slides
and illustrations.

Following this J. G. Allen described some recent tests with uni-
lateral receivers in interference location work, and a demonstration
of noise making appliances was given by Anthony Mag and J. G. Allen.

There were forty present at the meeting.

TORONTO SECTION

A meeting of the Toronto Section was held on January 8, 1930, at
the Electrical Building, University of Toronto, V. G. Smith, chairman,
presiding.

The speaker of the evening, P. C. Ripley of the Kester Solder
Company, Chicago, presented an interesting paper on the subject,
“Fluxes and Solder in the Radio Industry.”

The paper was considered as being interesting by the eighty
members and guests who attended the meeting and Messrs. Fox,
Lowrie, Northover, Patience, and Smith discussed it.

WASHINGTON SECTION

A meeting of the Washington Section was held on February.IS,
1930, in the Hotel Continental. C. B. Jolliffe, chairman of the section,
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presided. The following papers were presented: “Status of Fre-
quency Measurement,” by C. B. Jolliffe, and “International Frequency
Measurement,” by A. Hoyt Taylor.

Dr. C. B. Jolliffe spoke on the results of the work of the Bureau
of Standards in developing and constructing an accurate frequency
standard. He illustrated his discussion with lantern slides, and showed
the construction of the constant temperature cabinets and thermo-
static control units by which the temperature of the piezo-electrie
crystals is maintained constant. The mounting of the crystal was
explained wherein a quartz disk is provided with an annular peripheral
groove into which adjusting screws project to maintain the quartz
plate in a position free for constant frequency oscillation. Dr. Jolliffe’s
experiences in Furope in comparing one of the secondary standards
developed by the Bureau of Standards from the primary-frequency
standard was described and the readings obtained in different labora-
tories in Europe compared. It was pointed out that by accurate main-
tenance of temperature in the immediate vicinity of the piezo-crystal
element, the frequency drift would be very slight and an opportunity
for more extended use of the available frequencies obtained.

Dr. Taylor described the constant frequency transmitter developed
by members of the staff of the Naval Research Laboratory wherein a
temperature-controlled piezo-electric crystal -oscillator controls the
operation of a frequency-doubling multistage amplifier system for
transmission of constant frequency signals on 20,000 ke. These signals
are to be checked in France, Germany, England, and probably Japan

“for the comparison of frequencies, and will give an even more accurate

method of frequency standardization than the actual transportation
of frequency standards from one country to another without the in-
herent travel and incidental delay.

These papers were discussed by Captain Guy Hill, L. P. Wheeler,
G. D. Robinson, and A. Hoyt Taylor.

Personal Mention

Lewis M. Clement, formerly vice president and chief engineer of
the Brandes Laboratories, is now in the Radio Division of the Westing-
house Electric and Manufacturing Company at their New York office.

Donald MeNicol has been appointed editorial director of the two
publications Radio Engineering and Projection Engineering.

Leo C. Kelly, who was previously a member of the Engineering
Department of the American Telephone and Telegraph Company in
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New York City, is now located at the International Communication
Laboratories in New York City.

R. J. White, who has been a Radiotron specialist for the Radio
Corporation of America in Dallas, Texas, is now field representative
for the RCA-Victor Company at the same place.

D. C. Wallace has recently become zone manager for the General
Motors Radio Corporation. He is located in Los Angeles, California,
and prior to this connection was manufacturers’ representative for a
number of radio manufacturing organizations.

Harry Thomas, formerly on the engineering staff of the Audio
Vision Appliance Company at Camden, has recently become connected
with the American Bosch Magneto Corporation at Springfield, Mass.,
as radio production engineer.

Carl Stagg is now assistant supervisor at the RCA Communications
station at Riverhead, N. Y. He was previously a receiving engineer
for that organization.

Q. M. Shultise is at present a design engineer for the Universal
Wireless Communication Company, Inc., at their Chicago plant.

D. R. Rossiter has recently become connected with the Automatic
Electric Company in Chicago. He was previously a radio engineer
for the Bremer-Tully Manufacturing Company of the same city.

Formerly an instructor in the Radio Institute at New York,
Leon E. Pamphilon is now a sound engineer for RCA Photophone in
New York City.

E. L. Koch is now chief engineer for the Universal Wireless Com-
munication Company. Previously he was an executive engineer for the
Kellogg Switchboard and Supply Company of Chicago.

A. W. Hershey has left the Development Department of Leeds and
Northrup of Philadelphia to join the Bell Telephone Laboratories in
New York City.

J. B. Harley, formerly with F.A.D.Andrea in New York City,
has also joined the Bell Telephone Laboratories.

E. H. Hansen is now operating head and chief engineer of the
Sound Department of the Fox Film Company at Los Angeles, Cali-
fornia.

From chief code instructor, A. B. Burdick has risen to superinten-
dent of the RCA Institutes, Inc., New York City.

J. W. Ashmore has been transferred from the Belfast, Maine, to
the Riverhead, New York, receiving station of RCA Communications.

L. J. Andres has recently become chief engineer for the Carter
Sound Equipment Company of Chicago.
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H. C. Leuteritz is now the communications engineer for the Pan-
American Airways in New York City. He was formerly a radio
engineer at the New York City office of the Radio Corporation of
America.

A considerable number of members have been affected due to the
recent change in the status of the General Electric-Westinghouse-
RCA-Victor radio grouping. The following who were formerly located
in the Schenectady plant of the General Electric Company are now in
the engineering department of the RCA-Victor Corporation at Cam-
den, N. J.: Kirby B. Austin, Irving F. Byrnes, K. A. Chittick, Thomas
F. DeHaven, Charles R. Garrett, John C. Hansen, W. A. Hargrave,
L. H. Junken, Arthur V. Loughren, Clifton C. More, Robert W. Orr,
Albert A. Pulley, H. E. Roys, J. P. Smith, F. Byron Stone, and
Charles H. Vos.

D. H. Cunningham, G. L. Grundmann, W. R. Koch, and M. G.
Sateren, who were formerly with the Westinghouse Electric and
Manufacturing Company, are also in the engineering department of
RCA-Victor.

In the same organization may also be found R. A. Braden, J. N.
Hall, Abraham Ringel, and Irving Wolff, who were previously located
at the Van Cortlandt Park laboratory of the Radio Corporation of
America.

L. H. Miller is a member of the RCA Radiotron Company staff
at Harrison, N. J. He was previously with the Radio-Victor Corpora-
tion of America at Camden.

A. ¥. Murray has left the Jenkins Television Corporation of Jersey
City, N. J., to become division engineer of research and advance de-
velopment of the RCA-Victor Company at Camden, N. J.

Albert Hauser is now a condenser engineer for the Transformer
Corporation of America in Chicago. He was formerly chief engineer
for Brown and Caine, Inec., of Chicago.
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Proceedings of the Institute of Radio Engineers
Volume 18, Number 4 April, 1930

ANTENNA-MEASURING EQUIPMENT*
By
J. K. Crapp
(Engineer, General Radio Co., Cambridge, Mass.)

Summary—A self-contained equipment (with cxception of batteries), of
portable design, for measurement of apparent capacily, apparent resistance and
natural frequency of antenna-ground systems, within specified limits, is described.
A substitution method is employed, adjustment of the calibrated phantom antenna
being made to maintain constant frequency and constant amplitude of oscillation
in the driving oscillator circuit, as the oscillator is switched from the physical to the
phantom antenna. In measurement of the natural frequency of the antenna, the
antenna frequencies corresponding to vartous amounts of loading inductance
are determined. A curve is then plotied and extrapolated to the zero loading ordinate.
A very close approzimation ts obtained if the inductance of the small coupling coil is
neglected, the antenna frequency with the coil in circuit being taken as the natural
Jfrequency.

The sensitivity and accuracy of the apparatus is discussed with atiention to the
imperfections of the phantom condenser and resistance. The results of measurements
on a calibrated dummy antenna, as well as on a ship’s antenna, are given 18 graphic
form. The effect of interfering signal voltages picked up by the antenna from nearby
transmitters is constdered.

PurPOSE AND RANGE OF EQUIPMENT

HE EQUIPMENT described below was designed specifically for
the U. S. Coast Guard for measurements on antenna-ground
systems at frequencies below the fundamental frequency of the

antenna-ground system. The apparent reactance of the antenna-
ground system is therefore condensive at all frequencies of measure-
ment. Provision is made for the measurement of the apparent capacity,
apparent resistance, and the natural frequency of the antenna-ground
system within the following limitations:
(a) frequency range:
100 to 600 ke for apparent resistance and capacity
up to 2500 ke for fundamental frequency
(b) apparent resistance less than 111 ohms
(c) apparent capacity between 200 and 2000 ppf
Extreme accuracy was not held to be of prime importance in the
design of the equipment, as the data to be obtained through its use
were desired for indicating the relative trend of the apparent antenna
coefficients with frequency and to furnish approximate design data for
the design of transmitter and receiver circuits to be used with a given
antenna.
* Dewey decimal classification: R300.
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Through the use of an auxiliary calibrated antenna series condenser,
measurements may be made at frequencies higher than the natural
frequency of the antenna.

GENERAL DESCRIPTION OF EQUIPMENT

The equipment with exception of batteries is contained in a single
aluminum cabinet, 8 in. by 10 in. by 26 in. and weighing 40.5 Ibs.

Fig. 1
Photographs of the front and interior of the apparatus are reproduced
in Figs. 1 and 1a, and the wiring diagram in Fig. 2. The apparatus
contained in the cabinet may be classified under four functional
headings as follows:

Oscillator

A vacuum-tube oscillator is provided in one compartment for driv-
ing the antenna at any frequency within the range specified. The an-
tenna-ground system is connected directly across the tuned-grid circuit
of the oscillator with or without a series condenser. Feed back is ob-
tained through mutual inductance between plate and grid circuits, and
is controlled through the use of a variable resistance. The grid circuit
of the tube is employed as a rectifier for indicating the amplitude of
oscillation by the resultant change in plate current. A d-c milliam-
meter is provided for reading this change in plate current, the steady
plate current being opposed by a voltage taken from the filament bat-
tery.

With the connections indicated, it may be found that the oscillator
will pick up the antenna, acting as an inductance (at a frequency higher
than the natural frequency of the antenna), and oscillate as a Hartley
oscillator with the plate inductance and the plate-grid capacity of the
circuit as the remaining circuit elements. This stray oscillation is
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readily suppressed, without materially changing the normal circuit
conditions, by inserting a resistance in the grid lead to the tube.

Frequency Meter

A tuned-cireuit frequency meter, covering the range from 90 to
2,000 ke, is mounted in a second compartment, and inductively coupled
to the oscillator circuit, the coupling being varied through the use of a
variable resistance of low value. Resonance between the frequency
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meter and the oscillator is detected by means of the change in plate-
current meter of the oscillator.

