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GEOGRAPHICAL LOCATION OF MEMBERS ELECTED
JUNE 1, 1931

Elected to the Associate Grade

California Berkeley, 2710 Hillegass Ave.. ... .......... ............Power, L. T.
Oakland, 3227 6lst Ave. . .. .. d TN . Stewart, J. A
Santa Monica, 1343 Chelsea St...........................8lyfield, C. O.
Vallejo, 1040 Georgia St......... P w-¢ U ey ...Rice, A. R.
Whittier, Route 3, Box No. 139.......... .. ..........Wiggins, W. 8.
Dclaware Wilmington, 1405 Delaware Ave.. ... ... .. .........Warfield, T. J.
Dist. of Columbia Bellevue-Anacostia, U. S. Naval Research Lab........... .. Trapeur, R. E.
Tllinois Chicago, 21 W. Grand Ave............... 5. AR AN, .. .Sanderson, G.
Cicero, 1637 8. 51st St.. .. ... .. .. . ... .Kailus, Peter C.
Indiana Kokomo, 908 W, Taylor St.. ........ viiiei...........Dawson, I. A.
South Bend, 718 Sherman Ave.. .. ...... ... ... . = . v Work, L. .
Towa Dingonal . . ................. .. I A P McCartney, M.
Louisiana Monroe, Box No. 893........... aaar Ce . ..........Mask, W.B.
Maryland Salisbury, 613 Park Ave........... .. Ten S A ....Perry, J. E.
Massachusetts East Springfield, 577 Page Blvd.. . . .. ....... ... .. ......Taylor, E. H.
Minnesota Pipestone, 103 E. French St................... ... . .....Port, C. G.
Saint Paul, 1941 James St.. .. ... .. R ...........8Swendson, L. G.
Mississippi Tupelo, Box No. 482..... .. N R . . ...........Stewart, E. B.
Missouri St. Louis, 6604 Tyler Ave.... .. i iiii............Goodberlet, E.
New Jersey Arlington, 412 Highland Ave. . ....................Lubben, A. G
Audubon, 111 Chestnut St... .. L el POV (g N - . Feldman, N.
Audubon, 105 Central Ave.. . ... ... .. ST b L PP Pierson, 1. S
Berkeley Heights, Box No. 26.... .. LN n A e AAs .. - Romano, M. A.
Boonton, 113 Schultz St....... A i Ta A N agh AL TR Barber, A. W.
Camden, Plaza Club Hotel. . ... . .. S Burnison, J. W,
Collingswood, 34 Woodlawn Ave...... ........ ... ....... Bov, R. F.
Freehold, 25 Park Ave....... .. TS R ....Hampton, E. C.
Montclair, 104 Alexander Ave.. . .. .. ... .ot Jacobus, R. A.
Newark, 250 S. 7¢h St.. ... ... ... ... ... A Lampey, J. J.
' Oaklyn, 125 E. Bettlewood Ave........ .. ....... ... ....... Byler, H. W.
New York Binghamton, 3 Carlton St....... ... ... . AN eSS I ey Craft, J. A.
New York City, Trade Dept. British Consulate General, 44
Whitehall St.. . ... .. ... Langley, H. E.
New York City, Hotel Montclair, Rm. 1600. .............. Waring, J. T.
. Port Jefferson, 103 Myrtle Ave.. ......................... Bergere, S
Ohio Cleveland, Hotel Belmont............. ... ... ... ...... Wynne, W. A.
Dayton, 360 W. Ist St.. ... ... .. . ... ... ... Colvin, R. A.
Dayton, 1615 Roosevelt St... ... ..... .. ... . .. ......... Mummas, R. E.
Dayton, 3516 N. Main St........... R Sy I A Peoples, A. G.
) Osborn, R.D. No. 1..... .o Kilheffer, L. D.
Pennsylvania Lemoyne, 440 Market St.. .. ... ... ... ... ... ... ... ..., Smiley, W. A.
Philadelphia, 933 W. Somerset St.......... ... .. ... ... ... Bowers, F. L.
Philadelphia, 3714 N. Carlisle St.. ... ............. ... .. ... Higgins, H. R.
Philadelphia, 383¢ N. 13th St....... .. .. ... ... ... ... Karker, A. S., Jr.
Philadelphia, 1239 N. Hollywood St....................... Klingelhoeffer, R.
Schuylkill Haven, 336 Dock St.. ...... ... ... .. ... ..... Eiler, D. L.
YorkyR.ID. No. 7. g0 . 5o, - ..o samma: 658 G ceoee 53« - g - Herr, B. R.
Rhode Island Woonsocket, 371 Nursery Ave............................ Heroux, G. A.
T,?Xa_s. Dallag, 1311 Republic Bank Bldg.. . ...................... Newton, W. W.
Virginia Lynchburg, 1017 Knight St............. ... ............ Henry, N. E.
Alaska Juneau, Box No. 1498.. ... ... . ... . ... ... . .. .. . .... O'Loughlen, B. W.
Bahama Islands  Nassau, ¢/o British Government Hospital . .. ... ........... Cruikshank, J. M.
Canada Toronto, Ont., 46 Spencer Ave.. .. ... ... ... ... ... .. ..... Creswick, E. A.
Toronto, Ont., 322 Logan Ave............. .. ... .......... Fichter, L
Toronto, Ont., 433 Delaware Ave.. .. ......... ..Ford, R
Toronto, Ont., Bell Telephone Co. of Canada .. Geiger, D. G
Toronto, Ont., 95 Westwood Ave.. ....................... Girdler, H. J.
. Toronto, Ont., 1424 Queen St. W... ... ... ... ... ... ... Meclntyre, R. G.
Egypt Cairo, Marconi’s Wireless Tel. Co. of Egypt. ... ........... De Barro, F.
England Douglas, Manchester, 13 Park Rd.. . ..................... Horne, T.
Infield, Middlesex, 8 St. Georges Rd. Forty Hill. ... ... ... Bate, J. R. T.
Hull, Yorks, *'Lynton,” 17 Silverdale Rd.. . ............... Rapson, E. T. A.
Ilford, Essex, 351 Wanstead Park Rd...................... Randall, M. C.
London, N.-W. 9, 259 The Broadway, West Hendon......... Barnard, R. M.
London, N.-W. 2, Radio Section, P.O. Research Station, Dollis
2 1 R RN T TEr v S 1Y = ot e SRS A S Hawking, W.
London, 143 Sunny Gardens Rd., Hendon N\W. 4. . ... ... .. Starr, A. T.
Piccadilly, Manchester, Broadeasting House, British Broad-
casting Corporation.............. ... ... ... . ... ... Lycett, E. L.
Portsmouth, Hampshire, 3¢ Mafeking Rd.................. Wills, 8.
Rugby, 22 Holbrook Ave.. . ........ .. ... . ... ... .. .. ... McDonald, D.
\Y




Geographical Location of Members Elected June 1, 1931

England (cont.)

Guam

Holland
Philippine Islands
Scotland

South Australia

Illinois
New York
Canada
England
Scotland

Slough, Bucks, 12 First Crescent, Cloucester Ave.. .........
Westcliff-on-Sea, 161 Hainault Ave........................
‘Worksop, Notts, Launt House, Carlton Rd.................
York, St. Sampson’s Square. .. ...
Agana. . ... ...
Amsterdam, Riouwstraat 3. ................ .. .. ......
Cavite, 4 Ci8neros St.. . ..ot ie
Glasgow, Cathart, 48 Kingsacre Rd...... ... ............
Glasgow, E.I., 56 Drumover Dr.. . . ................ ... ...
Glasgow, S2, ¢/o Livingstone, 35 Langside Rd.. ... ... ....
Greenock, 25 Stront Crescent. ...........................
Greenock, 20 Crawford St............. ... ............. ...
Adelaide, 148 Watson Ave,, Toorak................... .. ..

Elected to the Junior Grade

Chicago, 1055 N. Leamington Ave........................
Ozone Park, L. I.,86-11 103rd Ave.......................
Toronto, Ont., 699 Sammon Ave...............cooo i
London S.E. 10, 185 Trafalgar Rd., E. Greenwich. ... .....
Dumfries, Townhead Manse, 14 Moffat Rd.. . .............
Gourock, 24 John St.. . ... i
Kion, Ailsa View, Stewart St.. .. ........ ... ... . ... ..
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Stoddart, J. A.
Bradfeld, G.
‘Webster, R.
Shackleton, S. M.
Sutton, R. E.
Bruchiss, L.
Minoza, 1. P.
Barwise, H.
Maceachern, H.
Wilson, T. A

Liebhart, G. R.
Bulzoni, A. L.
Cooper, A. S.
Drinkwater, E. W.
Thomson, I. W. S.
Balfour, W.
Fraser, E. S.
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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 July 31,
1931. Final action on these applications will be taken on August 5, 1931.

California

Colorado
Dist. of Columbia

For Election to the Associate Grade

Bakersfield, 1010} L. St..........

Long Beach, 1901 Golden Ave..

Long Beach, 2017 Florida St.. .

Los Angeles, 1547 W. 46th S¢.. . . .

Los Angeles, 4316 S. Hoover St.. . . .

Los Angeles, 3922 Cumberland Ave.

Los Angeles, 1843 Iicho Park Ave.. .

Pasadena, 121 State St.. ... ... ..

San Francisco, ¢/o Heintz & Kaulman, 311 California St.
San Francisco, 735 Larkin St.. . .. .. ......
San Jose, 1335 Magnolia Ave.

Yuma, P. O. Box No. 307. ... ..
Washington, 3519-13th St. N. W, Apt. No. 301..
Washington, War Dept., Message Center. . . . .

LeMert, R. D.

.McDowell, I.. W,
.Strong, F. G.
.Findley, T. J.

.. Lippincott, E. W,
.Mosier, J. A.

.. Perry, R. M.
.Blatterman, H. L,
.Barnette, A. F.

.. .Kramer, J. F.
.Williams, D. T,
.Beehler, E. G.
.Kelley, J. L.
.Stoner, F. E.

Illinois Champaign, 805 Neil St.. . .......... .Mann, G. R.
Chicago, 5409 Blackstone Ave.. . .Bell, J. .
Chicago, 4843 S. Union Ave.. .Gallagher, D. F.
Chicago, 1507 Melrose St.. . .Isenberg, R.
Chicago, 6117 Darchester Ave.. ...Johnson, L. E.
Chicago, 1630 Sedgwick St.. ... .. .. Karpuk, A. S.
Chicago, 1130 N. La Salle St. . . . .Laycock, R. F.
Chicago, 2032 W. Roosevelt Rd.. . . . 00 .. Passow, E. B.
Chicago, 5007 Barry Ave.. ..... . e .Thrun, A. G,
Newton............. ... ...... .Sims, L. H.
Indiana Anderson, Box No. 999. . . .. ...McKee, A. L.
Fort Wayne, Steinite Mfg. Co.. .. .. .. Abelson, L. S.
Indianapolis, 36 N. Irvington Ave. .Gutheil, C. M.
Kansas Topeka, 1451 Byron Ave.. ... ... .Beasley, W. A.
Louisiana New Orleans, 5347 Coliseum St. . .Christy, E. H.
Maine Bangor, 127 Hammond St.. ... .. = .. Gustin, R. W.
Massachusetts Cambridge, 888 Massachusetts Ave., Suite 54. . . . Xrumming, A.
Cambridge A, Mass. Inst. Tech.. ... ... ... . .. ...Tucker, C. .
Springfield, 26 Palmy St.. . ... ... .. ... ... ... .. ... Bacon, F. C.
L Springfield, 19 Calvin 8t............ ... .. .. - .. Martin, D.
Michigan Grand Rapids, 407 Cherry St., Apt. No. 212 . .. .Darrow, J. A, Jr.
Mpntaua Bozeman, 108 E. Story St.. .. ... ... ... ... ... ... McKay, W. M.
Missouri Kansas City, 153% . 50th St. Terrace. . . ............... .Brennan, J. W.
St. Louis, 2110 Withnell Ave........... .. ... .. ..Ramey, P. T,
New Jersey Camden, 333 Front St.......... .. .. ... ... ...... .Hoch, A. L.

Jersey City, 41 Virginia Ave.. ... ... ... ..
Jersey City, 68 Summit Ave. . .
Short Hills, 207 Wellington Rd..
Westmont, 25 Emerald Ave. .

Bayside, ¢/o Hazeltine Corp., 210th St. and 26th Ave. . B

Norton, J. E.
Sponseller, J. F.

...Harkins, P. B.
.. Weber, A. K.

New York ... Whitman, V. E.
Brooklyn, 340 Vernon Ave.. ... .......... ........ .. . Korb, A.
New York City, 15 E. 26th St.. .. .. ......... .. ... ... .. . Block, W. S., Jr.
New York City, 596 Riverside Dr.. . ... ....... ... .. .. .. Moises, G. S.
New York City, ¢/o Kenyon Trans. Co., 122 Cypress Ave. . . . Mitchell, I. A.
New York City, 60E. 42nd St.. . ... ........... . . . ... .. Moscowitz, D.J.
New York City, 1090 Simpson St.. .. ...... ...... ... .. Sadick, A. I.
Rego Park, 6212 Saunders St., Apt. No. J4.. . ..... ... .. ... MacDonald, W. W.
Richmond Hill, 130-06 Liberty Ave.. ............. .. ... .. Palasky, H.
Riverhead, ¢/o RCA Comm. Inec........ .. .. ORI George, R. W.
Rochester, 4 Charlotte Ave.. .. .... .. ... ... .. .. .. .. .. .. Newton, W. E.
Rochester, 80 S. Plymouth Ave... ... ...... ... ... .. .. .. Peterson, D. H.
Rochester, 158% Park Ave.. .................. .. .. . ... Prickett, N. R.
Schenectady, 2226 Watt St............ ....... .. . . ... Towlson, H. G.

. Yonkers, 33 Hudson St............. ... ... . ... Rudove, A. J.
Ohio Columbus, 175 N. Front St.. . ... ... E e I B RS R Morgan, B. A.
Oklahoma Oklahoma City, 322 E. 15¢th S¢. N. ... . ... .. .. . Horton, J. R.
Oregon ) Medford, KMED, Sparta Bldg................... ... ... Rush, ¥, M.
Pennsylvania Philadelphia, 1853 Daly St.. .. ... ... .. ... ... Palm, T, J.

L Philadelphia, 1430 N. 16th St.. ... .. .. . ... . .. .. . Segal, I. A.
Virginia Lynchburg, 4101 Fort Ave.. ........... ... ... . ... .. ... Orth, J. T.
Washington Mount Vernon, 1539 8. 3rd St.. ... .. ... ... ... Hannaford, II. W.

Seattle, 523 Kulien Bldg., 3131 Western Ave.. .. ....... ... . Shepard, W. D.
VII




Applications for Membership

W. Virginia Clarksburg, 731 Locust Ave.......... .. ... ... ... Koerner, R. S.
Australia Clovelly, NSW, 35 Winchester Rd.. ...................... Falson, A. K.
Belgium Calmpthout, Heide F. 80... ... ....... ... ... . ... Van Meel, G. M.
Canada Hamilton, Ont., 174 Main St. W.. . ... ... ... ... . Bennett, H.
Montreal, P. Q., Northern Electric Co., Ltd. 637 Craig St. W.
.................................................... Curran, C. C.
Montreal, P. Q., 3515 Durocher, Apt. 52. . . ................ Weir, C. V. F.
Regina, Sask., 423 FederalBldg.. ......................... Megill, W. J.
Saskatoon, Sask. 101 GrainBldg.. . .. ... ......... ... Michalenka, A.
St. Catherine’s, 63 Pleasant Ave.. ... ... .................. Palen, E. L.
Toronto, Ont., 243 Pape Ave.. . ... .............. ... ... Ainsworth, H.
Toronto, Ont., 357 Kingston Rd.. ... ..................... Foote, G. E
England Chelmsford, Essex, 28 Van DiemansRd.. ... ............... Stead, C.
Liverpool, 83 Broad Green Rd., Broad Green. . . . . .......... Anderson, G.
London N. 1., 12 Thornhill Bridge Place. . . ................ Roberts, J. A.
London W. 5., 27 Grange Park, Ealing. .. ................. Wardle, P. G.
North Wembley, Middlesex, Oak Lodge, Nathan Rd.. ... ... Hay, A. E.
Swindon, Wilts, 27 North St.. . ... ... .............. ... Love, H. J.
Whitechurch, Cardiff, 36 Lon Isa, Rhiwbina............... Jones, D. E.
France Paris, Rue du Laos 7. .. ..o ooo i Fernandez, J. D. P.
Paris, 15eme, 10 Rue de Langeac... ... ... ... ... ... ... Turpin, R.
Ttaly Milan, Viale Abrussi 2F . ... ..o Guarineri, G. M.
Japan Kawagaki, ¢c/o The Tokyo Electric Co.. . .. ................ Kato, K.
Haramura Asagun, Hiroshima Prefecture. .............. .. Kinoshita, S.
Kawasaki, ¢/o The Tokyo Electric Co.. ... . ............ Miyaji, T.
. Tokyo, 1229 Sekigahara Ohimachi. . ..... ... ... ... Shinohara, K.
Porto Rico Ponce, 6 Cristobal Colon St., P. O. Box 749. .. ............ Rodriguez, J., Jr.
South Africa Durban, P. O. Box 1219.. ... ... ... ... . Levine, L. E.

For Election to the Junior grade

Illinois Chicago, 1130 N. LaSalle St.. . .. ..................... ... Tickus, L. J.

N. Dakota Grand Forks, 406 OQak St.. .. .......... ... ... Dettman, R. A.

Ohio Dayton, 1126 Wisconsin Blvd.. . ...... ... ............ ... Marquette, D. L.

Texas New Braunfels, P. O. Box No.384. . ................... .Rompel, W. A.
Stamford, 406 E. Campbell St., Box No. 529.. ... ... .. .. Billingsley, J. B.

Canada Kinistino, Sask . . . .. . Barber, O. B.

oo ) - B < B e

VIII



OFFICERS AND BOARD OF DIRECTION, 1931

(Terms expire January 1, 1932, except as otherwise noted)

President
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L1oYyD ESPENSCHIED
Member Board of Direction 1931

Lloyd Espenschied, a member of the Board of Direction from 1915 to 1926 and
also in 1931 was born in St. Louis, Mo., on April 27, 1889.

He was graduated from the Pratt Institute in 1909 after taking a course in
industrial and electrical engineering. During the summers of 1907 and 1908 he was
a shipboard radio operator. Upon graduation he became connected with the Tele-
funken Wireless Telegraph Company of Ameriea and in 1910 joined the technical
staff of the American Telephone and Telegraph Company.

Mr. Espenschied has taken an active part in Bell System radio developments,
including the first long-distance telephone experiments in 1915 and the more recent
developments of ship-to-shore radiotelephony and overseas radiotelephone services.
At the present time he is a high-frequency transmission engineer im immediate
charge of radio development.

In addition to his radio work he has had a responsible part in the development
of wire communication systems, partieularly in high-frequeney carrier current
telephony and telegraphy. He has contributed much on the technical side of com-
munications as indicated by many patents issued in his name, as well as in the
capacity of an engineering executive. He has participated in a number of national
and international conferences dealing with radio communications.

Mr. Espenschied is a charter member of the Institute and transferred to the
grade of Fellow in 1924. He is a Fellow of the American Institute of Eleetrical
Engineers and has contributed technieal papers to the publications of both societies.



INSTITUE NEWS AND RADIO NOTES

Radio Transmissions of Standard Frequency, July,
August, and September, 1931

The Bureau of Standards announces a new schedule of radio trans-
missions of standard frequencies. This service may be used by broad-
cast and other stations in adjusting their transmitters to exact fre-
quency, and by the public in calibrating frequency standards and
transmitting and receiving apparatus. The signals are transmitted
from the Bureau’s station WWYV, Washington, D. C. They can be
heard and utilized by stations equipped for continuous=wave reception
at distances up to about 1000 miles from Washington, and some of
them at all points in the United States. The time schedules are differ-
ent from those used in transmissions prior to this July.

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

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

1103




1104 Institute News and Radio Notes

The 5000-ke transmissions are from a transmitter of 1 kilowatt
power; they occur every Tuesday except the first in each month, The
other transmissions are from. a transmitter of 1/2 kilowatt power; they
are given on the first Tuesday of every month both afternoon and even-
ing.

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

July l August I September
14 11 | 8
21 18 15
28 25 22
29

Multifrequency Transmissions

Frequencies in Kilocycles

Eastern Standard Time ‘ July 7 August 4 I September 1
2:00 2 | 10:00ex. | 1600 3600 6400
2:18 10:1%8 1800 4000 7000
2:36 10:36 2000 4400 7600
2:54 10:54 2400 4800 8200
3:12 11:12 2800 5200 8800
3:30 11:30 3200 5800 9400
3:48 | 11:48 3600 6400 10000

The frequencies in the 5000-kilocycle transmissions are piezo con-
trolled, and are accurate to much better than a part in a million. The
frequencies in the multifrequency transmissions are manually con-
trolled, and are accurate to a part in a hundred thousand.

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

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

A statement as to whether fading is present or not is desired, and if
s0, its characteristics, such as whether slow or rapid, and time between
peaks of signal intensity. Statements as to the type of receiving set
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used in reporting on the transmissions and the type of antenna used
are likewise desired. The Bureau would also appreciate reports on the
use of the transmissions for purposes of frequency measurement or
control.

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

Committee on Sections

A mecting of the Committee on Sections was held at the office of
the Institute at 7 p.m. on Friday, May 15, and was attended by C. W.
Horn, chairman; Austin Bailey, D. H. Gage, B. E. Shackelford, and H.
P. Westman, secretary.

A number of items regarding the financial status of Sections of
the Institute were considered and a tentative draft of a proposed
standard financial form to be used by Sections in submitting financial
statements at the end of each vear was prepared.

An agenda was prepared for the annual meeting of the Committee
on Sections to be held during the convention in Chicago.

Institute Meetings

ATLANTA SECTION

A meeting of the Atlanta Section was held at the Atlanta Athletic
Club on May 22, H. F. Dobbs, chairman, presiding. A paper by Henry
Reid on the “Multi-Mu tube and its Importance to Broadcast Re-
ceivers” was presented. At the conclusion of the presentation of the
paper a discussion was held and entered into by Messrs. Bangs, Dobbs,
Dougherty, and Wills.

Several of the members present then discussed the problems of
power interference.

The meeting was attended by fourteen members and guests, all
of whom were present at an informal dinner which preceded it.

BosTton SecTIiON

The May 15 meeting of the Boston Section was held at Cruft
Laboratory, Harvard University, Cambridge, G. W. Pierce, chairman,
presiding. .

A paper on “Application of Frequencies above 30,000 Kilocycles to
Communication Problems” by Messrs. Beverage, Peterson, and Han-
sell of RCA Communications, Inc., was presented by H. H. Beverage.

R
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The 5000-ke transmissions are from a transmitter of 1 kilowatt
power; they occur every Tuesday exeept the first in each month. The
other transmissions are frow. a transmitter of 1/2 kilowatt power; they
arc given on the first Tuesday of every month both afternoon and even-
ing.

5000-Tsilocycle Transmigsions
2:00 to 4:00 r.Mm., and 10:00 p.M. to 12:00 Midnight, Eastern Standard Time

July August | September
14 11 8
21 18 15
28 25 22

24

Multifrequency Transmissions

TFrequencies in Kilocycles
Eastern Standard Time July 7 August 4 September 1
2:00 .M. 10:00 r.M. 1600 3600 6400
2:18 10:1% 1800 4000 7000
2:36 10:36 2000 4400 7600
2:54 10:54 2400 4800 8200
3:12 11:12 2300 5200 8500
3:30 11:30 3200 5800 9400
3:48 11:48 3600 6400 10000

The frequencies in the 5000-kilocycle transmissions are piezo con-
trolled, and are accurate to much better than a part in a million. The
frequencies in the multifrequency transmissions are manually con-
trolled, and are accurate to a part in a hundred thousand.