Phantom Antenna

The phantom ‘antenna may be substituted in place of the physical
antenna-ground system, across the oscillator tuned circuit. It con-
sists of a calibrated variable air condenser in series with a calibrated
decade resistance. The maximum value of capacity is approximately
2,100 puf. The maximum value of resistance is 111 ohms. These units
are mountedin individual compartments arranged to prevent coupling
between either unit and the oscillator.

Antenna Loading

For measurement of the natural frequency of the antenna, a varia-
ble loading coil and thermogalvanometer are connected in series with
the antenna. This combination is loosely coupled to the driving oscil-
lator through a2 mutual inductance, the coupling being varied through
the use of a variable resistance of low value.
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PRINCIPLES OF MEASUREMENTS

Apparent Resistance and Capacity

The fundamental principle in the measurement of the apparent
resistance and capacity of an antenna by means of this equipment is
that of substitution. The reactance and resistance offered by the phan-
tom antenna are separately adjusted, the first to maintain constant
frequency and the second to maintain constant amplitude of oscillation
as the oscillator is switched from the physicial to the phantom antenna.
In the more usual methods, the frequency reaction of the measuring
circuit on the oscillator is neglected, and the amplitude reaction
rarely taken into account. In this arrangement, once the approximate
values of resistance and capacity for the phantom antenna have been
obtained, the final adjustment is readily obtained, based upon the
consideration that (1) small changes in reactance produce first order
changes in frequency, and (2) that small changes in resistance produce
first order changes in amplitude of the oscillations produced by the
driving tube.

It is for determining the conditions of constant frequency and
constant amplitude that the frequency meter and change-in-plate-cur-
rent milliammeter are provided. The use of the first is self-evident,
but some further details on the use of the second are in order. Since the
antenna systems, physical and phantom, are shunted in turn directly
across the tuned-grid circuit of the oscillator, both are subjected to the
same voltage as the input circuit of the vacuum tube. If the input cir-
cuit of the tube be used as a rectifier, a path being provided through a
grid-leak resistance for the d-¢ component of rectification, the mag-
nitude of the direct current in this path will serve as a measure of the
amplitude of the radio-frequency voltage impressed on the tube (and
on either antenna) for amplitudes of oscillation which are not too
great. The tube may be used as a d-c¢ amplifier and the measure of the
magnitude of the direct current through the grid leak may be obtained
by observation of the change in d-¢ plate current in the output circuit
of the tube. As this method provided sufficient sensitivity and simple
manipulation with inexpensive and rugged meters, it was adooted for
this assembly.

The frequency-response characteristic of the “voltmeter” action of
the oscillator tube, described in the last paragraph, is of no consequence
as measurements are made at constant frequency. Any variation in
plate-current change with frequency, for a fixed amplitude of input
voltage, only serves to alter slightly the ease with which the phantom
circuit may be adjusted. '
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NATURAL FREQUENCY OF ANTENNA

Through the use of the variable loading coil and thermogalvanome-
ter the antenna cireuit is tuned to frequencies which approach the na-
tural frequency of the antenna as the amount of loading is decreased.
When the loading inductance has been reduced to zero, only the coup-
ling coil remains in eireuit. Its effect on the antenna frequency is small
and is further reduced by the low resistance shunted across it. Data
are obtained for the frequency of the antenna circuit for each loading
coil step, and the frequencies are then plotted against the number of
the loading coil step. A curve is obtained which may be safely extrap-
olated to the zero loading ordinate, intersecting this ordinate at the
unloaded, or natural, frequency of the antenna. For most purposes
sufficiently accurate results are obtained if the loading effect of the
coupling coil be neglected, by simply determining the frequency of the
antenna system with this coil in eircuit, and dispensing with the ne-
cessity of plotting a curve. This approximate method is of course
much more rapid.

Accuracy AND SENSITIVITY; EXPERIMENTAL CHECK; INTERFERENCE
Accuracy of Measurements; Sensitivity

The absolute accuracy of measuring the apparent resistance and
capacity of an antenna depends upon skill in manipulation of the equip-
ment and upon the accuracy with which the constants of the phantom
antenna are known. These factors will each now be given brief consid-
eration.

The sensitivity of the equipment is such that with only moderate
skill and experience in manipulation one may obtain readings of the
capacity and resistance of the phantom antenna to better than +1.0
per cent for capacity (at 1,000 uuf) and to better than +1.0 per cent,
for resistance {at 10.0 ohms). The ultimate accuracy of capacity read-
ings depends on the accuracy of calibration of the condenser and the
accuracy with which the calibration may be read. The resistance is
made variable in 0.1-ohm steps as the finest variation, so that for low
resistances, 0.1 ohm may appear as a relatively large variation. The
resistance readings are consequently limited to the nearest 0.1 ohm.

The capacity of the phantom antenna has implicitly been assumed of
zero resistance, in the deseription of the principle of the substitution
method. Actually, however, the condenser has an appreciable re-
sistance, a resistance which varies both with frequency and with the
value of capacity employed. Based upon the work of Wilmotte! and

! Raymond M. Wilmotte, “A quick and sensitive method of measuring
condenser losses at radio frequencies,” Jour. Sci. Instruments, V, No. 12, 369-
375; December, 1928.
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upon 1,000-cycle measurements, the curves of Fig. 8 have been drawn,
with notations applying to the use of the specimen condenser in the
phantom antenna of this measuring equipment.

The dotted line at 0.1 ohm represents the minimum variation in
resistance which may be observed with the equipment. It is at once
evident that the specimen condenser may be used at all frequencies
between 100 and 600 ke without introducing an error in the decade
resistance of as much as 0.1 ohm, as long as the capacity is higher than
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1,000 upf. As the antenna systems generally employed for operation at
from 100 to 600 ke have a capacity of this order, it is seen that the error
is usually negligible.

At a setting of 200 uuf, the condenser has a resistance of 2.4 ohms
at 100 ke, 0.8 ohm at 300 ke, and 0.4 ohm at 600 ke. These figures
represent the amount by which the decade resistance reading would be
low for the conditions given; consequently a correction should be made
when the condenser resistance exceeds one- or two-tenths of an ohm.
For relative comparisons of antenna characteristics, as measured by the
same equipment, the correction is of much less importance, and may
usually be neglected.
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The phantom antenna resistance has been implicitly assumed to
have no reactance. Though every commercial precaution has been
taken to reduce the reactance as far as possible, some reactance re-
mains: a slight inductive reactance for the leads and a slight capacity
reactance for the resistance units themselves. As the resistance of a
ship’s antenna is of the order of a very few ohims, the reactance of the
resistance units is not of serious consequence, as they are used in series
with a condensive reactance of the order of a few hundred ohms. If
the resistance units are shunted by a loss-less self-capacity, the power
loss remains the same for the same applied voltage. The reduction in
impedance caused by the shunting capacity is negligible because of the
relatively low value of the resistance.

The effect of any reactance in the resistance units of the phantom
antenna on the apparent reactance as determined from the setting of the
phantom circuit condenser must be considered. The large shunting
reactance of the capacity of the resistance units may be replaced by 2
very small equivalent series reactance. In this form the phantom eir-
cuit is then composed of the reactance and resistance of the phantom
condenser in series with the equivalent reactance and the resistance of
the phantom resistors. The equivalent series reactance of the resistors
must be small enough so that when it is placed in series with the phan-
tom condenser reactance no change in the latter is observable. Consi-
der the worst case; a large value of resistance, shunted with a relatively
low reactance and operated at the highest frequency in the normal range
of the equipment, 600 ke. If the shunting reactance is 10 times the
resistance which in turn is 100 ohms, the equivalent series reactance is
very closely one-tenth of the resistance value or 10 ohms. This is the
reactance of an equivalent series condenser of 0.025 uf at the given
frequency. This condenser is in-series with the phantom capacity whose
maximum value is 0.002 uf, but whose average value would be more
nearly of the order of 0.001 uf. Using the larger figure, the maximum
possible error in the antenna capacity as read from the phantom con-
denser would be 10 per cent. The error decreases as the frequency de-
creases, as the value of phantom resistance is decreased (as the capacity
of the lower resistance units is materially less than that of the higher
units), and as the value of phantom capacity is decreased.

Experimental Check

As a final laboratory check on the general performance of the equip-
ment a dummy antenna was made up of inductance, capacity, and re-
sistance in series, the constants being measured at 1,000 cycles per
second. From these data, the apparent capacity of the dummy was
calculated for frequencies in the range covered by the equipment. The
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dummy was then measured by means of the equipment and the ex-
perimental results compared with the caleculated. A maximum dis-
crepancy of one per cent was found.

Interference

The basis of the method presupposes that the antenna system is
passive; that is, the only electromotive force in the system is that due
to the driving oscillator. In case the antenna is being measured in the
vicinity of a transmitter, and at frequencies near the transmitter fre-
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quency, the voltage induced in the antenna by the transmitter may be
of the order of magnitude of the driving voltage. In such cases it is
obviously not possible to obtain measurements of the passive antenna
system, since the signal voltage appears in the system at a point be-
yond the accessible terminals. An advantage of the equipment lies in
the fact that the change in plate-current meter responds to the inter-
fering signal when it is large enough to cause difficulty and the presence
of such a signal is at once made known. The measurement at the par-
ticular frequency may be deferred to a break in the transmission, as
only a very few moments are required for the determination. If no
break is likely, frequencies on either side of the particular frequency of
the transmitter may be used, where the transmitter signal is net too
great, which generally will serve to cover adequately the required
frequency range for the measurements.
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EXPERIMENTAL RESULTS

The results of mieasurements on a ship antenna are given in Figs.
4 and 5. Fig. 4 gives the apparent capacity and apparent resistance of
the antenna as measured with the equipment. On the capacity curve
discrepancies of one per cent or less from the smooth curve through the
points were assigned to experimental error and disregarded in drawing
the curve.
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Fig. 5 indicates the results of the variable loading and plotting
method of determining the natural frequency of the antenna. The
frequency determined with the coupling coil in circuit is indicated
under “approximate method.”

In conclusion the author wishes to express his appreciation of the
cooperation of Arthur E. Thiessen in the laboratory work and of War-
ren F. Jepson of the U. 8. Coast Guard in arranging for field tests.
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TRANSMISSION CHARACTERISTICS OF A SHORT-WAVE
TELEPHONE CIRCUIT*

By
R. K. PorTERr

(American Telephone and Telegraph Co., Netcong, N. J.)

Summary—A method of observing and recording the audio-frequency trans-
misston characteristics of a short-wave radiotelephone channel is described. These
characteristics undergo rapid changes. They appear to be the resull of wave inter-
ference between signals arriving at the receiver over paths of different group or
electrical length possibly combined with the distortion produced by a progressive
change in the angle of rotaiton of the polarization plane with frequency over the
signal band. The persistence of certain pattern shapes during the observation
periods and the changes in these shapes from hour-to-hour suggest that they are the
result of progressive rather than erratic disturbances in the transmission medium.
Times when the audio-frequency characteristics were flat were very rare. However,
a considerable departure from flatness may occur without serious effect on the
intelligibility of the speech transmission.