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

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

A statement as 1o whether {fading is present or not is desired, and if
s0, its characteristics, such as whether slow or rapid, and time between
peaks of signal intensity. Statements as to the type of receciving set
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used in reporting on the transmissions and the type of antenna used
are likewise desired. The Bureau would also appreciate reports on the
use of the transmissions for purposes of frequency measurement or
control.

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

Committee on Sections

A meeting of the Committee on Sections was held at the office of
the Institute at 7 p.m. on Friday, May 15,and was attended by C. W.
Horn, chairman; Austin Bailey, D. H. Gage, B. E. Shackelford, and H.
P. Westman, secretary.

A number of items regarding the financial status of Sections of
the Institute were considered and a tentative draft of a proposed
standard financial form to be used by Sections in submitting financial
statements at the end of each year was prepared.

An agenda was preparcd for the annual meeting of the Committee
on Sections to be held during the convention in Chicago.

Institute Meetings

ATLANTA SECTION

A meeting of the Atlanta Section was held at the Atlanta Athletic
Club on May 22, H. F. Dobbs, chairinan, presiding. A paper by Henry
Reid on the “Multi-Mu tube and its Importance to Broadcast Re-
ceivers” was presented. At the conclusion of the presentation of the
paper a discussion was held and entered into by Messrs. Bangs, Dobbs,
Dougherty, and Wills.

Several of the members present then discussed the problems of
power interference.

The meeting was attended by fourteen members and guests, all
of whom were present at an informal dinner which preceded it.

BosToN SecTIoN

The May 15 meeting of the Boston Section was held at Cruft
Laboratory, Harvard University, Cambridge, G. W. Pierce, chairman,
presiding. .

A paper on “Application of Frequencies above 30,000 Kilocyeles to
Communication Problems” by Messrs. Beverage, Peterson, and Han-
scll of RCA Communications, Inc., was presented by H. H. Beverage,
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The meeting was attended by one hundred and four members and
guests, a number of whom were present at the informal dinner which
preceded it.

BuFrALO-NTIAGARA SECTION

The May meeting of the Buffalo-Niagara Section was held on the
13th of the month at Edmund Hayes Hall, University of Buffalo, S.
W. Brown, chairman, presiding.

The paper of the evening by Walter R. Jones, an engineer of the
Sylvania Products Company was on “Recent Developments of Vac-
uum Tubes.”

The paper covered a number of types of pentodes and tetrodes
which were described in detail and a number of empirical curves and
data obtained from measurements, presented. The informal discussion
which followed the presentation of the paper was entered into by a
number of the nineteen members and guests in attendance.

CHICAGO SECTION

The April meeting of the Chicago Section was held on the 23rd in
the auditorium of the Engineers Building, Byron B. Minnium, chair-
man, presiding. The paper of the evening by David Grimes of the
Radio Corporation of America was on “Superheterodyne Receiver
Design.”

The author discussed in detail the superheterodyne design problems
such as image frequency ratios, reradiation, correct intermediate fre-
-quency, application of the pentode, selectivity, etc.

The discussion which followed the paper was entered into by
Messrs. Arnold, Krantz, Landon, Million, Minnium, Polydoroff, and
several others of the one hundred and ninety-five members and guests
in attendance.

CINCINNATI SECTION

The nineteenth meeting of the Cincinnati Section was held at the
Hotel Alms, Dorman D. Israel, chairman, presiding.

The paper of the evening “The Nature of Radiant Energy” was
presented by D. A. Wells of the Physics Department of the University
of Cincinnati.

Dr. Wells traced briefly the historical and theoretical develop-
ment of the electromagnetic theory of radiation, from Newton, Max-
well, and Hertz to the present day. The radiation spectrum was divided
into the following frequency bands: radio, heat or infra-red, visible,
ultra-violet, X-rays, gamma rays, and cosmic rays. It was stated that
the difference between these various groups is characterized essentially
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by differing orders of frequency. Each class of radiation (with the ex-
ception of the cosmic) was demonstrated with the following generating
and receiving apparatus.

Type of Radiation  Generating Means Receiving and Detecting Means

Radio 31-meter v.t. osc. dipole antenna and lamp

Heat radiant heater reflector, thermocouple and
galvanometer

Visible arc prism, filters, and screen

Ultra-violet mercury-vapor arc  fluorescent substances

X-rays X-ray tube - excitation of fluoroscope
screen

Gamma rays radium electroscope

The paper was discussed by Messrs. Austin, Boyle, Kilgour, and
Nichols of the forty-three members and guests in attendance.

CONNECTICUT VALLEY SECTION

The May meeting of the Connecticut V@lley Scction was held on
the 7th of the month at the Hotel Charles, Springfield, Mass., R. 8.
Kruse, chairman, presiding.

A paper on “Radio in the Tropics” was presented by H. W. Holt
of the Radio Engineering Department of the Westinghouse Electric
and Manufacturing Company. The paper covered some of Mr. Holt’s
cxperiences in the jungle along the Magdalena River in Colombia,
South America, where he spent nearly a year installing commercial
radio apparatus. Some of the difficulties attendant upon the installa-
tion of radio apparatus in the tropics were discussed. Approximately
one hundred photographs taken by the author were exhibited.

The mecting was attended by thirty-one members and guests.

L.os ANGELES SECTION

The May 19 meeting of the Los Angeles Section was held at the
Iingineers Club in Los Angeles, T. 15. Nikirk, chairman, presiding.

The Los Angeles Section of the American Institute of Ilectrical
Iingineers was the guest of the Institute Scction at this meeting.

A paper on “Mechanical and Installation Problems of the New 50-
kw RCA Transmitter at KFI” and “An lectrical and Circuit De-
seription of the New 50-kw RCA Transmitter” were the two papers
presented by J. J. Farrell and G. W. Fyler both of the General Iilectric
Company. The papers related specifically to the new transmitter now
being installed for the new broadeast station KIFI at Buena Park,
California which is some twenty miles southeast of Los Angeles. Mr.
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Farrell described the problems of design, experimental work, and test-
ing of such a transmitter prior to its acceptance as a commercial unit.
He considered also the difficulties encountered in the problems of mate-
rials, mechanical design, and arrangements that entered into his work
as installation engineer of the new station. Mr. Fyler, with the aid of
slides, discussed the electrical design and circuit arrangement of the
new transmitter, explaining the construction of the power supply and
rectifier systems, the crystal oscillator frequency controls, the various
stages of power amplification, and the antenna system.

A 100-kw tube was on display at the meeting along with several
smaller amplifier and rectifier tubes which are a part of the new station.

Seventy-five members and guests attended the meeting.

PrILADELPHIA SECTION

The May meeting of the Philadelphia Section was held on the 13th
at the Engineers Club, D. O. Whelan, vice chairman, presiding. The
paper of the evening on “Technique of Loud Speaker Sound Measure-
ments” was presented by Stuart Ballantine of the Boonton Research
Corporation.

The author described various pieces of apparatus used for the pur-
pose of determining frequency—sound pressure curves. These included
a new logarithmic optical recorder permitting the automatic registra-
tion of frequency response characteristics. A number of slides were
projected to illustrate the paper which evoked considerable discus-
sion by the members and guests in attendance.

Nominations for the election of officers at the annual meeting in
June were made.

RocuesTeER SECTION

A meeting of the Rochester Section was held at the Sagamore
Hotel on April 16, Virgil M. Graham, presiding.

A paper on “Recent Developments in Vacuum Tubes” was pre-
sented by E. W. Ritter of the RCA Radiotron Company. Mr. Ritter
traced tube development from other days to the present giving the
reasons for the various types which have been produced. He touched
upon the design of tubes in general, describing briefly the advantage of
the pear-shaped intermediate size bulb for police radio sets and air-
planes where space is limited. He stated all the desirable characteristics
of the larger bulb have been retained and no disadvantages introduced.

The so-called variable-mu tube was described and the conical grid
construction was explained. This tube finds its greatest value in avoid-
ing cross-talk and tube cut-off when listening on a broadcast receiver to
one of two powerful signals operating on frequencies close together.
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Mr. Ritter discussed the pentode and what might be expected of it.
He described the construction and discussed its operation characteristic
from the standpoint of the ability of the tube to overcome the dip in
the plate-current curve which is a characteristic of the 227 tube.

The paper was discussed by Messrs. Grimes, Manson, Wise, and
several others of the ninety-seven members and guests in attendance.

On April 18 the annual dinner mecting of the Rochester LEnginecer-
ing Society and its affiliated societies was held at the Rochester
Chamber of Commerce, Virgil Palmer, President of the Rochester
Engineering Society, presiding.

The speaker of the evening was General James G. Harbord who is
chairman of the Board of Directors of the Radio Corporation of
America.

General Harbord’s subject “In Years to Come” covered a con-
siderable number of predictions as to the future of the musical instru-
ment field. He vividly pictured electrical instruments which will com-
pete with great symphony orchestras and be easily and simply ma-
nipulated with comparatively little previous training on the part of the
artist.

Personal Mention

Francis H. Engel, formerly in the Vacuum Tube Department of the
Radio Corporation of America of New York City is now with the Hy-
grade Lamp Company of Salem, Mass.

Thomas L. Gottier has joined the Engineering Department of the
United Research Corporation of Long Island City previously being
with the RCA Victor Company at Camden.

Formerly chief engineer of Station WFAA in Dallas, Texas, Con-
rad F. Harington has become general manager of station KFUL in
Galveston, Texas.

Robert Holmes has left Loftus, Litd., of Liverpool, England, to be-
come a radio and research development engineer for Lissen and Com-
pany, Ltd., of Middlesex, England.

R. H. Langley, previously director of engineering of the Crosley
Radio Corporation, is now doing consulting work at 165 Broadway,
New York City.

Previously in the Iingineering Department of Radio Industries
of Canada, Ltd., Winnipeg, D. J. H. Leitch has become engineer and

secretary-treasurer of the Canadian Sound Engineering Company,
Ltd., of Winnipeg.
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A. Roy Macartney, formerly with the Honolulu Broadeasting
Company, Ltid., has joined the engineering staff of the Mutual Tele-
phone Company in Honolulu.

John F. Morris has become studio engineer for the National Broad-
casting Company, Inc., leaving the Great Lakes Broadecasting Com-
pany where he was control room engineer.

James P. O’Donohue has been advanced to the rank of chief
enginecr of the Postal Telegraph Cable Company in New York City.

E. K. Oxner has become chief engineer of the High-Frequeney
Laboratories of Chicago.

I.. S. Hillegas-Baird, formerly with the Lesliec F. Muter Division of
Steinite is now connected with the High-Frequency Laboratories of
Chicago.

Formerly with the RCA Vietor Company of Massachusetts, J. P.
Putnam has joined the staff of the Television Laboratories of Boston.

Previously a vacuum tube engincer for the General Electric Com-
pany, Jack D. Ryder has joined the electrical force of the Bailey Meter
Company of Cleveland, Ohio.

Richard F. Shea has joined the enginecring staff of the Pilot Radio
and Tube Manufacturing Company of Lawrence, Mass., having been
previously connected with the Atwater Kent Manufacturing Com-
pany.

A. J. Spooner, formerly chief engincer and secretary-treasurer of the
Oklahoma Broadeasting Co., Inc., is now chief radio engineer of the
KGFIT Broadeasting Company of Shawnee, Okla.

A. C. Stelzer has joined the Engineering Department of the Elec-
trical Test Equipment Division of the General Motors Radio Corpora-
tion of Dayton, Ohio, having previously been in the Test Methods and
Engineering Division of the RCA Vietor Company.

E. M. Strout has left Station KSTP of St. Paul, Minn., to become
chief engineer of the Waterloo Broadeasting Company of Waterloo,
Towa. i

Minoru Taguchi formerly in the Radio Iingineering Department
of Nihon Musen has left to join the enginecring staff of the Japan
Wireless Telegraph Company of Tokyo.