Synthetic patterns used in the analysis of the characteristics are explasned and
tllustrated. Types of audio-frequency distoriion resulfing from selective faling are
discussed. The effect of frequency or phase modulation in producing distortion on
such a circuit is considered.

Records are shown of the effect of an automatic gain control, following carrier
amplitude variations, wupon the audio-frequency transmission characteristic.
“Rapid” fading records revealing unlike fading on radio frequencies separated by
170 cycles are included. The seasonal variation in susceptibility of the eircuit to
this “rapid” fading is illustrated.

The records mentioned above are for ordinary modulated carrier transmission
and involve the results of interaction between the two side bands in the detection
process. There are also shown recerds made on single side-band carrier-suppressed
transmisston. In this case detection does not modify the frequency-amplitude rela-
tions and the record delineales directly the frequency-amplitude characteristics. of
the recetved radio-frequency band.

HE USE of radio channels as links in eonnecting together wire

telephone networks makes necessary the determination of the

transmission characteristies of such links as telephone circuits.
The considerable measurement technique which has been developed
for wire circuits, such as the making of consecutive single-frequency
measurements over the voice-frequency band is inadequate to disclose
the true nature of the distortion which may exist in a radiotelephone
circuit, especially when the link is of the short-wave type, because of
the large changes in the transmission characteristics which may take
place in a period as short as a fraction of a second. To disclose the

* Dewey decimal classification: R113. Presented before New York meeting
of the Institute, March 5, 1930; before Philadelphia Section, March 12, 1930;
before Washington Section, March 13, 1930; before Pittsburgh Section, March
14, 1930. -
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Potters Transmission Characteristics of a Short-Wave Circuit 583

transmission characteristics under these conditions, it is necessary to
resort to a method which permits taking an entire characteristic
quickly as a snapshot record and which enables making a rapid
succession of such records as in moving-picture photography.

Except for the greater speed with which the data are secured by
automatic recording, the essential difference between this process
and the ordinary procedure used in measuring wire lines is that: the
measuring frequencies are sent simultaneously and continuously
rather than individually and consecutively. The circuit is thus sub-
jected to a steady state condition and complications due to transients
are avoided.

In the analysis, classification and interpretation of the characteris-
tic records which largely make up the subject matter of this paper,
attention is necessarily concentrated upon abnormalities and defects
in transmission, and the average performance of the channel as a
service facility is not stressed. It should be appreciated that for the
greater part of the time these defects are not of sufficient magnitude
to hamper commercial service materially.

These transmission measurements were made over the shart-wave
circuit between Deal, New Jersey, and New Southgate, England.
Test signals were sent from New York to Deal over wire circuits, and
thence by the radio link to New Southgate where they were abserved
and recorded. In Fig. 1 is shown a diagram of the circuit arrangement.
Most of these observations were made on frequencies of approximately
13 and 18 megacycles, and during those hours of the day which are of
particular use for transatlantic telephone traffic, namely, 0900 E.S.T. to
1700 E.S8.T. Occasional observations were made during the entire 24
hours when the frequencies used included approximately 6, 9, 13, 18,
and 21 megacyeles.

TesT METHOD

The recognized method of measuring the transmission character-
istic of a wire circuit is to send a known amount of single-frequency
tone into the circuit and to measure the circuit output as the frequency
is varied. A “frequency-amplitude” curve may then be constructed.
In order to follow the changes which are apt to occur in a short-wave
radio eircuit, it is requisite that such measurements be performed very
rapidly, and that they be repeated in continuous succession. One way
in which this might be accomplished would be to send the differént
frequencies of the voice band in sufficiently rapid succession, and meas-
ure them at the same rate at the receiver. This method possesses a
certain advantage insofar as equipment is concerned, but it introduces
an undesirable complication due to the transient character of the test
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signals. In case the signal travels over paths of different length be-
tween transmitter and receiver, there is an overlapping of successive
frequencies. Such overlapping has actually been utilized to determine
the difference in length of overhead and direct radio transmission
paths.! The extent to which this overlapping would confuse the
measurements was not known at the time the tests were planned as
there were little data available concerning the path differences which
are apt to exist on such a short-wave circuit. It was decided, therefore,
to eliminate such effects as completely as possible from the measure-
ment method.

The method finally adopted consisted in the simultaneous trans-
mission of a series of tones distributed at regularly spaced intervals
over the voice band. At the receiving point these tones were separated
by means of as many filters so that they were continually at hand for
recording or observation. There was available for this purpose equip-
ment which has been standardized for use on voice-frequency tele-
graph circuits. At the sending station for the test signals in New York
there was installed a generator with an output of 12 frequencies from
425 to 2295 cycles at intervals of 170 cycles. A series of “sending”
filters were inserted in the 12 output circuits of the generator to
suppress harmonics, and means for adjusting and measuring the
outputs of the 12 tones were included. Apparatus was also installed
at the New York test station for making observations upon the signal
leaving the transmitter. For this purpose the output of a monitoring
receiver near the transmitter at Deal was sent back to New York over
a separate wire circuit. The amplitudes of the tones were then adjusted
to give equal output from the transmitter. Any inequality which ap-
peared during the observations at the New Southgate receiving station
in England would, therefore, be due to effects of the radio transmission
path.

The apparatus used in New York for monitoring the output of the
transmitter at Deal was the same as that employed at New Southgate
for making observations on the received signal. The “multitone,” as
the 12-tone test signal has for convenience been designated, was
separated into its single-frequency constituents at the output of the
receiver by means of 12 “receiving” filters. A commutating device then
impressed the outputs of the different filters in rapid succession upon
the vertical deflection plates of a cathode-ray tube. At the same time a
second commutator connected mechanically to the first, impressed
progressively different biasing potentials upon the horizontal deflection
plates for each of the tones selected by the tone commutator. Asa

' R. A. Heising, Proc. I.R.E., 16, 75, January, 1928.
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586 Potter: Transmission Characteristics of a Short-Wave Circuit

result there appeared across the screen of the cathode-ray tube a series
of 12 vertieal lines, regularly spaced at intervals of something less than
a quarter of an inch. These 12 vertical lines constituted a frequency-
amplitude pattern representing the audio-frequency transmission
characteristie of the radio eireuit. The rate of commutation was about
1214 sweeps of the 12 tones a second, so that the pattern was suffi-
ciently free from flicker, and yet fast enough to portray any variations
which the eye was capable of following. In these 12 tones, which were
entirely independent at the sending and receiving ends, there were
available, incidentally, 12 separate telegraph cireuits. The independ-
ence of these channels was clearly demonstrated by the appearance
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Fig. 3(a)—Characteristics of multitone “sending” filters.
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Fig. 3(b)—Characteristics of multitone “receiving” filters.

and disappearance of a particular tone on the cathode-ray tube
pattern corresponding to the opening and closing of that particular
tone ecircuit at the sending end. The remaining tones were undis-
turbed.

In Fig. 2 is shown a schematic of the entire test arrangement. In
Fig. 3(a) are shown transmission characteristics of the voice-frequency
telegraph “sending” filters used to suppress the harmonics of the 12
tones. Fig. 3(b) shows the transmission characteristies of the “receiv-
ing” filters. The frequency spacing of the 12 tones constituting the
multitone test signal is such that the second harmonies are suppressed
by the receiving filters. Such an arrangement is highly desirable since
under certain conditions, which will be discussed later, a large amount
of second harmonic may occasionally be produced at thereceiver.



Fig, 4—View of multitone sending equipment at Walker Street, New York City.
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In Fig. 4 is shown a view of the multitone sending equipment at 24
Walker Street, New York, N. Y. '

The upper picture in Fig. 5 shows a view of the receiving site at
New Southgate. The building in the foreground contains the short-
waverecelver. The poles support two parabolas for 13and 18 megacycles.
During the last part of the period represented by the data described
in this paper these two parabolas were replaced by the extended direc-

(a)

Fig. 5-—Receiving site at New Southgate, England.
(a) Four-element parabolas used during first part of multitone tests.
(b) and (c) Views of array structures used on 13 and 18 megacycles during
last part of multitone tests.

tional arrays shown in the lower photographs. The multitone records
and observations were made in the building which appears in the
background of the upper photograph in Iig. 5. Herein were the bays
upon which were mounted the 12 multitone “receiving” filters, atten-
uators for equalizing the outputs of the filters, and amplifiers. A bench
along one side of the room was equipped with a single-element oscillo-
graph adapted to the making of long, slow records, and a three-element
oscillograph used for making fast, commutated records of the multi-
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tone. One corner was partitioned off as a “dark” room in which were
installed the multitone commutator and cathode-ray tubes.

A view of the multitone commutator is shown in Fig. 6. At the
extreme left is the a-c motor which drives the commutator brushes.
In the faces of two vertical rectangles of hard rubber beside the motor
are embedded the segments of the “tone” and “bias” commutators.
The brushes are adjusted to sweep over these two commutators in
synchronism. At the right is a rotary switch which made it possible
to use the same multitone equipment to observe the outputs of two
different short-wave receivers on the same cathode-ray tube. To the

Fig. 6—View of switching device including multitone and bias commutators,

ﬁ)ﬁgy switch for comparing multitone from two sources, and film exposure
right of this is a “timing” switch to close the anode circuit of the
cathode-ray tube for a predetermined period when making records
by pressing a film against the face of the tube.

Most of the multitone data which will be described were taken on a
normal double side-band and carrier circuit. Toward the end of these
tests, records and observations were made of single side-band trans-
mission. The carrier was supplied by a specially designed adjustable
oscillator at the receiver. In order to maintain a correct relation to the
side band for the single side-band multitone tests, one of the multitones
was sent back from the output of the filters to the control operator who
maintained a “zero beat” relation to the output of an audio-frequency
oscillator adjusted to that particular multitone frequency.
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MuvrriToNE RECORDS

Three methods of recording were used during the course of the tests.
The first consisted of simply sketching the patterns which appeared on
the CRO tube screen. When the variations in pattern shape were
~ slow, this method was accurate enough to give a satisfactory record.
Even during times when the changes in shape of the multitone pat-
terns were more rapid, it was found that an experienced observer could
make enough sketches of this kind to show with sufficient exactness the
character of the distortion at particular hours of the day.
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Fig. 7—Cathode-ray oscillograph contact pictures of multitones.

Another recording method consisted in making so-called “contact
pictures” of the patterns. With the anode circuit of the CRO tube
open a sensitive film was pressed against the screen. A trigger was
then pressed which released the contactor on the spiral timing switch
shown at the right end of the commutator in Fig. 6. The switch
exposed the film by closing the anode circuit during one or more com-
plete revolutions of the commutator shaft. A single sweep, exposing
each tone about 1/150th of a second was found sufficient to givea
useful record. When the patterns were changing slowly, the film was
exposed two or more complete cycles to improve the contrast. Con-
tact pictures gave much more accurate quantitative information than
the sketches, particularly at times when the patterns were changing



Potter: Transmission Characteristics of a Short-Wave Circuit 591

shape rapidly. They possessed the same disadvantage as the sketches,
however, in that it was not possible to take contact pictures in rapid
and regular succession so that the time sequence of changes could be
recorded.

In Fig. 7 are shown two examples of “contact” pictures taken on the
cathode-ray tube. Tones No. 11 and 12 were not transmitted at the
time these prints were taken so that there is no deflection of the corre-
sponding spots.

In order to obtain the sequence of changes in the multitone trans-
mission characteristics, the commutated tones were recorded by means
of a moving element oscillograph. Over 12 complete transmission
characteristics could thus be recorded on sensitized paper each second.
An enlarged record of one of these multitone patterns taken on os-
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Fig. 8—Tast oscillograph record of a representative commutated multitone
characteristic.
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cillograph film is shown in Fig. 8. The detail in this record is sufficient
to show the effect of commutation upon the patterns to be negligible.
If the multitone band were extended below 425 cycles, it would ob-
viously be necessary to decrease the commutation rate or apportion
the commutation intervals so that the same number of cycles would be
recorded for each frequency. Normally the multitone records were
taken on sensitized paper strip moving at such a rate that each com-
plete characteristic occupied about three-quarters of an inch. Tone
No. 12 (2295 ¢yeles) was not generally recorded in these multitone
“movies,” as they have been called, in order to show more clearly the
interval occupied by successive characteristics. In all cases the low
frequency (425 cycles) is at the left end of each characteristic.

PRELIMINARY AURAL OBSERVATIONS

After listening to speech over a short-wave circuit such as that
between Deal, New Jersey, and New Southgate, England, for a while,
we may become aware of at least four effects. The first is that of
marked changes in the general amplitude of the received signal. Dur-
ing certain times of the day and year these general variations in signal
amplitude may occur very slowly—perhaps at the rate of two or
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three fades a minute. More commonly, the fading rate is in the order
of 10 to 20 fades a minute. On occasions there appears what has come
to be described in the log sheets of the Deal-New Southgate circuit
as “rapid fading.” At such times the fading rate may be as high as
several hundred a minute. Fortunately this condition is rather rare.

A second effect which will be noticed after a little experience with
the short-wave circuit is that the voice is often distorted at the bottoms
of the deep fades. When the signal decreases to a low level, it often
happens that the speech becomes high-pitched as if considerable har-
monic were present.

A third effect is the occasional very noticeable presence of a differ-
ent kind of distortion on high and medium amplitudes of the signal.
When this distortion is present it may result in the voice becoming
low-pitched and guttural at one moment and high-piteched a moment
later. This type of distortion is due to a partial suppression of certain
fundamental frequencies in the voice, and not to the introduction of
harmonic. As will be shown later, the second and third effects are, as
these aural observations might indicate to a critical observer, actually
different though the cause is fundamentally the same.

The fourth effect which might be detected by aural observation is
that there apparently exists some relation between the average
changes in amplitude of the signal and the changes in the character of
the distortion represented as the third effect. To some extent, at
least, this observation in itself would lead us to believe that the causes
of general fading producing changes in volume of the signal from the
receiver, and the selective fading represented by the partial suppression
of certain speech frequencies, may be in some way related.

PrELIMINARY MULTITONE OBSERVATIONS

The frequency-amplitude characteristics represented by the
multitone patterns substantiate all except the second of the aural
observations mentioned above, i.e., the presence of harmonic distortion
at the bottom of the fades. The harmonics present at such times are,
as will be shown later, largely even multiples of the fundamental
which the multitone filters are purposely arranged to suppress.

Fig. 9 shows in outline some multitone pattern shapes of the type
which are characteristic of the Deal-New Southgate short-wave circuit.
The patterns under (a) indicating a general rise and fall in the signal
amplitude without relative changes in the amplitude over the width
of the multitone band are rare and are accompanied by a very slow fad-
ing rate. The patterns under (b) are more common. These have been
designated as “tilting” characteristics, and when they are in evidence
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there ofttimes appear minima which move across the band in one
direction or the other. These moving minima are not, as close observa-
tion will show, equally deep at all points in their transit.

The patterns shown under (d) of Fig. 9 are of a type which is most
commonly observed. During the fading changes a minimum near the
lower end of the multitone band becomes a maximum, while the maxi-
mum at the upper end of the band becomes, at the same time, a mini-
mum. Incidentally these standing changes, as will be shown later,
give us a clue as to the composition of these patterns. Another type of
pattern which is fairly common is shown under (f). Here the minima
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Tig. 9—Some representative multitone characteristics.

(a) “Tilting” characteristics generally accompanying very slow fading.

(b) “Tilting” characteristics with indication of shallow minima.

(c) “Moving” minima which often accompany (b).

(d) Single minimum in band alternating with maximum. (Most common
sequence observed on 18-megacyecle circuit.)

(e) Two minima alternating with single minimum.

(f) Two minima alternating with two low maxima.

(g) Three minima alternating with three maxima. (Rarely observed and
generally only on low amplitude during fades.)

(h) Irregular pattern shapes occasionally observed.

also undergo standing changes to maxima, and vice versa. The pres-
ence of more than two deep minima in the multitone band is excep-
tional on the shorter wavelengths, but fairly common on the longer
waves. On some occasions patterns, such as are shown under (g),
were observed. These and the patterns under () are more usually con-
fined to the longer wavelengths.

The rate of carrier fading generally increases in some relation to
the number ¢f minima which appear within the limits of the test band.
It should also be mentioned that due to the standing changes de-
scribed above, the amount of fading on different single tones (on a
double side-band signal) may, at times, be quite unequal.
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TuE ACCURACY OF MULTITONE OBSERVATIONS

There are two conditions under which the method of observing
the transient changes in frequency-amplitude relation by means of the
multitone patterns so far described may become unreliable. For-
tunately, these conditions seldom exist. In the first place, if the
fading rate is comparable to the rate of the commutation utilized in
the production of these patterns, they will become distorted. The com-
mutator distributes the tones across the screen of the cathode-ray
tube at a rate such that over 12 complete patterns are constructed
each second. Thus, if the change in conditions within 1/12th of a
second is small the distortion will be correspondingly negligible.
Simultaneous fast records of multitone and continuous single tone on a
moving-element oscillograph show that except on infrequent occasions,
when rapid fading is present, the patterns are reliable within the
limits which are imposed by irregularities such as accompany static
or circuit noise. As far as the direct observations on the cathode-ray
tube are concerned, the distortion is in any case more or less negated
by the inability of the eye to follow the changes at times when they
become sufficiently rapid to produce distortion. On a multitone record
of the type shown in Fig. 13 and elsewhere, the distortion is evidently
negligible in direct proportion to the number of times that a certain
shape of pattern is repeated. If the shapes of adjacent patterns are

entirely different, it may be assumed that the pictures are distorted.
' Another condition under which the multitone patterns become un-
reliable may result from an assumption that the separation of the
minima is comparable to the 170-cycle separation of the single tones
constituting the multitone. If this were the case, there would be no
relation between the patterns on the cathode-ray tube and the sound
of the multitone. Actually, it is very easy to recognize by simultaneous
aural observation the suppression of certain frequencies, as indicated
by the shape of the multitone patterns. Only during those infrequent
periods, when very rapid fading is present, has there been any indica-
tion of minima separation comparable to the separation of the single
tones in the multitone signal.

It is very unlikely that the patterns are complicated by signals
received from the rear around the world, since during most of the
tests, directive antennas were used for transmission and reception.

ANALYSIS OF MULTITONE PATTERNS

An interpretation of the multitone patterns requires a preliminary
consideration of the possible immediate causes of the distortion. Such
a consideration must start with the assumption that the signals at the
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point of reception may be subject to distortion both in space, and along
the time axis. The wavefront might be skewed in space so that the
amplitudes and phases of the signal components are selectively dis-
torted when received on a vertical antenna. Distortion along the
time axis would result if portions of the resultant signal at the
receiver travel over two or more paths of different electrical length.
We shall consider some of the possible conditions of the received signal
which might account for selective fading as observed.

Errect or CHANGE IN POLARIZATION WITH FREQUENCY

Rotation of the plane of polarization by that component of the
earth’s magnetic field which is parallel to the direction of wave travel
as been discussed by others.? Such rotation is due to the difference
In velocity of propagation of the right- and left-hand circularly polar-
1zed components. The angle of this rotation varies with frequency.
P. O. Pedersen® has given an approximate expression for the distance
within which the plane of polarization of a short radio wave will be
rotated through an angle of 2r. The approximate expression is as
follows:

1 me w? 10~ (k) )
e o A= m

? Ne* h

where, e =electron charge=4.77-10"1% ¢ s.1u.

m =8.97-10728 grams

¢ =velocity of light in ¢m 'per seec.

N =number of electrons per ce

w =27 times frequency (f)

h =e/mc times magnetic field in gauss.

For a distance D of transmission through the electron dgtmosphere
the rotation angle ¢ will therefore be
2rD  DNeh 105

= — adians
¢ Ly, 2mwmcef? & )

and the rate of change of rotation with frequency is,

d¢ DNe?h 108
S oS (2)
df wmef?

Knowing the rate of change of the rotation with frequency we can

2 P. O. Pedersen, “The propagation of radio waves,” Chap. VII, p. 95.
H. W. Nichols and J. C. Schelleng, “Propagation of electric waves over the earth,”
Bell. Sys. Tech. Jour., 1V, 215, 1925,

3 Page 110.
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determine the separation of the minima occurring at those frequencies
which would be polarized at right angles to a vertical antenna.

Assuming a transmission range through the ionized atmosphere
of 2,000 km, N =5-105 and H =0.2 gauss, the minima separation for a
frequency of 7-10° is about 1,000 cycles. For a frequency of 107 it
becomes 3,300 cycles, and for a frequency of 1.5-107 the minima sepa-
ration is 11,000 cycles.

According to these very approximate calculations, a selective
rotation of the polarization plane over the signal band may contribute
considerably to signal distortion when the transmission is parallel
to the earth’s magnetic field. It seems somewhat unlikely that this
effect can produce material distortion on the short-wave channel
between Deal and New Southgate, however. Here the component
of the earth’s field along the line of transmission is relatively small and
undergoes a reversal in direction toward the midpoint. The direction
of rotation would accordingly undergo a change.

Whether due to this effect or not the general experience has been
that on the Deal-New Southgate circuit the distortion increases in-
versely with frequency in accordance with what we should expect from
(2). Our knowledge of the several factors which in short-wave trans-
mission econtribute to the rotation of the polarization plane is as yet too
limited to permit of any very conclusive statement concerning the im-
portance of this effect. At the lower radio frequencies it may account
for a part of the distortion revealed by the multitone tests.