Allen C. Wooldridge has joined the engincering staff of Wired
Radio Company, having formerly been connected with R.C.A. Com-
munications, Inec.
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NOTES ON LOUD SPEAKER RESPONSE MEASUREMENTS
AND SOME TYPICAL RESPONSE CURVES*

By

BenjamiN OLNEY
(Stromberg-Carlson Telephone Manufacturing Company, Rochester, N. YD)

Summary—The difficulties encountered in loud speaker measurements are
briefly reviewed and a description of the acoustic features of a particular indoor
measuring system is given. Outdoor testing arrangements are described whereby dou-
ble as well as single radiating loud speakers are measured with negligible ground
reflection error. It is pointed out that the over-all electrical fidelity curve of a radio
receiver is an inadequate performance index; the electro-acoustic fidelity embracing
the frequency response of the loud speaker is suggested as more informative. The
interpretation of loud speaker response curves in terms of what one may expect lo
hear 1s discussed.

Reponse curves shown and discussed include the following:

(1) Effect of type of cone corrugation. -

(2) Comparison of radio recetver cabinet with flat bajfle. :

(3) Curves showing that the face dimensions of a box baflle are of equal impor-
tance with the path length from front to rear of cone in determining low-frequency
response. ’

(4) The effect of extreme length in a box bafle.

(6) Measurements of the same loud speaker in cabinets of different size.

(6) Over-all electro-acoustic response curves of radio recervers.

(7) Loud speakers with improved high-frequency response.

(8) Some examples of outdoor measurements.

ROGRESS in electrical measurements of the modulation fre-
P quency characteristics of radio receivers has been so rapid that

we now find production line measurements made thousands of
times daily that were not performed successfully in laboratories four or
five years ago. Acoustic measurements, however, have not progressed
as rapidly as have electrical measurements, chiefly because of the na-
ture of sound itself. Loud speaker response measurements have been
discussed in several published articles, references to some of which will
be made in the course of this paper. The present writer’s chief aim is to
present and discuss results of measurements rather than to review meas-
uring methods. It is believed, however, that in the present state of the
art a brief discussion of the major acoustic difficully of indoor measure-
ment should be included, not only for the sake of completeness, but
to add emphasis to the precautions which must be observed in the at-

tainment of significant results. A particular ouldoor measuring ar-
rangement also will be deseribed.

* Decimal classification: R265.2. Original manuseript received by the Insti-

glétel’gl;ﬁamh 31, 1931, Presented before Toronto Section of the Institute, March
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Acoustic DIFFICULTIES OF INDOOR MEASUREMENT

The problem in loud speaker response measurements is to deter-
mine, over the frequency range, the relation between the acoustic
power that the loud speaker transmits to a specified position or region
when it is connected to the supply source for which it was designed,
and the maximum electrical power which it is possible to draw from the
supply source. In order to obtain results independent of acoustic sur-
roundings, the measurements should preferably be made outdoors un-
der rather special conditions, as will be described later. However, owing
to interference by noise, bad weather, etc., it is necessary in practice
to make most of the measurements indoors under conditions which are
designed to imitate as closely as possible those which obtain in
free space. A calibrated condenser microphone is used for picking up
the sound from the loud speaker, which is driven by an oscillator of
suitable output power capacity.

The principal acoustic difficulty in making indoor loud speaker meas-
urements is due to reflection of sound at the bounding surfaces of the
room. The disturbing effect of this is the creation of a standing wave
system which results in wide variations in the steady state sound pres-
sure in different parts of the room, and this “‘sound pattern’ shifts
about in a complicated manner as the frequency is changed. Therefore,
a microphone in any fixed position would indicate large changes of
sound pressure with frequency even though the loud speaker were ca-
pable of generating a uniform sound pressure over the frequency range
in free space. The use of a large room lined with sound absorbing ma-
terial reduces this effect but, with a reasonable quantity of any known
material and with the size rooms ordinarily available, it is still disturb-
ingly present at a normal listening distance from the loud speaker. Re-
flection at low frequencies is particularly difficult to eliminate because
of the inefficiency of the best sound absorbers in this range. For ex-
ample one-inch-thick felt having an absorption coefficient of 63 per cent
at 1000 cycles will absorb only about 12 per cent of the incident sound
at 64 cycles.

One way of overcoming the difficulties just discussed would be to
take a large number of separate observations at different points in the
room at each frequency and average them. The equivalent of this slow
and laborious procedure, however, may be better accomplished by the
method described by Bostwick,! wherein the microphone is rotated
over a circular path inclined to the axis of the loud speaker and is at the
same time constantly turned so that it always faces the plane of the

1 1. G. Bostwick, “Acoustic considerations involved in steady state loud
speaker measurements,” Bell. Sys. T'ech. Jour., January, 1929.
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speaker. The diameter of this path should, for satisfactory averaging,
be greater than and at least equal to a half wavelength at the lowest
frequency to be measured. A slow-acting meter of the thermocouple
type is chosen to indicate the output of the microphone and gives a
fairly steady average reading as the latter sweeps through the varying
sound pressures. As the microphone terminal voltages are proportional
{o the pressures on its diaphragm and the thermocouple meter deflec-
tions obey the square law, this reading is proportional to the average
of the squares of the pressures around the microphone path. This lat-
ter average is proportional to the sound energy density in the region
traversed by the microphone.

In spite of the acoustic difficulties which have been mentioned,
measurements made in a suitable room by the method above described
afford mueh valuable information, particularly of a comparative na-
ture. The effect of design changes having a relatively small influence
upon performance may readily be evaluated, as the stability of the
system in such that results may be repeated over long periods of time
with an average deviation of plus or minus one decibel.

-

Outpoor MEASUREMENTS

As mentioned before, to obtain the greatest accuracy, especially af
low frequencies, it is necessary to make response measurements out-
doors. Such measurements are especially valuable in calibrating a room
used for measurements, particularly at frequencies below the averag-
ing ability of the rotating microphone. Free space measurements are
also absolutely essential in determining the directional radiation char-
acteristics of loud speakers. Outdoor measurements have been de-
scribed by Bostwick! and by Malter,? and several interesting arrange-
ments have been suggested by Kellogg.? Many of the methods so far
disclosed, however, have been strictly suitable only for loud speakers
which radiate in one direction, such as the horn and the directional
baffle types, because the arrangements were such that disturbing re-
flections from the ground or from the supporting structures could take
place when measuring double radiating speakers. As virtually all loud
speakers in commercial radio receivers radiate from both front and
rear, some method of making accurate free space measurements of
their response characteristics is of considerable interest.

1 Loc. cit.

o Louis Malter, “Loud speakers and theatre sound reproduction,” Jour.
S. M. P. E., June, 1930.

s Edward W. Kellogg, “Loud speaker sound pressure measurements,”
Jour. Acous. Soc. Amer., October, 1930.
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Fig. 1 shows the arrangement which has been set up in a vacant lot
beside the Stromberg-Carlson factory at Rochester. The tops of the
four poles are connected by steel cables clamped together where they
cross at the center of the span, the loud speaker under test being sus-
pended from this point and securely guyed as shown. The microphone
with its associated preliminary amplifier is shown suspended from one

Fig. 1-—Outdoor loud speaker measuring set-up.

-

of the cables, a heavy iron bar being interposed in the suspension to
prevent the possible transmission of mechanical vibrations from the
loud speaker to the microphone via the tightly stretched steel cables.
The batteries for the microphone amplifier are located in the box on the
ground and connections to the measuring set-up are made over lead
covered pairs laid on the ground and terminating in low impedances.
The measuring set is located near a window in the factory about 350
feet away where a clear view of the outdoor structure and its sur-
roundings may be had. This is a convenient arrangement as the opera-
tor can check for residual noise readings when there is oceasional heavy
traflic on the adjoining street and refrain from measuring if necessary.
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The distance to the nearest building is about 300 feet and the poles
are of sufficient height to bring the axis of the loud speaker at least 35
feet above the ground. Assuming spherical radiation and a measuring
distance of 10 feet on the axis and employing the optical analogy of an
image loud speaker, the ratio of the reflected to the direct sound pres-
sure at the microphone positionis1to 7. Asmost practical loud speakers
have somewhat directional radiation characteristies, this ratio will in
most cases be more favorable. It was late last fall when these measuring
arrangements were completed and it was possible to obtain but few
data before bad weather set in. Some distinguishable but practically
negligible effects of ground reflection may be seen in the response
curves, examples of which will be shown later.

OvER-ALL ELEcTrRO-AcousTic FipELITY OF RADIO RECEIVERS

The sole physical function of a broadcast system, including the
radio receiver, is the faithful transfer of sounds from place to place. The
part of the entire radio receiver in this, aside from selection of the prop-
er signal, is strictly that of an electro-acoustic transducer; that is, it
sakes clectric power from the antenna and gonverts it into acoustic
power at the loud speaker. The efficiency and fidelity with which this
function is accomplished constitutes a useful and significant perform-
ance index; indeed, it is the only objective criterion by which the so-
called tone quality of the receiver may be judged.

Measurements of the electrical fidelity of a receiver are very useful
in development work but, except in their limiting features, offer little
information when considered alone about the over-all performance of
the receiver. It is a well-known fact that the variations with frequency
of the sound output of most loud speakers are large compared with the
departures from flatness of the fidelity curves of their associated re-
ceiver chassis but, in spite of this, we frequently find magazine writers,
advertising men, and even engincers comparing the fidelily of receivers
solely on the basis of their electrical characteristics. In the engincering
departments of many manufacturers there is no doubt that much effort
i spent, in seeuring a good-looking electrical fidelity curve in a recciver
chassis, which is then wedded to a loud speaker with an unknown and
often poor response characteristic. This inconsistency is due, of course,
to the lack of relinble loud speaker response measuvernents, and it is
boped that it will soon he abolished by the more widesprend applica-
tion of such knowledge of the subjeet as i available.

Over-all receiver measurements which show the shape of the cloe-
tro-neoustic curve may be made by combining the loud speaker response
meansuring appatatus with the standard T.1R.10. Adelity measuring sot
up. The measuring technique appears to be somewhat curabersome,
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however, and in our own work we have so far preferred to combine the
results of separate determinations of the electrical fidelity of the re-
ceiver and the response of the loud speaker, mounted in the correct
cabinet. We have defined over-all response as the ratio of the sound
pressure produced by the loud speaker under specified acoustic condi-
tions to the modulated radio-frequency voltage applied to the stand-
ard artificial antenna under standard I.R.E. test conditions. All these
data may be derived from the regular fidelity and sensitivity measure-
ments of the receiver and from the response curve of the loud speaker.
The results may be conveniently expressed in db referred to a zero level
of one bar per microvolt. (One bar equals one dyne per square centi-
meter.)

This synthetic method of obtaining the over-all curve has its ad-
vantages and its disadvantages. The separate measurements are sim-
pler in practice than the combined ones, and the results give not only
the shape of the fidelity curve but the electro-acoustic sensitivity of
the receiver as well. Disadvantages are that the over-all data are not
obtained by a single direct measurement and that the effect of possible
acoustic coupling between the loud speaker and vacuum tubes or con-
denser plates is not measured. This latter condition, however, may
readily be detected by a separate test.

A few remarks on equalization may be pertinent in connection with
this subject of over-all receiver characteristics. The type of equaliza-
tion referred to consists in the shaping of the frequency characteristic of
some portions of the system to compensate for defects in some other
portion which it may be impracticable to overcome otherwise. This was
frowned upon a few years ago when radio receivers and loud speakers
were sold separately, on the principle borrowed from wire telephony
and from broadcast practice that each portion of the system must fig-
uratively stand on its own feet. This reasoning should not apply, how-
ever, to the case of the modern radio receiver where all of the elements
contributing to the over-all frequency characteristic are inseparably
associated, and it is felt that proper fized equalization in such cases is
not only justified but highly desirable.

THE INTERPRETATION OF LoUD SPEAKER REsponse CURVES

The interpretation of response curves in terms of what one may ex-
pect to hear when reproducing speech and music under average listen-
ing conditions involves many physiological and psychological factors
concerning few of which definite data are available. Because of the
difficulties involved, there appears to be no substitute in the present
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state of the art for the actual experience gained in comparing the re-
sults of response measurements with critical listening tests.