By means of two separate multitone reception equipments arranged
to receive the horizontal and vertical components of a single side-band
signal, it would be possible to so combine the commutated outputs that
the state of polarization of each of the high-frequency waves separated
by 170 eyecles would be shown side by side on the cathode-ray tube.
These patterns might show that the polarization at a given instant is
very different for the different frequencies, and that the figures are
continually changing. Of the existence of this condition there is already
available some experimental evidence. From the multitone tests and
other similar data on selective fading we know that frequencies, sepa-
rated by only a few hundred cyeles in the high-frequency radio spec-
trum, fade in an apparently unrelated manner when received on a ver-
tical antenna. It has also been noted that instantaneous fading con-
ditions of the horizontal and vertical components of a single carrier
wave are different.¢ Therefore, we might reasonably expect that multi-
tone patterns representing horizontal and vertical components of the
received signal wave would be unlike when viewed simultaneously.

4 Unpublished data of H. T, Friis, Bell Telephone Laboratories. Discussion
by T. L. Eckersley, Jour. I. E. E., 66, 881.
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‘This condition would necessitate a change in the state of polarization
with frequency.

Incidentally a selective rotation of the polarization plane with
frequency over the signal band would, when combined with the effect
of a reflection from the earth's surface, result in a further distortion
of the signal due to the fact that those components which are parallel
to the incident plane will be less completely reflected than those which
are perpendicular to this plane.

A change in the state of polarization with frequency may be ac-
counted for by other effects than a selective rotation of the polar-
ization plane. Assume, for example, that identical signals travel over
two paths of different length to the receiver, and that each of these
devious paths rotates the general plane of polarization differently
(that is, the change in rotation with frequency over the signal band is
negligible). As a result there will be present at the receiver twa signal
components which differ in time and space phase. To simplify matters
let it be assumed further that the signals over the two paths are of the
same amplitude and that their planes of polarization when they reach
the receiver are at 90 deg. Due to the difference in length of the two
paths, the relative time phase of similar frequencies in the two signals
will vary progressively. Therefore, the state of polarization will be
found to change from plane to circular, and back to plane polarization
as we explore the frequency band.

Although there is some uncertainty as to the magnitude of the
effect produced by the selective rotation of the polarization plane
over the signal band, it may reasonably be expected that the polar-
1zation will change materially over the width of the signal band due to
the combination at different space angles of waves arriving over differ-
ent paths. Asfar as our analysis of such signals received on a vertical
antenna is concerned we may neglect this difference in palariza-
tion for the different paths, bearing in mind, of course, that the rel-
ative magnltude of signals over separate paths may vary quite
suddenly (and perhaps in some manner related to the fading) as the
plane of polarization changes from the vertical to the horizontal.

ErrEcT oF DisToRTION ALONG THE TIME AXIS

A source of selective distortion in a normal radio signal group
(1.e., consisting of a carrier and two side bands), which may seem on
first consideration to offer a plausible explanation of the observed
effects, is side-band asymmetry. Such asymmetry occurs when the
group velocity of the upper side band and carrier is different from that
of the lower side band and carrier. (This effect is generally omitted
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as negligible in the derivation of equations expressing the velocity of a
wave group). If side-band asymmetry is the cause of distortion in
the normal signal such distortion should disappear when we transmit
only a single side band, and supply the carrier at the receiver. Actually
the distortion does not disappear when a single side band is trans-
mitted and a comparison of the multitone patterns for single and
double side-band signals suggests that the effect of side-band asym-
metry, if not negligible, is at least a secondary source of distortion.

The character of the distortion predicted on the assumption that
the signal travels over more than one path between transmitter and
receiver, and that these paths are of different group lengths, cor-
responds reasonably well with that which actually occurs for both the
normal double side-band transmission and for the transmission of a
single side band. The combination of a certain high-frequency wave
arriving over one path with waves of the same frequency following
other paths of different electrical length produces an interference
pattern at the earth’s surface. As has been previously stated, we may
reasonably expect that the planes of polarization may be different
for these waves arriving over different paths. As a result an explo-
ration of the ether in the vicinity of the receiver would probably show
that the polarization changes progressively as we go from one part of
this single-frequency interference pattern to another. This pattern
would probably be continually shifting about due to the unsettled
nature of the transmitting medium. Furthermore, it would shift with
changes in frequency of the transmitted waves.* Therefore, at a partic-
ular point in a composite pattern produced by the transmission of a
band of frequencies, we should probably find a progressive change in
the state of polarization as we examine the different high-frequency
components in the signal band. At those frequencies which are horizon-
tally polarized, there would appear deep minima if single side-band
multitone signals were received on a vertical antenna.

There is in the data here described no very definite evidence con-
cerning the course of these different paths orthe cause. Perhaps the
most useful evidence that the multitone tests afford in this direction
is that they show the complexity of the patterns to increase inversely
with frequency, suggesting that the number of components or the
number of paths perhaps increases. Making certain simple assumptions
concerning the variation in ionization with height above the earth it
is possible to account for two paths through two levels in the refracting
medium where the rate of change of ionization with height may be
effectively the same. These two points occur in regions of opposite

4+ G. Breit, Proc. LR.E,, 15, 709, August, 1927.
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curvature in the “ionization-height” curve. The intensity of the ray
through the upper convex portion of the above-mentioned curve would
in general be much below that of the ray through the concave portion
due to the focusing effect in the latter case. These two rays do not seem
sufficient in themselves to account for the observed multitone pattern
shapes.

Another possible cause of devious paths might be more than the
two refracting levels mentioned above. It is possible that the change
in ionization with altitude is not as simple as we are at present inclined
to presume. More than two levels at which the rate of change with
ionization with altitude is effectively the same would account for a
greater number of paths. This is equivalent to the theory that more
than one layer exists. How an apparent increase in the number of
paths with a decrease in frequency could be made to agree with this
theory is not obvious, since the lower radio frequencies would not so
readily penetrate the lower levels to be refracted from those higher up.

On the assumption that multiple earth reflections occur it is
less difficult to account for the increase in number of paths with de-
creasing frequency. The lower radio frequencies would return to earth
at the shorter ranges necessary for multiple reflections. The reflection
points on the Deal-New Southgate circuit would occur at the ocean
surface. Considering both the relative regularity of the ocean surface
and its conduectivity, the reflection losses would be much lower than
those for soil.

There seems to be little to justify the idea that the different paths
follow widely devious routes in the horizontal plane. Selective fading
patterns of multitone received on simple vertical elements appear to
be the same as those received on an array which is directive within
some 10 deg. in the horizontal plane.

In the analysis of the effect of wave interference due to signals
traveling over more than one path, it will be assumed that the receiving
antenna is responsive only to the vertical components of the electric
field. Therefore, we may initially neglect other than the vertical com-
ponents of polarization, but, of course, (as was previously suggested)
the relative amplitudes of these vertical components may change
rapidly as the planes of polarization shift. Actually, it has beeu found
upon analysis of single side-band multitone data that the rate of change
in the amplitude relation between the different signal components
arriving over different paths is at times apparently comparable to the
rate at which the pattern moves across the band. This suggests that
the changes in relative length of path which presumably cause fading
are accompanied by a relative rotation of the polarization plane.
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If the condition of the received signal is complicated as suggested
by variations in time and space phase of the components, a direct
analysis of the multitone characteristics such as are shown in Fig. 9
is obviously difficult. The method of analysis which has been adopted
is that of constructing synthetic patterns, and comparing these with
actual records. The information obtained from the study of synthetic
patterns also assisted in the collection of data during observations,
for it directed attention to certain recurring shapes and sequences of
pattern changes. Assuming that the distortion is due to signals
traveling over paths of different electrical length from the transmitter
to the receiver, it is then necessary to make assumptions concerning
the number of such paths, their relative length, and the relative am-
plitude of components arriving over each. If there are only two signal
paths between transmitter and receiver, the spacing of the minima in
the frequency spectrum would be quite regular, and they would move
across the high-frequency signal band in one way or the other,
depending upon the relative changes in electrical length of the two
paths. When more than two paths exist the movement of minima is
complicated by the fact that the different combinations of two-path
interference patterns do not necessarily move in the same direction or
at the same rate at a given instant.

Under (a) and (b) of Fig. 10 are shown a series of double side-
band patterns constructed synthetically upon the assumption that
the signal travels over fwo paths. When the signal components are
equal in amplitude, as assumed for (a) of Fig. 10, the minima do not
change position during a fade. When the two components are not
equal, as under (b), there is a shallow minimum which during a fade
will be replaced by a low maximum. There is little correspondence
between these synthetic “two-path” patterns and the representative
observed patterns of Fig. 9. Patterns of this “two-path” type have
oceasionally been observed, however, and multitone records, illustrat-
ing selective fading of this character, will be shown later. From a
careful comparison of synthetic two-path multitone characteristics
with those observed throughout the year we are led to the conclusion
that the selective fading on the Deal-New Southgate short-wave
circuit must, except during a small percentage of the time, be the re-
sult of signals traveling over more than two paths between transmitter
and receiver.

Synthetic patterns based upon the assumption that three paths
exist between transmitter and receiver may be made to correspond
rather well with the majority of the observed multitone pictures.
The agreement between these synthetic three-path patterns and
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most of those observed is materially improved by making a further
reasonable assumption that the amplitudes of the components re-
ceived over the different paths are subject to change. Such changes
may, as has previously been suggested, be due to shifts in the planes
of polarization of the interfering components. They may alsa be due
to changes in attenuation along the different paths, to wave inter-
ference between components arriving over slightly different paths
(taken as a single path in our assumptions), or to changes in the direc-
tion of arrival of the components when the horizontal or vertical
directivity of the antenna system is sufficiently sharp.
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Fig. 10—Synthetic multitone characteristics for double and single sidle-band
signals assuming only two paths.

(a) Double side-band signal, D =100 km; & =1
(b) Double side-band signal, D =100 km; k =2
(¢) Single side-band signal, D =100 km; k=1
(d) Single side-band signal, D =100 km; k=2

In order to approximate the shape of some of the patterns which are
observed, it is necessary to assume that more than three paths exist.
Such patterns as these appear continuously only upon rare occasions.
As a rule they occur for brief intervals asif the additional paths
were short-lived, or ordinarily negligible in their effect upon the
selective fading. The distortion produced as a result of the signal
traveling over more than one path from transmitter to receiver will
be discussed in the following section.
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Hica-FrREQUENCY SiGNAL DisTorTION DUE To MORE
TaaN ONE TRANSMISSION PATH

Before going into the case of distortion produced in the detected
audio-frequency signal the equations will be set down for the frequency-
amplitude relation of the high-frequency signal components. Inciden-
tally these equations represent also the distortion produced when only
one side band of the signal is transmitted and the carrier is supplied
at the receiving point. The case of distortion produced in the high-
frequency band is less complicated than the double side-band, audio-
frequency case in which the relative phases and amplitudes of the
carrier and side-band components must be considered.

For the case in which the interfering components maintain a
constant amplitude relation the distortion in the high-frequency band
may be represented by (3) below, wherein the phase of one wave is
taken as a reference value, and D, and D, denote the difference in
group length of path as referred to the length of the reference path.

E.=E,sin wi+E; sin (wt—Dyw/c)+E; sin (wt—Daw/c).  (3)
Rewriting (3) and grouping sine and cosine factors we have,
E,=(Ey+E, cos Dyw/c+E; cos Dyw/c) sin wi

— (E, sin Dyw/c+ E; sin Dyw/c) cos wt

The values in the parentheses of (4) are the amplitude factors which
for a given condition of the ether path vary with frequency. The
equation (4) may be written as,

(4)

E,=A, sin wit— B, cos wt

and the resultant amplitude for any particular frequency in the
signal band (i.e., w/27) becomes,

E,=vAj+B.? (5)
where,

A,=14k; cos a;+ky cos ag
} (6)

Bw"—'kl sin 051+k2 sin (67)]

In equations (6), k; and k. represent the ratios of voltages induced
in the receiving antenna, E,/E, and E;/E,, respectively, and oy and
as the angles Diw/c, and Dyw/ec.

¢ The difference in group length of two paths may be expressed in terms of
the phase length of path as,
D = (Lo}~ (Lo)s = (In — Ls) +f[(dL/df) — (dL/df)s]
The path difference, D, does not represent the actual difference in physical length
of the two paths.
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The amplitude-frequency characteristic for the high-frequency
components of a double side-band signal or the equivalent audio-
frequency components of a single side-band signal is, therefore, ob-
tained by substituting values of ki, ks, Dy, and D, in (6), and solving
for the resultant amplitude at different frequencies in (5).

A point of particular interest in connection with the frequency-
amplitude patterns based upon (5) is that the minima of these patterns
are entirely unrestricted in their position in the frequency band of the
signal; that is, in a single side-band signal, no particular frequency will
be subjected to greater fading than any other in the audio-frequency
band. Such is not the case, as will be shown later, when we are con-
sidering the transient audio-frequency characteristic of a double side-
band signal.

TRANSIENT AUDIO-FREQUENCY CHARACTERISTICS FOR
DouBLE SipE-BAND TrRANSMISSION CASE

In developing the amplitude-frequency equations for the double
side-band case, we shall again assume that similar components of a
signal travel over three paths between transmitter and receiver. The
angular velocity of the carrier wave will be taken as w and that of the
modulation wave as q.

Then the three signal components arriving at the receiver over the
three paths may be separately represented by the following equations:

Eo=sin wt+m/2 sin (w+¢g)t+m/2 sin (w—gq)t ]
Ei=k {sin (wt—Dw/c)+m/2 sin [(w+q)t— (w+q)Dy/c]
+m/2 sin [(0—g)t—(w—g)Dy/c]} ™)

Ey=ks{sin (wt—Dyw/c)+m/2 sin [(w+q)t— (w+q)Dy/c]
+m/2 sin [(0—g)t—(w—q)Dy/cl}

In these equations k; and %, represent the ratio of voltages induced
in the receiving antenna E,/E.and E,/E,, respectively. The constant
m depends upon the percentage modulation, and the phase of the volt-
age Eqis assumed to be “zero” so that D; and D, are the differences in
“group” length of the paths as referred to the path of the signal E,.

Letting ou = Dw/¢, B1=¢D,/c,as = D:w/¢c, and By = qD,/c, substitut-
ing these values in equations (7), and adding E,, K,, and E,, we have
E0+E1+E2 =sin wt-l—k1 sin (wt—al) +k2 sin (wt—a2)

+m/2 sin (w+q)t+kim/2 sin [(w+g)t— (a1 +81)]
+kam/2 sin [(w+q)t— (z+B2) | +m/2 sin (w—q)t
+km/2 sin [(w—q)t— (a1 —B1) ] +kam/2 sin [(w—q)t— (as—Bs)]

®
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When equation (8) is squared (i.e., the signal subjected to square
law detection), and the fundamental audio-frequency terms are
retained it reduces to the form

Eis=A sin gt+B cos ¢l (9)
in which
A =m{(1+kicosa1+kscosas)+ [kicosan+ki+kika(cosacosas |
+-sin o, sin ay) | cos B1+ [ks cos aa+ ka2 -+ k1ko(cos oy cos ay !
+sin o sin ay) | cos Bs L(IO)
B =m{ [k cos o1 +E12+k1ks(cos ax €0s aa+sin ay sin ay) | sin B
+ [ k2 c0s ag+ g2+ k1ka(cos a; cos a+-sin a; sin ) | sin Bs |

These values of 4 and B can be handled more conveniently if we

let
M =14k cos a1+ks cos as)

N =k cos ar+k 2+ kiks(cos oy e0s ap+sin oy sin o) (1
P =k, cos ay+k2+kiko(cos ) cos az+sin oy sin o)

The resultant amplitude of any particular audio frequency is then
determined by the relation

(EA)w:\“Aw +Bw2 (12)

in which
A,=m(M~+N cos 8,4+ P cos 32)
B,=m(N sin 8,4+ P sin $3,)

(13)

From (13) fundamental audiofrequency-amplitude patterns for a
double side-band signal may be obtained by assuming certain phase
relations for the three carriers (determining o, and as), path differences
(determining (8, and 83;), relative strength of signals received over the
three paths (determining %, and k;) and the percentage modulation m.

It must be emphasized that the above equation (12) determines
only the relative amplitudes of the fundamental modulation compo-
nents since only the fundamental terms were retained when (8) was
squared. The reason for neglecting the double frequency terms was
that, in the test method, these frequencies were intentionally sup-
pressed by a suitable spacing of the test tones, and the action of the
receiving filters. The distortion caused by the generation of harmonics
will therefore be considered later as a separate problem.
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SYNTHETIC MULTITONE PATTERNS

In Fig. 10.is shown a series of synthetic multitone audio-frequency
transmission patterns for double and single side-band signals. Two
transmission paths are assumed. The difference in electrical length of
the two paths was taken as 100 km. For the double and single side-
band series (a) and (c), respectively, the amplitudes of the two com-
ponents were assumed to be equal. For (b) and (d) the amplitudes of
the component received over one path was assumed to be twice
that received over the other. It will be noted that the single side-
band signal does not fade to zero in the series (¢) as does the double
side-band signal in the series (a) when the two equal carrier waves
fall into opposition. Also the minima move across the single side-band
characteristic, and remain fixed in the double side-band case.

When the components are not equal, the minima are shallow and
in the double side-band pattern they are replaced by shallow maxima.
Modifications in the double side-band pattern with relative phase
shifts may be described as standing changes. Such changes will not
occur in the single side-band patterns if only two paths are responsible
for the selective fading. The single side-band patterns for the two-
path case would consist simply of regularly spaced minima which
would move across the multitone picture one way or the other depend-
ing upon whether the difference in the group length of the two paths
18 increasing or decreasing, and whether the upper or lower side band
of the signal is transmitted. With an increase in the group path-
length difference the minima move toward the low end of the high-
frequency spectrum and vice versa. When the upper side band alone
is transmitted and the carrier is supplied at the receiver, the audio-
frequency pattern corresponds to that of the high frequency. Under
these conditions a minima movement toward the low end of the audio
band indicates a similar movement toward the low end of the high-
frequency spectrum. If the lower side band is transmitted the sense
of the movement at the audio frequency is opposite to that at the high
frequency.

In Fig. 11 are shown several series of synthetic double side-band
patterns based upon the assumption of three-path transmission.
Each block of patterns represents a different path-length relation,
and the assumption is made that the signal components received
over the three paths are equal. Relative phase shifts of the carriers
associated with two of the components are shown by the angles a;
and s, deseribed earlier. Disregarding for the moment the limita-
tions of the multitone test band, it may be sald that the shapes of
these patterns depend primarily upon the ratio of the group path-
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length differences. Thus the shape of the patterns for D, =20 km,
and D, =40 km, is the same as for D; =200 km, and D, =400 km except
that in the latter case there is much more of the pattern squeezed into
the frequency range of the multitone band.

In these double side-band patterns it will be noticed that there are
several conditions under which the amplitude-frequency characteristic
is flat. This occurs when two of the three carrier components oppose
one another and are, at the same time, a4t 90 deg. with respect to the
remaining carrier. Under these conditions the side bands associated
with the suppressed carriers are in such a phase relation to the re-
maining carrier that they do not contribute any fundamental audio
frequencies during the detection process. When we come to a consid-
eration of the harmonic produced by the selective fading, we shall
find that although the fundamental characteristic is flat, the harmonic
may, under the conditions discussed above, become relatively high
so that actually the signal is not free from distortion even though the
fundamental frequency-amplitude pattern is rectangular.

Due to the 90 deg. steps between the patterns, shown in Fig. 11,
no zero fades appear. For the case of equal signal amplitude re-
ceived over three paths the fundamental tones of the demodulated
signal would drop to zero when the three carriers are spaced 120
deg. apart in time phase.

Fig. 12 shows a series of synthetic single side-band characteristics
corresponding to those for the double side-band cases shown in Fig.
11. The single side-band patterns often resemble those for the same
carrier phase relations in the double side-band case. The similarity
is, as we might expect, most pronounced when the resultant carrier
of the double side-band signal is at a point in the high-frequency
amplitude-interference pattern where the pattern below the carrier
frequency is a mirror image of that above in the high-frequency spec-
trum. The minima may move across the band or undergo standing
changes in the three-path single side-band case. There is not the
regular procession of minima across the multitone pattern that there
is in the two-path patterns shownin (c) and (d) of Fig. 10. Another
distinguishing difference between the single and double side-band
patterns for the three-path case is that in the former the characteris-
tic does not flatten out as it often does in the latter. A flat char-
acteristic must be the result of a change in the amplitude ratio of the
interfering components.

RecorpED MULTITONE PATTERNS

Figs. 13 to 22, inclusive, show a series of multitone pictures for
single side-band transmission of the multitone signal, and for the trans-
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mission of both side bands and carrier. These tests covered the hours
between 0845 and 1545 E.S.T. on May 16, 1928, They were made at
a carrier frequency of approximately 18.34 megacycles. The patterns
were recorded oscillographically on sensitized paper in the manner
previously described. 1In these illustrations successive multitone
characteristics have been cut from the original record strip and ar-
ranged one above the other so that the minima movement, and changes
in pattern shape, could be more readily followed.