Tt is also difficult to pass on to others the knowledge thus acquired
beeause of the inadequacy of the spoken or written word to describe
definitely such complicated sensations as are involved in audition. En-
gineers engaged in this sort of work usually become able with experi-
ence to assign approximately the frequency range covered and also the
approximate location and magnitude of the most salient features of the
response curve alter listening to a loud speaker under familiar acousti-
cal conditions and, when discussing loud speaker performance, are in-
clined to describe their conception of what the response curve would
look like rather than the auditory sensations which are evoked. There
are, however, some descriptive terms which have come into common
use and which may be related to the response curve. For instance, re-
production issaid to be “dull” or lacking in “presence” when the higher
frequencies are suppressed. On the other hand, the exaggeration of fre-
quencies in the neighborhood of 2000 cycles may produce a “hollow”
quality which is quite unnatural but which may give good speech ar-
ticulation. Extreme peaks in this region or lrigher in the frequency
scale usually give a “hard,” “harsh,” or “shrill” effect, particularly
when the low frequencies are relatively deficient. Extremely narrow
and sharp peaks in the higher frequency region may produce what, for
want of a better term, may be called a “sing” which may color the
whole reproduction. This effect is the natural consequence of a lightly
damped resonant system which is continually being shock-excited and
which contributes its characteristic transients to the speaker output.
Peaks in the upper part of the frequency spectrum also have the effect
of increasing the “hissing” or “swishing” tvpes of background noise
associated with radio and phonograph reproduction. Among those who
have not had the opportunity of comparing listening tests with the re-
sults of measurements, peaks in the region around 3000 cycles may
create the erroneous impression that a loud speaker has an extended
high-frequency range when, in reality, its response may fall off sharply
above, say, 3500 cycles.

Peaks in the lower frequency region in the neighborhood of 100-200
cycles produce the all too familiar “boomy” or “tubby” effect, particu-
larly when associated with the rather common condition of lack of the
higher frequencies. Extreme peaks in this region are responsible for
a distressing “thump” sometimes heard when reproducing piano, ket-
tle drums and the lower plucked strings. A loud speaker with a large
peak at the lower end of the frequency range, another at the high end
and with an extended depression in the middle range produces a pe-
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culiar effect. Critical listening tells one that both high and low frequen-
cies are being well reproduced, but that there is an obvious deficiency
somewhere. Lack of “fullness” is fairly descriptive of this tone quality.
Loud speakers having an extended series of high peaks in the lower and
middle ranges were found to produce, on speech, a confused effect some-
what similar to that experienced in listening to normal speech in a very
reverberant room. The response curve of such a speaker will be shown
later.

In connection with the interpretation of response curves it is inter-
esting to note that the ear apparently is able to discriminate to a con-
siderable extent between effects due to the dynamical characteristics of
a loud speaker and some of those due to the listening room itself. A re-
sponse curve taken in an ordinary room at a fixed position with respect
to a loud speaker bears little resemblance to one taken by the rotating
microphone method in a heavily damped measuring room. The irregu-
larities are so numerous and of such magnitude as almost completely
to obscure those disclosed by the regular response measurement, and
are subject to decided change with any substantial shift in the micro-
phone position. In spite of these facts, however, one may listen to the
loud speaker from almost any normal position in the room without
noticing much change in the characteristic quality of the reproduction.
Furthermore, it appears that with practice, one is able to predict the
outstanding features of the regularly taken response curve equally well
anywhere within the normal range of listening positions. This seems to
justify the validity and usefulness of response measurements made
under the special conditions necessitated by acoustic difficulties, as op-
posed to those made under the more nearly normal listening conditions
suggested by some.

ExPERIMENTAL RESULTS

The response curves of Figs. 2 to 8 were based upon indoor meas-
urements made in a heavily damped room 15X22 X 11 feet high. The
absorbeunt lining consisted of 1-inch hair felt, the walls, floor, and ceiling
being completely covered. Additional short strips of felt were suspend-
ed from the ceiling and longer, twisted strips were hung around the
walls.* The reverberation time at 512 cycles was 0.1 second as calcu-
lated by the Eyring formula.® The orbit of the rotating microphone was
inclined at an angle of 45 degrees to the axis of the loud speaker and
was 8 feet in diameter, thus setting the theoretical low-frequency limit
for good averaging at about 70 cycles. The center of the microphone

¢ Graham and Olney, “Engineering control of production,” Proc. I. R. E.,

August, 1930. ) . ] ]
¢ Carl F. Eyring, “Reverberation time in ‘dead’ rooms,” Jour. Acous. Soc.

Amer., January, 1930.
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orbit was located 10 feet distant from the loud speaker and on the axis
of the latter, and 4 feet 6 inches from one end of the room. This was
about as far from a wall as it was feasible to locate the rotator center
on account of the size of the room and the necessity for maintaining a
reasonable measuring distance and at the same time providing suffi-
cient space for setting up large horns. About 10 frequency points per
octave were taken. The reference level was 1 volt, 1 ohm, and 1 bar as
proposed by Bostwick.! The condenser microphone was mounted in a
6-inch spherical housing and corrections were applied both for diffrac-
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Fig. 2—Response of 8-inch cones with different types‘of corrugation. Measured in
53 X 53 inch flat baffle and in the same field structure. Points below 65 cy-
cles not shown because of measuring conditions.

tion of sound around the microphone® and for resonance in the cavity

in front of its diaphragm,” assuming normal incidence of the waves. A

low-pass filter always was included in the measuring circuit so that only

the fundamental output of the loud speaker under test was indicated.

In the outdoor measurements whose results are given in the curves
of Figs. 9 and 10, the loud speaker was located as shown in Fig. 1, with
the microphone placed 10 feet distant and on the sound axis. The
measuring apparatus and the microphone corrections were the same as
for the indoor measurements.

The measuring conditions having been stated, we may now proceed
with the presentation and discussion of the results. In Iig. 2 is shown
the importance of the form of corrugations employed for controlling
the resonances which occur in cones at the higher frequencies where
they fail to act as rigid pistons. The two cones were of practically iden-
tical construction and material and the corrugations were of the same
number and spacing, the only difference being in their shape. On a com-
parative listening test loud speaker 4 was judged to give more natural

! Loc. cit.
6 Stuart Ballantine, “Effect of diffraction around the microphone in sound
measurements,” Phys. Rev., 32, 988, 1929; Proc. 1. R. E., July, 1930.
7 W. West, “The presgures on the diaphragm of a condenser transmitter in a
simple sound field,” Jour. I. E. E. (L.ondon), April, 1930.
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reproduction than loud speaker I3, the latter appearing to introduce
considerable transient distortion in the upper frequency range as mani-
fested by a pronounced “crackly” effect on loud music. Without reli-
able response measurements, the location of the cause of such a fault
and its correction would be difficult and uncertain matters.

Fig. 3 shows a comparison between the response of a loud speaker in
a 53 X 53 inch flat baffle and in a console-type radio cabinet in which
attention has been paid to the acoustic features. Curve B, taken with
the cabinet several feet away from a wall shows by its comparative
smoothness in the lower frequency region, a freedom from pronounced
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Fig. 3—Response of electrodynamic cone speaker in flat baffle and in commercial
receiver cabinet. Points below 65 cycles not shown because of measuring
conditions.

resonances in the cavity behind the loud speaker or in the walls of the
cabinet itself. Curve C shows the detrimental effect imposed by the
condition of ordinary use, namely, the rear of the cabinet placed close
to a wall. The peak at 150 cycles is undoubtedly due to resonance in the
now more completely enclosed space behind the loud speaker. The
bottom of this cabinet was left entirely open in order to minimize this
effect, which is decidedly more pronounced in cabinets with closed bot-
toms.

The curves of I'ig. 4 are interesting in view of the popular idea, ex-
pressed in numerous magazine articles and advertising statements,
that the limiting effect of a baffle in the reproduction of the lower fre-
quencies depends only on the length of circulation path from front to
rear of the loud speaker diaphragm. Three baffles were constructed
to the dimensions given in the figure, all three having the shortest dis-
tance from front to rear of the diaphragm the same (48 inches) but hav-
ing different face areas. The same loud speaker was measured in each of
these baffles. It will be noticed that, as the face area is decreased, the
low-frequency response falls off markedly and, as the depth of the box
isincreased, the effects of cavity resonance become evident in the peaks
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which appear in the curves. In the case where the depth of the box ex-
ceeds its side dimension an extended series of peaks is produced, as
shown in curve C.

The effect of carrying the depth of a box bafHle to extremes as com-
pared with the face dimensions is shown in Fig. 5 where the baffle takes
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Fig. 4—Response of electrodynamic cone speaker in three baffles having same
circulation path length. Points below 65 cycles not shown because of meas-
uring conditions.

the form of an organ pipe. The response curve df the same loud speaker

in a flat baffle is shown for comparison. The large variations in re-

sponse caused by air column resonance within the pipe are to be noted,
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Fig. 5—Response of electrodynamic cone speaker in a 53 X 53 inch flat baffle
and in a 60 X 13 X 13 inch tubular baflle. Points below 65 cycles not shown
because of measuring conditions.

particularly the change of 29 db between 90 cycles, the fundamental
note of the pipe, and 130 cycles. It is interesting to observe that most of
the peaks fall at frequencies somewhat higher than those corresponding
to harmonics of the fundamental tone, in view of the fact that in pipes
which are wide (from the organ builder’s point of view) in comparison
with their lengths, the overtones are always sharp. This is the loud
speaker referred to hefore, which gave the effect of excessive room
reverheration in reproducing speech.




1124 Olney: Loud Speaker Response Measurements

In Fig. 6 is shown the effect of cabinet size and construction upon
the response of a high-grade loud speaker. Curve 4 is that of the
speaker in a substantially constructed console cabinet without a bot-
tom, it being the same one shown in Fig. 3, curve C. Curves B and C
(Fig. 6) were made with the loud speaker housed in progressively
smaller open-backed boxes built of 1/2-inch lumber and having the
speaker opening located near the top of the front face to simulate the
smaller type cabinets now so common. The loss of low frequencies re-
sulting from restricted baffle area and the peaks caused by acoustic
resonance in the boxes and by vibration of the sides may readily be
noted.

Curve D (Fig. 6) is of the same loud speaker mounted in a “midget”
receiver cabinet with sides and top made of 1/8-inch bent plywood and
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Fig. 6—Response of electrodynamic cone speaker in different size cabinets.
Points below 65 cycles not shown because of measuring conditions.

having a front panel 1 /4-inch thick. The extreme loss of low frequencies
as compared with the console cabinet of curve A is strikingly evident.
This small cabinet was measured with the grille cloth removed, as the
cloth which is regularly mounted in it, was of such close weave that it
produced an average measured loss of about 10 db. The boxes of curves
B and C, Fig. 6, had no grille cloth over the speaker opening. The re-
ceiver cabinet of curve A was measured with its grille cloth in place but
the weave was so open that a hardly measurable acoustic loss resulted.

{t sometimes is suggested that the low-frequency response of these
small receivers may be made equivalent to that of full size consoles by
equalization in the audio amplifier. Considering the approximately
10-db difference between curves A and D in the region under discus-
sion, this means that it would be necessary for the output tubes in the
smaller receiver to deliver 10 times the power of those in the larger one
for equal sound output in the low-frequency range. It also means that
the diaphragm of the loud speaker in the smaller cabinet would have
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to be driven at more than three times the amplitude of the other. As
both tubes and loud speakers are being worked close to their maximum
power handling capacity in this frequency range in even the larger re-
ceivers, the impracticability of this suggestion with present apparatus
is evident. It should be borne in mind that the same highly developed
loud speaker was employed in all the above cases, the object being to
demonstrate only the effect of the cabinet.

In an over-all comparison of a high-grade, full size receiver with a
“midget” set, the latter is at a greater disadvantage than is shown in
the curves or indicated in the previous statements because it usually is
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Fig. 7—Qver—a11 response curves of two radio receivers. Points be-
low 65 cyecles not shown because of measuring conditions.

fitted with a much less efficient loud speaker of small size and has an
audio amplifier of lower power handling capacity. The smaller size of
the loud speaker diaphragm also increases the amplitude of motion
necessary to generate low-frequency sounds and makes even more im-
practicable their satisfactory reproduction by the suggested equaliza-
tion.