Some of the small irregularities which appear in these patterns
are due to static. Others may perhaps be due to small components
of signal arriving over widely different paths so as to produce closely
spaced minima. Since they were taken at the rate of 12-1/2 pictures
a second, they actually represent but a very small portion of the
whole test period. Visual observations were made on the cathode
ray tube during the whole period of each test, and samples of the
fading were “snapped” at intervals during the course of these observa-
tions. Up to about 1200 E.8.T. the average selective fading on the
circuit was less severe than these oscillograph records would indicate.
The different components producing the selective fading seemed, in
themselves, to fade in and out slowly, perhaps due to changes in the
angle of polarization. At times their amplitude relation became such
that the minima were pronounced. Between these periods when deep
minima were present the characteristic would often approach flatness.
A perfectly flat characteristic was at all times a rare and transient condi-
tzon. Those records taken after 1200 E.S.T. are fairly representative
of average circuit conditions.

Although the records taken before 1200 E.S.T. are not repre-
sentative of the average amount of distortion on the circuit, they are
all representative of the character of the distortion. During the early
part of the test it will be noticed that the minima were much further
apart than they were between 1300 and 1500 E.S.T. The minima
spacing during any one test appeared to remain the same, which indi-
cates that although the different components did not remain the same
in relative amplitude, the relative path-length remained practically
constant. Since this is the usual experience during the course of any
day’s observations, it seems reasonable to assume that these interfer-
ing components do not appear at random, but are the result of some
systematic condition of the transmission path.

During the early part of the tests represented by Figs. 13 to 21,
there was very little evidence of closely spaced minima such as appear
in Figs. 17, 18, and 19. The visual observations and some of the oscil-
lograph records indicate that the closely spaced pattern was
present occasionally in small amounts. In the single side-band
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Fig. 13—Normal and single side-band multitone patterns recorded on 18 mega-
cycle Deal-New Southgate channel, May 16, 1928. (Patterns recorded at
rate of 1214 a second and arranged in sequence from top to bottom of TOWS.)
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Tig. 14—Same as Fig. 13 continued.
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Fig. 15—Same as Flg 13 continued..
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Fig. 16—Same as Fig. 13 continued.
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record of Fig. 17 taken at 1115 J.8.T. there was much more of the
closely spaced minima than appears in previous records. In this record
there is evidence of changes in the relative amplitude of the inter-
fering components which may, perhaps, be ascribed to variations in
their planes of polarization. (By starting at the upper left-hand corner
of this page and following down the columns in succession, one can
visualize to some extent the actual appearance of the moving patterns
which could be seen on the cathode-ray tube during this test. The
360 multitone pictures shown in Fig. 17 cover a period of about half
a minute). In.the single side-band record of 1215 E.S.T. the closely
spaced minima pattern seems to have disappeared again. In Figs.
18, 19, and 20 they again appear very prominently. During this time
the signal seems to have been received largely over two paths. A
close examination of the normal records for 1300 and 1430 will
reveal high maxima at two points in the multitone band which during
the course of the fade are replaced by shallow minima. During that
part of the fading cycle represented by the latter condition the general
level of the signal is low because the two carriers arriving over the
different paths are in opposition. The shapes of the patterns in the
single side-band records for 1415 and 1445 E.S.T. are similar to those
for the normal transmission at 1300 and 1430 E.S.T. but it will be
noticed that the minima are moving across the multitone band in-
stead of undergoing standing changes as they do for the “normal”
case.

At 1515 .8.T. during the single side-band observation the fading
was very rapid. The changes were too fast to be followed by the com-
mutator, or by the eye. However, at moments when the pattern
hesitated for a brief interval in its movement, the close minima of
the previous tests were clearly visible. The relative length of the paths
was apparently changing rapidly. TFifteen minutes later during the
observations on the normal signal the rapid fading and the closely
spaced minima had both disappeared. The patterns which remained
resembled those which had been observed earlier in the test. At 1545
the single side-band observations occasionally showed a small amount
of the closely spaced minima. If, as the multitone tests suggest, por-
tions of the received signal have actually followed separate paths
from the transmitter, it seems likely that the diurnal variation of
signal strength over these paths might be different. The variation
in the average depth of the minima from hour to hour certainly sug-
gests a dissimilar variation in the magnitude of the components
producing the patterns. During the course of these tests it has been
the experience that changes in average field are often, though not
always, accompanied by changes in the character or depth of the
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Fig. 17—A continuous sequence of single side-band multitone patterns covering
about one-half minute. (Otherwise same as Fig. 13 continued.)
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selective fading. Fig. 23 shows the changes in average field over the
period represented by the multitone records of Figs. 13 to22. Field-
strength readings were taken every half hour upon the carrier re-
ceived during the “normal” transmission period. The arrival of the
closely spaced minima described above seems to have accompanied
the disappearance of the peak around 1230 E.S.T. and the appear-
ance of the peak at 1500 E.S.T.

GENERAL AND SELECTIVE FADING

The audible signal amplitude is proportional to the product of
the carrier and side-band amplitudes. The carrier is a single frequency,
but the side band, as the term suggests, includes a range of frequencies
which in radiotelephony may occupy some 3000 cycles either side
of the carrier. The different frequencies in these side bands do not
fade together so that an expression for the strength of the resultant
audible signal becomes a little complicated. It is, however, approxi-
mately proportional to the product of the carrier and the average
amplitude of the side bands (i.e., as averaged over the frequency
range of these bands at any instant).

If now the signal travels over two paths from transmitter to re-
ceiver, and one of these paths is much longer than the other, two or
more minima may appear in the side bands at the receiver. As these
minima travel across the high-frequency signal band, the average
amplitude of the side bands will remain practically constant, but the
carrier will vary from a maximum to a minimum. Therefore, the
general fading under these circumstances would be directly propor-
tional to the variation in carrier amplitude.

When the path-length difference is small the minima separation
in the high-frequency spectrum becomes large. Then both the side
bands and the carrier fade in and out together. In this case the am-
plitude of the “general” fading would be proportional to the square
of the carrier variation.

This line of reasoning would lead us to conclude that the depth
of fading on normal transmission at times when the minima are
widely separated will be much greater than when they are close to-
gether. The conclusion seems to agree with observation. During times
when the multitone patterns for a signal consisting of two side bands
and a carrier tilt and fade slowly out and in as if the minima were
widely separated, the amplitude of the general fading, as judged
by the ear, seems to be much greater than at times when two or three
minima are crowded into the band.

It appears that there would be little advantage in transmitting
only one side band with the carrier as far as the reduction of general
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Fig. 18—Same as Fig. 13 continued.
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Fig. 19- Same as Fig. 13 continued.
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Fig. 20—Same as Fig. 13 continued.
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Fig. 21—Same as Fig. 13 continued.
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Fig. 22—Same as Fig. 13 continued.
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fading and fundamental distortion is concerned. (The term fun-
damental distortion refers to the selective suppression or exaggera-
tion of the audio frequencies which were modulated upon the carrier
at the transmitter rather than to the introduetion of harmonics.)
When one or more minima are constantly present in the voice band
there are conditions under which opposite side-band components
assoclated with the same audio frequency tone in a double side-band
signal tend to neutralize one another, but at other times the loss of
one of these opposite side band components is offset to some degree
by the presence of the same tonc equivalent in the other. A very
good idea of the relative fundamental distortion on a double side-
band and carrier signal, as compared to a single side-band signal with
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Fig. 23— Variation on field strength, May 16, 1928.

which carrier is transmitted, can be obtained by a comparison of the
synthetic multitone characteristics of Figs. 11 and 12. If we modify
the general amplitude of the single side-band patterns in Fig. 12
in accordance with the variation in carrier amplitude with o; and «y,
the result is the equivalent of single side-band transmitted with carrier.

The chief advantage then of transmitting only one side band with
the carrier is in the reduction of harmonic distortion resulting from
the intermodulation of side-band components when the carrier fades.
Selcctive suppression of the carrier due to wave interference hasan
effect at the receiver similar to overmodulation at the transmitter.

The transmission of only one side band and the introduction of
carrier from a source at the receiver does not suppress the funda-
mental distortion appreciably, but it does greatly reduce the harmonic
distortion which is a pernicious product of selective fading. At
times when the minima spacing is great the general fading amplitude
becomes proportional to the field strength, rather than to the square
of the field strength as is the case when the carrier is transmitted with
the side band or side bands. The most evident improvement with
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Fig. 24—Records showing variation in selective fading patterns with changes in carrier amplitude at 1500 E.S.T.,
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the use of single side band and the introduction of carrier at, the re-
ceiver occurs at times when the minima are closely spaced. When
the minima spacing is comparable to the width of the signal band,
single side band should have the two-fold effect of reducing general
fading and at the same time suppressing harmonic distortion.
Examples of the relation between general and selective fading
of a signal in which both side bands and carrier are transmitted are
shown in Figs. 24 and 25. The field-strength variation was, in the
making of these records, recorded on the same strip with the multi-
tone characteristics. For this purpose a d-c amplifier was used to
amplify the rectified output of the second detector in the receiving
set. On the original record the “field” ordinates were, therefore,

Fig. 26—Idealistic picture of probable relation between actual and assumed
vector quantities representing received carrier wave components.

approximately proportional to the square of the field. In the repro-
duction here shown, the field variations have been reconstructed to
show a direct proportionality. Allowing for a small time lag neces-
sarily introduced by the d-c¢ amplifier, the relative amplitude of the
field corresponding to each multitone characteristic is shown graphic-
ally above the latter.

These particular records have been selected for illustration from
a large number made because at this time the fading rate was high
so that a more complete sequence of changes could be shown within
a reasonable length of strip. At the same time the patterns are charac-
teristic of a type which frequency appears on the 13- and 18-megacycle
channels between Deal and New Southgate. Deep minima occur
alternately around tones Nos. 3 and 4 (counting from the left) and 7
and 8. When the deep minimum shifts from one end of the band to
the other, the change is usually brought about by a depression of

e T T E T
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the maximum accompanied by an elevation of the minimum, some-
what as is illustrated by strip (1) of Fig. 24. At other times the
minimum appears to slide from one position tc the other. In this
latter case the depression almost invariably becomes shallow while
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Fig. 27— Variation in fading rate with frequency on Deal-New Southgate short-
wave circuit.

moving across the band. An example of this type of change is shown
in strip (11) of Fig. 25. When the patterns are of the type illustrated
in these figures deep minima are very common around tones Nos. 3
and 4, and the amplitude of the fading on these frequencies (765 and
935 cycles) is more pronounced than at any other point in the band.
The depressions around tones Nos. 7 and 8 (1445 and 1615 cycles)
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are less marked than those around tones Nos. 3 and 4. When a mini-
mum appears between these two points in the band it is extremely trans-
lent. An examination of synthetically constructed patterns suggests
that the movement of deep minima across the band requires a simul-
taneous and particular change in amplitude and phase of the major
components. Such an occurrence could be attributed to a change in
the angle of polarization or to a condition under whieh the major
components are, in themselves, made up of components arriving
over slightly different paths. In the synthetic analysis it has been
assumed that the components arriving over the paths of considerable
group-length difference may be represented by aggregate vectors such
as (a), (b), and (¢) in Fig. 26. A more accurate representation of the
elementary vector quantities contributing to the reeceived signal
would probably appear somewhat as is shown by (a’), (b’), and (¢)
of Fig. 26. Due to transient changes in the refracting medium the
configuration of (a’), (b’), and (¢’) would undergo constant modifica-
tion so that the amplitude as well as the phase of the aggregate vectors
(a), (b), and (¢) would change accordingly.