In Fig. 7 are shown the over-all response curves of two radio re-
ceiversin cabinets of the dimensions given. Curve 4 is of a receiver in a
full size console cabinet. Curves B and C are of another receiver in a
small size console cabinet. Note the stronger low-frequency response of
the receiver with the larger cabinet. The larger cabinet also is fitted
with a better loud speaker, as is indicated by the smoother response
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curve, particularly in the higher frequency region. Both the loud
speaker and the electrical circuits of the receiver of curve B contribute
to the sharp cut-off above 3000 cycles that occurs even when the tone
control, that is provided on this receiver, is set to the position giving
the maximum frequency range. Note the enormous frequency distor-
tion and the limited frequency range disclosed by curve C, taken with
the tone control set to the position giving maximum low-frequency em-
phasis. The natural character of voices and musical selections is com-
pletely lost with this setting, as the higher fundamental tones and a
great proportion of the overtones are obliterated and, in what remains,
the lower frequency components are greatly exaggerated with respect
to the higher ones.
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Fig. 8—Response of same cone with copper and with aluminum driving coils.
Measured in 53 by 53 inch flat baffle. Points below 65 cycles not shown
because of measuring conditions.

In most receivers which are sufficiently selective to meet present-
day conditions, the high-frequency response is limited more by the
electrical circuits of the receiver than by the loud speaker itself. Radio
loud speakers having considerably better high-frequency response than
those ordinarily available may be had by the use of lighter driving coils.

Fig. 8 shows the response curve of an experimental loud speaker in
which the usual copper driving coil was replaced by an aluminum one
of the same size. The curve of the same loud speaker with the copper
coil is shown for comparison. The same cone was used in both cases.
It will be noted that there is no substantial change due to the lighter
coil except over that portion of the frequency range wherein the cone
breaks down into flexural wave motion. This is to be expected because
the reduction in the calculated mechanical driving point impedance,
considering the diaphragm rigid and including its acoustic load in an
infinite baffle amounts, at 100 cycles, only to about 10 per cent, and
changes the approximately 87-degree phase angle by less than 1 de-
gree. At frequencies above 1000 cycles, however, where wave motion
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takes place, it is reasonable to expect that less thap tbe ent{re mass of
the cone is in active vibration and also that the radl‘a‘mon resistance per
unit area is close toits ultimate value. Under these cu*cumstanqes the re-
duction in driving coil mass obviously would be more effective in tl}tz:«
creasing the efficiency of the loud speaker. It appears also frqmt. e-
change in shape of the upper portion of the c‘}lrve.that the substitu Tl‘ck)ln
of the lighter coil affected the modes of vibration of the cone. e
aluminum coil loud speaker gave substantially improvgd quah’?y of re-
production even when operated from a fairly selective receiver, al(;
though, of course, it also raised the level of hissing types of background

noise.
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Fig. 9—Comparison of indoor an(l. outdoor response
measurements on electrodynamic cone speaker,

In Fig. 9 is shown a comparison between indoor and outdoor meas-
urements made on the same loud speaker under conditions described
earlier in this paper. The discrepancies between the two curves will
bear some explanation. The peak at 50 cycles in the indoor curve is due
to the large dimensions of the standing wave pattern in the room as
compared with the size of the region swept over by the microphone,
thus preventing a true average from being obtained. This peak was
present in the original indoor curves of all of the loud speakers shown
in this paper whose response extended sufficiently low. In the published
curves, poinls below aboul 65 cycles were omilled, when oblained al all,
because of this effect peculiar Lo the measuring condilion.

The next major discrepancy is the depression in the outdoor curve
reaching a response minimum at, 460 cycles. This minimum oceurred ag
the same frequency when the measuring distance was increased to 15
feet. It is caused by interference at the microphone position hetween
the sound coming from the front of the loud speaker and that diffracted
around the baflle from the rear of the diaphragm. The waves start from
the front and rear of the diaphragm in phase opposition and if the dis-
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tances which they traverse in reaching the microphone differ by an
integral number of wavelengths, the pressures at the microphone will
oppose and a response minimum will be indicated. When the distances
differ by an integral number plus one-half wavelengths, the pressures
will add and a response maximum will be produced.
In mathematical form, the condition for
di — ds

minimum pressure is —

= N, an integer, (1)

di—d
and for maximum pressure is % =N+ 1 (2)

where d; and d; are the distances and X is the wave length. These rela-
tions are often more convenient when expressed in the following form
obtained by substituting ¢/f for \ in the above equations, ¢ being the
wave velocity, and f the frequency:

¢
f = N<d ; > at a pressure minimum, (3)
1 — W2

andf=N+%<

> at a pressure maximum. 4)
1 — W2

The lowest frequency at which this effect can occur is obviously
that obtained by taking N equal to unity. Theoretically there should
be a succession of minima and maxima starting at this frequency and
continuing throughout the range of the loud speaker. In the practical
case, however, the radiation becomes so directional at the higher fre-
quencies that the effect of the sound from the rear is negligible at the
microphone position. In curve B of Fig. 9 the first maximum which
should theoretically fall at 690 cycles may be indicated by the rise
centering around 700 cycles. This is more or less masked by the suc-
ceeding depression which is caused by an antiresonance iA the dia-
phragm itself. None of the succeeding theoretical minima and maxima
may be detected with any certainty.

It is interesting to compute the distance traveled by the wave from
the rear of the diaphragm by solving (3) for d;. Taking f equal to 460
cycles, N as 1, ¢ as 1130 feet per second, and d; as 10 feet, d; comes out
12.5 feet. The shortest possible distance over which the sound from the
rear could reach the microphone by bending sharply around the edge
of the baffle is 11.8 feet. Considering that the microphone position was
uncertain in any direction within probably an inch or two and that the
flow lines of the sound may not bend sharply around the baffle edges,
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the agreement between the above values for d; may be taken as good
evidence that the cause of the minimum at 460 cycles has been cor-
rectly assigned. The reason that the frequency at which this depression
occurred did not shift appreciably when the measuring distance was in-
creased is that the difference in the lengths of the two paths was changed
only slightly thereby.

The greater high-frequency response indicated by the outdoor
curve is casily explained. It is well known that the radiation at high fre-
quencies from diaphragms of the size commonly employed in bafile-
type speakers is quite directional, being concentrated in a beam along
the axis of the cone. In the outdoor measurement, the microphone was
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Fig. 10—Outdoor response curves of electrodynamic cone
speaker in different size flat bafles.

Jocated directly in the path of this beam while in the indoor test the
rotating microphone subtended a comparatively wide solid angle of
the radiation and never actually crossed the beam. The results of the
two methods therefore are not directly comparable.

In Fig. 10 is shown a comparison between outdoor measurements
at the same microphone position on a loud speaker mounted in a 48 X48
inch and in a 30X 30 inch flat bafle. Note the marked reduction of
low-frequency response with the smaller baffle. The measurements in
both cases were carried down to as low frequencies as the limitations of
the testing apparatus would permit. In the case of curve B, the first
minimum due to interference between the sound coming from the two
sides of the speaker occurs at 800 cycles. The distance traveled by the
back wave, calculated in the same manner as for the previous case of
the larger baffle, is 11.8 feet compared with the shortest possible path of
approximately 11.0 feet, the difference in these values being about the
same in magnitude and direction as for the larger baflle.

The humps in both curves below 200 cycles appear to be caused by
reflection from the earth and by their smallness indicate that this dis-
turbing factor has been reduced to a practically insignificant magni-
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tude. Considering the loud speaker as a single point source of sound and
assuming a similar image loud speaker located 70 feet below it in free
space to represent the effect of reflection by the earth, the first theo-
retical interference maximum would occur at about 19 cycles and other
maxima would appear at this frequency interval throughout the range
where earth reflection was effective. It is interesting to observe that in
most cases these minor humps follow approximately the above fre-
quency spacing. The measurements were made only to the nearest de-
cibel which may account for the discrepancies. The agreement between
curves A and B above 1000 cycles is thought satisfactory for this class
of measurement, considering a certain amount of uncertainty in the
relative location of the loud speaker and microphone and the fact that
a period of seven days elapsed between the two tests.

Any single free space response measurement of a loud speaker which
does not radiate uniformly at all frequencies, made with a fixed rela-
tion between loud speaker and microphone, is of more or less limited
value. An interesting possibility in connection with the outdoor set-
up described and one which, in a single response curve, would furnish a
maximum of useful information regarding the performance of a loud
speaker, is the taking of a free space response average over a region rep-
resentative of a range of listening positions, somewhat as is done in-
doors by means of the rotating microphone. In the outdoor set-up, a
convenient and practicable arrangement might be to place the micro-
phone in a fixed position on the sound axis and then to oscillate the
loud speaker slowly through a suitable angle about its vertical axis. The
mechanical arrangements involved should not be as difficult or as cum-
bersome as those required in the indoor set-up and by the addition of a
scale and pointer which could be read from the ground and the provi-
sion of proper controls for the driving motor, would also be convenient
for taking directional distribution curves. The thermocouple and long-
period meter would, of course, be used as a response indicator in the
oscillating measurements.

-

CoNcLusioN

It is thought that acoustic measurements have now been developed
to the point where sufficient information is available to permit signifi-
cant and useful loud speaker tests to be made. While the difficulties
surrounding this type of measurement are numerous and there is con-
siderable danger of misleading results unless proper precautions are ob-
served, improvement in methods is bound to come as more workers ac-
cumulate experience in this field. The experimental curves presented
in this paper are indicative of how valuable such measurements may be
to engineers.
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INTRODUCTION

INCE the early use of a headphone at the base of a horn for a
S loud speaker, the demand for higher output power from an audio

system has steadily increased. This demand for higher power has
been met mainly by the development of tubes for higher plate dissipa-
tion and lower plate resistance. As a result of such development, the
245-type tube is the most commonly used vacuum tube for output
systems. Other output tubes are very closely related to the 245 tube
in so far as amplification constant and plate resistance are concerned
and differ principally in rated plate dissipation and plate voltage for
various output levels.

These low plate resistance tubes developed primarily for audio out-
put systems are intended to operate as class “A” amplifiers. To increase
the output of such systems, it is necessary to resort to higher plate
dissipation and usually to higher plate voltages, both of which are
expensive to incorporate in the construction of a vacuum tube.

The purpose of this paper is to present a method by which audio
outputs five to ten times the usual output of a tube of a given size may
be obtained with the same plate voltage, lower average plate dissipa-
tion, and no serious effects on the tube. The above results are obtained
by using the tubes in such a manner that advantage is taken of the
essential features of the class “B” amplifier.

An amplifier of this type! was developed for use as a source of high
audio power for plate modulation of a broadcast station and may be
applied to any system requiring a relatively high audio output from a
minimum of equipment.

A discussion of the class “A” and class “B” amplifiers with dia-
grams illustrating the operation of each class will be given to set forth
some of the essential operating features of these amplifiers.

Crass “A” AMPLIFIERS

The class “A” amplifier as indicated above, is used almost exclu-
sively for audio output systems in which the output is aperiodic. This
* Decimal Classification: R132. Original manusecript received by the

Institute, March 25, 1931. Presented before Sixth Annual Convention of the
Institute, Chicago, Ill., June 5, 1931.

1 Lo”y E. DBarton, “A plate modulation transformer for broadecasting
stations”, University of Arkansas Enginecering Ezxperiment Station Bulletin No. 8.
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type of amplifier is also used in radio-frequency amplifiers in which
the output of plate circuit is tuned for selecting the desired frequency.

The diagram in Fig. 1 represents the instantaneous plate and grid
voltages and plate current for a condition of essentially maximum

%
CATHOOE

Fig. 1-—Diagram of instantaneous voltages and currents for a class “A”
amplifier.

output power of a class “A” amplifier into a tuned or untuned circuit,
with a resistance load expressed in terms of the values indicated on
the diagram as:

Ep'm g -
= R, or load resistance.
Iom
In which
E,» = maximum a-c plate voltage : (1)

I,» = maximum a-c plate current.

The plate voltage is represented by the broken line By, the plate
current, by the broken line, Is, and the grid voltage (normally nega-
tive) by the broken line E..
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The power in the above case for sinusoidal waves is limited by the
minimum plate current and may be calculated as follows when I,m
is somewhat less than I,.

0.707E »n X 0.7071,, = power output (2)
E, X I, = power input. (3)

The plate circuit efficiency from (2) and (3) is given by the follow-
ing relation:
0.5EpmIpm

= efficiency. (4
B, y )

If E,. approaches Ey as a limit and I,» approaches I, as a limit,
the efficiency is 50 per cent for sine wave outputs.

The above expression for power output is independent of the re-
quired grid swings and internal plate resistance of the tube as long as
a particular grid swing will cause the same maximum pulsating plate
current through a resistance equal to the calculated value of R,. In
order that I, equal a constant for tubes differing only in plate resist-
ance and amplification factor, E.; must be nearer zero for high plate
resistance tubes and the grid potential may need to swing considerably
positive to obtain a constant a-c¢ plate current maximum I,n. It is ob-
vious that power will be necessary to maintain an undistorted voltage
wave on the grid when it swings positive.

Load resistance curves for two tubes as class “A” amplifiers, differ-
ing only in plate resistance and amplification constant, are given in
Figs. 2 and 3. These load curves are used in preference to the usual
plate voltage plate current family of curves for output calculations be-
cause certain features of the class “A” amplifiers are revealed that are
not commonly recognized and this type of curve is particularly adapted
to output calculations for the class “B” audio amplifier. These curves
are drawn for the same load resistance in a circuit as shown in the figures
and the plate current is adjusted to 20 ma in the two cases by the
proper grid voltage with 400 volts on the plate. The voltage drop in
the load resistance R, due to the plate current is compensated for
by increasing the plate voltage supply. Referring to Iig. 1, the plate
voltage represented by F, is 400 volts and the plate current repre-
sented by I is 20 ma. Therefore, the plate dissipation for each of the
two tubes is the same.

The grid potential is varied about the voltage line required to
obtain 20 ma with 400 volts on the plate and the corresponding plate
current is plotted. The load resistance R, is adjusted to such a value
that the maximum increasc in plate current over the straight portion
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of the curve is equal to approximately the maximum plate current
decrease for equal grid swings about the starting grid potential. It will
be noted that in each case the grid must be driven positive if the above
plate current condition is obtained. If the grid cannot be driven posi-
tive, the grid voltage for the 20 ma plate current for the given plate
dissipation would have to be more negative so that a grid swing to
zero will give the above plate current change. Such a bias will require
a tube of the same type as the two tubes chosen but with a lower"
plate resistance and lower amplification constant.

It will be noted in the above cases, that the maximum plate current
change above and below the 20-ma line is approximately 18 ma before
the curve bends appreciably at either end. Therefore, the a-c power
dissipated in R,, which is 15,000 ohms for all cases, is obtained from

(1) and (2).
0.5 I[,n°R, = 2.43 watts. (5)

In which 7,, =18 ma
R, = 15,000 ohms.

The plate dissipation at no signal and input power with signal is:
Eb Ib =8 watts.

Therefore, the plate circuit efficiency for the above case is:

2.43
T = 30.3 per cent.

In Fig. 2, the grid swings to a peak of 10 volts positive with a peak
grid current of 3 ma,which represents a minimum instantaneous input
resistance of approximately 15,000 ohms. This input resistance is based
upon the peak grid current for the required voltage swing from the
starting grid potential. Therefore, the peak instantaneous input power
required of the driver is the product of grid voltage swing and the
maximum grid current. Since the resistance of the input circuit over
most of the cycle is very high and the resistance represented by the
grid current curve is approximately 3000 ohms, the driver resistance
must be sufficiently low to deliver the above peak power over a part
of the input cycle without seriously affecting the wave shape of the
input voltage. It will be noted that at 18-ma increase in plate current
for this tube, the curve is still straight so that a power slightly above
the 2.43 watts may be obtained if a slightly higher resistance is used.

In Fig. 3, the grid swings to a peak of 20 volts positive with a peak
grid current of approximately 7.5 ma, which represents a minimum
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instantaneous input resistance of about 3000 ohms as calculated above,
and the resistance from the grid current curve is approximately 2900
ohms. The peak input power is about the same as required by the tube
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Fig. 2—Load characteristic of the UX-210 as a‘class “A” amplifier.
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Fig. 3—Load characteristics"of the UX-841 as a class “A” amplifier.

in I'ig. 2, but because of the fact that the power is required over a larger
part of the input cycle, it is somewhat easier to supply an undistorted
wave to the grid.
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If the tubes represented by Figs. 2 and 3 are operated ina push-
pull amplifier connected as indicated in Fig. 4, the output transformer
primary impedance from plate to plate is 30,000 ohms, the power out-
put will be doubled and the problem of driving the grids becomes less
difficult because the input resistance is more nearly constant over the
entire cycle. This statement applies particularly to two output tubes
operating at low bias so that one grid or the other requires grid current
at all times. This flow of grid current through one side or the other of
the input transformer secondary reflects to the primary of this trans-
former an essentially constant impedance into which the driver tube
works.

It will ‘be noted from Figs. 2 and 3 that the slope of the grid-
current curve is nearly the same for the two types of tubes. This

| i?

'} ‘_H_

1

GRID RETURN t'
TO FILRMENT | -£,—

Fig. 4—Circuit for push-pull class “A” amplifier or for class “B”
audio amplifier.

means that the effective series resistance of the source driving the am-
plifier must be considerably below the minimum value of input resist-
ance if it varies considerably over the cycle as indicated in Fig. 2.
Since the grid voltage swing for the tube in Fig. 2 is great, a driver
capable of supplying considerable power must be used. Therefore, the
higher amplification constant tubes are much more desirable if the
grids are to be driven positive.

Since the input systems for the above tubes operating in a push-
pull manner must be low impedance, a lower load resistance may be
used which in turn, permits higher plate-current swings at the expense
of added distortion, but with no greater plate dissipation. This in-
creased plate current permits a much greater power output with a per-
missable increase in distortion.

From the above discussion, it is evident that for an undistorted
input wave, the output load resistance for maximum power output is
a function of the plate current and plate voltage and is essentially
independent of plate resistance and amplification constant provided
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the grid swing is not limited. For example, in the above cases, the
maximum plate current increase was 18 ma through a resistance of
15,000 ohms. The increased drop in the resistor is the product of these
values which is 270 volts and the voltage at the plate for the increased
current is only 130 volts. Consequently, a class “A” amplifier power
output is limited essentially by plate dissipation and plate current
change so that the value of load resistance is determined by the mini-
mum plate voltage required at the maximum positive swing of the grid
to permit a plate current of approximately 190 per cent of normal
plate current.

The plate resistance was measured for each of the tubes under the
conditions of bias and plate voltage as indicated above and is noted in
each figure. Although the maximum output power into a definite load
resistance is about the same for both the tubes, the regulation of the am-
plifier output under varying load resistances is a function of the load
resistance and the internal plate resistance of the tube. Therefore, if a
load resistance for optimum power output is used and the excitation
is constant, the output voltage will be nearly constant for very low
resistance tubes for small changes in load resistance. If, however, the
plate resistance in the above case is very high with respect to the same
load resistance, the output current will be nearly constant for small
changes in load resistancc.

Crass “B” AMPLIFIERS

A diagram similar to Fig. 1 is shown in Tig. 5 for the class “B”
amplifier. The grid potential K for this type of amplifier is such that
the plate current without signal is essentially zero as represented by
the broken line I,. No plate current flows during the negative swing of
the signal but the plate current is essentially proportional to the in-
stantaneous value of the grid voltage on the positive swings. There-
fore, the output voltage is essentially proportional to the input voltage
during the positive half of the input cycle and the peak plate current
ic limited only by the emission, the load resistance, and plate voltage.

The load resistance for this amplifier is calculated as with the
class “A” amplifier which is:

Eon

= R, load resistance.
pm

The power output for a condition as represented is:

0.707 Epm X 0.707 Ipm

= power output. (6)

2
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The efficiency of this amplifier is given by:
0.707 Epm X 0.707 I,
2

0.637 I,m E
2

= efficiency. (7)

If E,, approaches E, as a limit, then the efficiency becomes 78.5
per cent for half-sine-wave outputs.

CATHODELL =L = 7= § 5 — — > — — = — — o = = — = - -

£

/

Fig. 5—Diagram of instantaneous voltages and currents for a class
“B” amplifier.

-

If the output is tuned to the frequency of the input, the output
voltage or E, will be nearly sinusoidal but if the output is not tuned,
only the half wave during plate current flow will be sinusoidal. As
stated above, the maximum plate current I,,, is only limited by emis-
sion, load resistance, and plate voltage. Therefore, the value of the
above expression for power may be several times the output power
of a tube limited in plate current swing when operating as a class “A”
amplifier. This type of amplifier with tuned radio-frequency output is
commonly used as the output amplifier for radiophone transmitters
and has a plate circuit efficiency on peak outputs of 50 to 70 per cent.
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Crass “B” Aunio AMPLIFIERS

The class “B” amplifier as explained above, is a tuned radio-fre-
quency system and is not useful as represented for an audio output
amplifier. However, if advantage is taken of the fact that the output
during one-half of a cycle into an untuned load is essentially sinusoidal
for a sinusoidal input, another similar tube may be used in such a man-
ner that an undistorted output may be obtained. The circuit for such
an amplifier is shown in Fig. 4.

A typical push-pull output circuit is used for the class “B” audio
amplifier with certain deviations from the commonly used class “A”
push-pull amplifier. The grid return to the filament in Fig. 4 is con-
nected through the correct potential to limit the plate current of the
tubes V, and V, to essentially zero. The impedance ratio of the input
transformer T is such that the reflected resistance on the primary,
when the grids of V, and V, are driven positive, is high compared to
the internal resistance of the driving source represented by R, as ex-
plained for class “A” amplifiers when the grids are driven positive.
This relation of the internal resistance of the driver compared with
the minimum reflected resistance of the grids of ¥, and V. reduces the
distortion of the voltage applied to the grids of these tubes.

When the grid of one tube swings in a positive direction from its
d-c value, the plate current for that tube increases with the swing and
flows through one-half of the output transformer primary. The output
voltage for this half cycle bears a linear relation to the input voltage.
At the beginning of the next half cycle, the above tube becomes idle
because its grid becomes more negative and the other tube functions
in a manner similar to the first tube, except the plate current flows in
the other half of the output transformer primary and the output volt-
age is 180 degrees out of phase with the first half wave. These two out-
put waves then will form a wave similar to the input wave with no
distortion if the plate current and grid voltage have a linear relation,
This relation of plate current and grid voltage is not quite linear as
will be seen from the grid voltage plate current curves, but by proper
precautions, the distortion can be reduced to a point that is not ob-
jectionable.

It should be noted that the input transformer delivers current to
the grids of the output tubes from only one side of the secondary at
any particular instant which must be considered in the design of this
transformer. It should also be noted that the entire output power must
be transferred from only one side of the output transformer primary
during each half cycle. Therefore, the load im pedance the tube is work-
ing into is calculated as if only one tube is supplying the total power
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from one side of transformer primary but in calculating plate dissipa-
tion, each tube functions for one-half the time so that the total plate
loss is divided between the two tubes.

The plate current input to the output tubes resembles a true full-
wave rectified current, the frequency of which is double the frequency
of the signal. Therefore, the power input to the plates of the output
tubes is:

) 0.637 I, E, = power input
in which
I,» = peak plate current (8)

0.637 I,, = I, or average plate current.

The output power from (6) is:

I,.’R,
5 = power output for two tubes (9)
and,
IP”‘QRP o
—————— = efficiency. (10)
1.274 [, Es

Load resistance curves similar to the load curves for class “A”
amplifiers were taken for several tubes adapted to class “B” audio am-
plification. As was noted above, the plate current is not limited asin
the class “A” amplifier so that a load resistance for maximum power
output is such a value that the limit of emission is approached. The
minimum instantaneous plate voltage and the allowable plate dissipa-
tion are also factors which determine the load resistance. No allowance
for plate voltage drop due to the load resistance was made in taking
data for the load curves because the plate current for zero signal is
nearly zero.