If, as the discussion thus far suggests, general fading is due, in
a considerable part at least, to wave interference, some relation might
be expected between the fading rate and minima separation in the
interference patterns. As the difference in length of the interfering
paths increases, similar changes along the paths would result in a
greater number of interference bands sweeping across the receiver.
The multitone observations at various radio frequencies show that, in
general, the minima separation increases with frequency. Tig. 27
shows a similar increase in the fading rate as taken from tone records.

In Tig. 28 is shown the relation between minima separation in
the multitone band and the fading at 18 megacycles. The shaded
curves representing minima in the multitone band are based upon an
approximate analysis of patterns for each test period and a weighting of
components according to the order of their importance. At the lower
end of the scale are designated the tilting and flat characteristics which
represent the limiting case in which the multitone band only covers
a part of the frequency interval between minima. During all seasons
there is apparently an increase in the number of minima in the band
toward the end of the useful period. There is also an abrupt rise in
the fading rate at this time. In summer the fading rate is, on the
average, lower than during other times of the year and the minima
separation is correspondingly greater.

The average depth of the selective fading becomes a maximum
when the interfering components are of about the same amplitude,
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Fig. 20—Average selective fading for different seasons of year at 18 megacyecles.

and it would be a minimum when there is only one wave path from
transmitter to receiver. In Fig. 29 is shown the average diurnal varia-
tion in the depth of selective fading for the different seasons of
the year. The depth of the fading is here shown as the average ratio
between the amplitudes of the maxima and minima in the multitone
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band. These values are based upon estimates by the observer viewing
the patterns on the cathode-ray tube. The curves of Fig. 30 show the
average diurnal variation in received field strength for the seasons.
(Although these fields have not been corrected for variation in power
radiated they represent the average diurnal changes reasonably well).
A comparison of Figs. 29 and 30 indicates that the most selective
fading generally occurs when the fields are high. This suggests that
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Fig. 30—Diurnal variation in field strength at 18 megacycles for period corre-
sponding to data on Fig. 29.

the average field as measured at the receiver may be the result of
a focusing of two or more ray paths rather than a decrease in the
attenuation along a single path. As was previously stated these re-
sultant field-strength curves are probably made up of three or more
relatively simple individual curves representing the variation of the
components which produce the selective fading. Therefore, the
diurnal field-strength variation curve, such as we take at present,
will probably appear somewhat complicated until we are capable of
analyzing the contributing factors separately. A satisfactory method
of making such an analysis is not at present apparent.
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“HarmonNIic” DISTORTION

Thus far the discussion has concerned largely the fundamental
distortion or distortion produced by selective suppression or exag-
geration of frequencies sent out from the transmitter. As a result of
this fundamental distortion harmonic distortion may occur during
the process of detection at the receiver. Second harmonies of the signal
are accentuated at times when a minimum of the interference pat-
terns occurs at the carrier frequency. As has been previously stated,
the effect is approximately the same as if over-modulation were occur-
ring at the transmitter. This type of distortion 1s very easily recog-
nized. The voice becomes high-pitched, seeming to slide up the fre-
quency scale an octave when the signal falls into a fade.

The second harmonic products appearing at the receiver for the
ase in which the signal follows three paths from the transmitter are
equal to

E2q=m2v'C2——ﬁ (14)
where

C =142k, cos Bz cos astke? cos 282+2ks cos B3 cos as
+kg? cos 2Bs+2ksks cos (B2+Bs) cos (ap—ax3)

D =2k, cos as sin Bz +2k; cos as sin Bs+ks? sin 2B5+ks? sin 283
- 9koks cos (ap—as) sin (Ba+Bs) -

Definitions of the various factors entering into these equations
are given under the previously discussed case for the fundamental
tones.

In Fig. 31, the series (b) represents the relation between the funda-
mental and harmonic audio characteristics as determined by (12)
and (14). These are for the case in which equal components of the
signal arrive over three paths, two of which are respectively 200 and
167 km longer than the third. The series illustrates the successive
changes during a portion of a fading cycle at one point in which the
carrier is reduced to zero. The phase relation of the three-carrier
components is shown opposite the corresponding patterns under (a).
The amplitudes of the tone patterns are plotted in decibels (i.e.,
equal to 20 log(E./E,) where I, is arbitrarily taken as the maximum
audio-frequency output on a single tone). The assumption was made
that there was 50 per cent modulation by each individual audio
frequency. The second harmonic pattern is shown shaded in order
to distinguish it from that of the fundamental.

At the beginning of series (b) in Fig. 31 it will be noted that the
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harmonic is some 20 db below (i.e., 1/10 the amplitude of) the funda-
mental. In the vicinity of the point where the resultant carrier fades
out, the harmonic approaches the amplitude of the fundamental.
When the carrier fades out completely, the fundamental tones must
also disappear, but the harmonic remains since the side-band compo-

a b L) (3
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Fig. 31—Synthetic characteristics of fundamental and second harmonic distor-
tion accompanying selective fading:

(a) variation in carrier amplitude
(b) normal receiver output . .
{c) output of receiver with automatic gain control

nents producing them are still present. Therefore, very near the
fading-out point, the harmonic may be much greater than the funda-
mental.

Of the 360-deg. fading cycle there is only some 5 deg. during which
the fundamental is below the harmonic; that is, the duration of this
poor quality interval is relatively short. It will be noticed also that
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as the signal approaches a fade, both the fundamental and harmonic
tone patterns change their shape. The change is quite abrupt, and is
easily recognizable when listening to multitone signals. There is a
sudden alteration in the sound of the tones, somewhat like that which
occurs when a circular saw strikes a knot in a log.

In series (c¢) of Flig. 31 is shown the effect of automatically regulat-
ing the signal output by means of the earrier amplitude. This is the
familiar method of reducing signal variations due to fading. When
the carrier is high the radio receiver amplification is reduced, and when
it becomes low the amplification is increased to some limiting value.
The effect of this increased gain during periods when the carrier is
low is to amplify greatly the harmonic distortion which without
such gain regulation would with the fundamental signal remain some-
what in the background.

The automatic gain control operates most effectively when the
minima in the wave-interference pattern are widely separated, or

Fig. 32—Effect of automatic gain control upon audio output and intermodulation
products when selective fading is present.

the variation in amplitude is about the same over the whole high-
frequency signal band. Such is the case, for example, when patterns
similar to those under (a) of Fig. 9 are present. If the “selective”
fading is such that the side bands fade opposite to the carrier there
may be a low audio output when the carrier is & maximum, a higher
audio output as the carrier amplitude fades, and a low output again
when the carrier fades out. This is well illustrated by the record of
Fig. 32 which shows the variation in earrier and the multitone-pattern
amplitude when the automatic gain control was used. The two parts
of the record were taken from a single long record covering a period
of several seconds. The carrier record here shown is simply the d-¢
component of the rectified high-frequency signal which for normal
modulation and that part of the selective fading cycle where the
carrier is increased in relation to the side band, is amply representative.
When the carrier fades to a point where its amplitude is comparable
to that of the side band, the amplitude of the field as determined by
this curve is no longer accurate. For this reason the carrier amplitude,
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as indicated by the “field” record at the bottom of a fade is higher
than the actual carrier amplitude.

At (a) in Fig. 32 the field is high and the general amplitude of
the multitone patterns is low. As the field fades down te an average
value at (b) the multitone patterns increase very noticeably in general
amplitude. When the carrier amplitude decreases further to a point
where it is approaching zero, the multitone fades out again.

On the upper edge of this record is shown the amplitude of the
side-band intermodulation components appearing below 350 cycles.
These were separated from the audio signal by means of a 350-cycle
low-pass filter. These modulation components consist largely of a
170-cycle wave equivalent to the multitone spacing. It will be noticed
that these modulation components increase as the carrier decreases.

Fig. 32 is in fact an illustration of the changein apparent percent-
age modulation produced by selective fading. The function of the
automatic gain control, as commonly used, is to maintain effectively
a constant level of carrier into the final detector of the receiver. When
the percentage modulation is altered by a selective suppression or
exaggeration of the carrier, the gain control is unable to maintain a
constant audio output over its operative range. The result is the same
as 1f the percentage modulation were varied over a wide range at the
transmitter. Those components of the side band which fade in and
out with the carrier can be maintained at what approaches a canstant
level by means of the automatic gain control, but the variations of
those which fade oppositely are actually magnified by controlling the
receiver gain through variations in the carrier. This condition will
be most pronounced when the minima spacing is comparable to the
width of the signal band.

Tue ErrEcT oF FREQUENCY OR “PHAsE” MODULATION UPON SIGNAL
QuALITY

It has been recognized for some time that change in signal fre-
quency with amplitude modulation results in distortion when selective
fading occurs. Frequency modulation is not recognizable on the cutput
of a radio receiver near the transmitter, but the distortion appears
when the receiver is moved away to a point where fading takes place
(indicating the existence of more than one path between transmitter
and receiver). At a distance of 50 miles from a short-wave trans-
mitter the distortion produced by frequency modulation may be as
pronounced as it is at several thousand miles.

Even deviations from normal phase in the order of 90 deg. or less
during amplitude modulation may produce considerable distortion
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in a double side-band and carrier-transmission system if selective
fading is present. Such distortion results when the difference in group
time of the interfering paths which cause the selective fading is
comparable to the period of the modulation frequency. Assume, for
example, the carrier is modulated by a 1000-cycle tone and there are
two interfering paths which differ in transmission time by 1/2,000th
of a second (a common difference in path time). If phase modulation
occurs, the carriers received over the two paths will be varying oppo-
sitely in phase. When the vectors representing the two interfering
carriers are nearly equal and opposed, corresponding to the minimum
of a fade at the receiver, the distortion produced by phase deviations
of 90 deg. or less with amplitude modulation is approximately propor-

tional to
¢ [sin (A¢) |

where e =amplitudes of opposing carriers and (A¢) =phase deviation.

Since the distortion due to phase modulation is most pronounced
during the fades it easily may be confused with distortion due to
side-band intermodulation (“harmonic” distortion). It is similarly
selective in character in that the harmonies which appear most pro-
minently will depend upon the path-length difference.

The distortion produced by intermodulation of the side bands is
proportional to

kn2e?
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