The peak plate current at a point on the desired load curve which
is within the permissible distortion limit is used to calculate the output
power of two tubes operating as a class “B” audio amplifier."This value
of peak plate current and the corresponding load resistance are uged
in (9) to obtain the power output of two tubes operating as a class “B”
audio amplifier. The input plate power is calculated by using (8) and
the plate circuit efficiency by (10).

The input resistance of the amplifier is more or less indefinite as
with the class “A” amplifier with the grids driven positive, but a mini-
mum value can be obtained from the grid current curves to indicate
the input series resistance that may be permitted for a given distortion.
The minimum input resistance is calculated from the maximum grid
current and the voltage swing required for this current, however, the
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slope of the grid current curve must also be considered because if this
resistance represented by the slope of the curve is low compared with
the effective grid series resistance, considerable distortion will result
This is especially true if the operating bias is considerably negative
as it would be for the medium and low amplification factor tubes.
If the grid current curve has a negative resistance, a condition for
oscillation will occur over a small portion of the input cycle if the
cffective series input resistance is large compared with the negative
resistance. A low negative input resistance produces an effect similar
to a rattle and is not a harmonic of the input signal.
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Fig. 6—Load characteristics of the UX-210 as class “B” audio amplifier.

The tubes used for the curves in Figs. 6 and 7 are the same tubes
used respectively for the curves of Figs. 2 and 3. These identical tubes
were used for the class “A” amplifier load curves and the class “B”
audio-amplifier curves so that a direct comparison could be made in
the operation of these amplifiers.

The standard UX-210 tube as represented in Fig. 6 has a peak plate
current of approximately 170 ma without serious deviation from a
line through the straight portion of the curve for the 2000-ohm load
curve. Another load curve similar to the upper curve is drawn below
the zero plate current line and with a reversed grid voltage scale. This
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curve represents another tube connected in a push-pull manner with
the tube above the zero plate current line and is placed in such a posi-
tion that a line drawn through the straight portion of the upper curve
also passes through the straight portion of the lower curve. The point
through which this line passes on the zero plate current axis is the
proper bias to use for minimum distortion if the two tubes are similar.
The above load is the load per tube during the time it operates so that
the plate to plate impedance of the output transformer is 8000 ohms.

The above values of plate current and load resistance are used in
(9) to calculate power output.

0.5 I,,2 R, =28.9 watts output

Plate power input as calculated from (8) is:

0.637 I, E, =54.15 watts input.
The plate circuit efficiency is:
28.9/54.15 =53.4 per cent.

The plate loss for full power output is 25.25 watts for the two
tubes and is essentially constant to an output power of about 30 per
cent of the maximum below which it begins to decrease rapidly. This
variation in plate loss with respect to the power output is obvious from
(10) which indicates that the plate circuit efficiency is a direct function
of the peak plate current.

The above calculations are based upon no distortion of the input
sine-wave signal when the grid swings positive. Since the input resist-
ance is a variable it is only possible to reduce the distortion to a prac-
tical minimum by the proper design of the driver. The peak grid swing
for 170 ma in a 2000-ohm load is 75 volts positive from a bias of 58
volts or a total swing of 133 volts. The peak grid current is 15 ma so
that the minimum input resistance is approximately 8800 ohms, and
the peak instantaneous power is 2 watts which must be supplied with-
out affecting the input wave seriously. The resistance as calculated
from the slope of the grid current curve is approximately 5000 ohms.

The above information indicates that if only a small amount of
distortion is permitted, the series input resistance to each grid should
be approximately 20 per cent of the minimum input resistance or about
1000 ohms because the difference in the above resistances is great. If
the effective input series resistance is the above value and two tubes
having a plate resistance of 2000 ohms operating in push-pull are used
to drive the UX-210 tubes, the resistance in series with the primary is
4000 ohms. Therefore, the impedance ratio from total primary of the
input transformer T, Fig. 4, to each grid is 4 to 1 or a turn ratio of
2 to 1. The required grid voltage swing is 133 so that a primary volt-
age peak of 266 is required. A study of the UX-245 characteristics at
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normal voltages indicates that two of these tubes in push-pull will
successfully drive the UX-210 tubes as class “B” audio amplifiers
without serious distortion.

The same calculations as above may be made from the curves in
Fig. 7 for the UX-841 tube which is a tube similar to the UX-210
except for amplification constant and plate resistance. So far as the
power output is concerned, it can be seen that the output of two of
these tubes is approximately the same as for the UX-210 tubes and
the efficiency is essentially the same. However, the bias required for
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Fig. 7—Load characteristics of the UX-841 as a class “B” audio
amplifier.

these tubes is approximately 13.5 volts and the peak positive grid.
swing is 65 volts with a peak grid current of 25 ma. The peak swing
from normal bias in this case is 78.5 volts so that the minimum input
resistance per grid is 3140 ohms and the slope of the grid current curve
represents 2600 ohms. Since the above resistances are near the same
value, the input series resistance may be as high as in the case of the
UX-210 without increased distortion. If full advantage is taken of the
above 255 volts peak swing on the primary of the driver transformer,
an impedance ratio to each grid may be approximately 12 to 1 or an
equivalent series input resistance of 330 ohms. This resistance is about
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12 per cent of the minimum input resistance as compared to 20 per
cent for the UX-210 tubes. Therefore, the UX-841 tubes are much
easier to drive as class “IB3” audio amplifiers than the UX-210 tubes
although the power output is essentially the same in the two cases.

The load curves in Fig. 8 for the UX-112A indicate what may
be expected of two of these tubes as class “B” audio amplifiers. The
curves indicate that the output power for the 2000-ohm load is about
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Fig. 8—Load characteristics of the UX-112A as a class “B” audio
amplifier.

6 watts. If the plate voltage is raised to 300 volts, the optimum load
resistance is about 2500 ohms and an output of 10 watts may be ex-
pected. The bias for 250 volts on the plates is about 28 volts and the
positive grid swing is approximately 35 volts. The same precautions
must be taken in driving these tubes as are taken with the UX-210
because of the flow of grid current on only a part of the input cycle.
The grid current curves indicate a slight negative resistance at some
points, but the resistance is so high that no difficulty is encountered.

One UY-227 operated at maximum rated voltages will drive the
UX-112A tubes as class “B” audio amplifier without serious distor-
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tion although it is preferable to use two UY-227 tubes either in push-
pull or parallel.

From a standpoint of high audio power from small tubes as a class
“B” audio amplifier, the RCA-230 is perhaps the most interesting,
especially as adapted to battery operated radio receivers. A study of
the curves of Tig. 9 indicates that an output of approximately one
watt can be obtained from these tubes with a maximum average plate
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Fig.”9—Load characteristics of the RCA 230 as a class “B” audio
amplifier.

battery drain of 14 ma at 157.5 volts, the other 22-volt block of a
180-volt battery being used for bias. The above plate current is the
value for maximum output of a sine-wave signal. However, because of
pauses, distorted musical waves, and extreme variation in amplitudes
of radio signals, the average battery drain to the output tubes is prob-
ably 6 to 8 ma for a radio signal at full volume. A well designed battery
operated set using two RCA-230 tubes as the output amplifier would
have an average plate battery drain of 12 to 15 ma on full volume and
a filament drain of approximately 0.5 ampere at two volts.




1146 Barton: High Audio Power

The grid current curves in Fig. 9 indicate negative resistance at
certain load resistances and instantaneous grid voltages but the mini-
mum resistance represented by the curves, positive or negative, is
approximately 20,000 ohms. Consequently, an RCA-230 tube operat-
ing at 157.5 volts on the plate and 2-ma plate current, will success-
fully drive the output amplifier. The coupling transformer should have
an impedance ratio of approximately 3 to 1 from the primary to each
grid of the output tubes. The load resistance on each tube should be

Load Resistance
Flate to Plate 9600 ohms.

2 Watts
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Fig 10—Third harmonic distortion of two RCA 230 tubes as a_glass “B”
audio amplifier for various power levels and bias voltages.

4000 ohms minimum or 16,000 ohms from plate to plate of the output
tubes. Slightly more power can be obtained from the output stage by
using a load resistance of 2500 ohms but at the expense of increased
plate battery drain and excessive plate current peaks in the output
tubes. The output tubes may be damaged by abnormally high volume
if distortion is disregarded when a load resistance for maximum power
output is used. If the higher load resistance of about 4000 ohms per
plate is used, it is improbable that the output tubes can be driven with
another RCA-230 tube to destructive plate current peaks.
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Several curves of per cent harmonic distortion for various conditions
of operation are given in Figs. 10 and 11 for two RCA-230 tubes as
class “B” audio amplifiers and driven with an RCA-230 as indicated
above. The input signal had less than 0.2 per cent second or third
harmonics and the harmonics were measured by means of an RCA
Victor voltage analyzer. Harmonics above the third are not plotted
because they were below one per cent except in cases where the third
was greater than 5 per cent. The curves in Fig. 10 indicate that the
optimum bias is very nearly the bias obtained from the curves of Fig.
9. These curves also indicate that the bias may vary plus or minus one

Upper Curves — Third Harmorse

Lower Curves - Second Harmonre

O
T

D
I

8470,
| 960

12 080

n

Par Cenit Orstortron
o
I
SNE
n -
e,
AN

T

o 1 1
0.5 1.0
ovtput, Wotts

Fig. 11—Distortion of two RCA 230 tubes as a class “B” audio amplifier
a8 a function of power output for various load resistances.

volt about the optimum value without serious distortion. The second
harmonic curve corresponding to the curves in Fig. 10 are not shown
but were below 3 per cent at 12 volts bias and about 2 per cent at 17
volts bias.

The above representative curves on a few of the common tubes
may be used as guides in making estimates of the power output pos-
sibilities of other tubes. None of the present low plate resistance out-
put tubes are desirable as class “B” audio amplifiers because of the
required grid swing and the relatively high power required to swing
the grids positive. It is of interest to know that 150 to 200 watts audio
power may be obtained by using two UV-203A tubes or two UV-211
tubes with 1000 volts on the plate. It is also interesting to know that
the RCA Victor Company has sucecessfully constructed an audio am-
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plifier of the class “B” type which delivers approximately 2500 watts.
This amplifier uses four UV-849 tubes with 2800 volts on the plates and
the output stage is driven by two UV-845 tubes in push-pull. The
entire amplifier has not more than 4 per cent harmonic distortion and
has a good frequency characteristic. The amplifier is entirely a-c¢ oper-
ated and the plate voltage is supplied from a 4.5 kva high voltage
transformer.

CONCLUSIONS

The class “A” amplifier is particularly adapted to use in cases
where a single source of voltage is available for grid and plate supplies
as in the case of a radio receiver or where poor regulation of the plate
supply will cause difficulty. If provision is made to drive the grids of
such an amplifier considerably positive greater peak plate current may
be obtained for considerable increase in power output at the expense of
relatively small increase in distortion. If the grids are driven positive
for the peak plate current, the load resistance for maximum power
output is a function of plate dissipation and in some cases, emission,
but is independent of internal plate resistance of the tube.

Tests to date indicate the output voltage of a class “A” audio am-
plifier for a given signal input is a function of the relation of load re-
sistance and the internal resistance of the output tubes. Consequently,
if high plate resistance tubes are used compared to the load resist-
ance, the output current is essentially constant for a wide range of load
resistances for a given signal input. The output power is also nearly
constant over a wide range of load resistances if the grid is driven to
maximum output for the various loads.

The class “B” audio amplifier is very similar to the class “A” am-
plifier in regard to regulation of output and fairly constant output
power for wide variation of load resistances except that this effect is
more pronounced because the load resistance of the class “B” audio
amplifier is much less than the optimum load resistance for the class
“A” amplifier. However, the power output of the class “B” audio
amplifier is usually limited only by emission or plate dissipation on peak
signals. The plate current is nearly proportional to signal voltage so
that the power taken from the plate supply source varies from a small
value to full plate power required for maximum output. The problem
of obtaining a plate supply with the necessary regulation is one which
must be considered in connection with class “B” audio amplifiers un-
less batteries are used. As is obvious, this problem involves a rectifier
supply which will carry the pulsating load with good regulation.
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Another problem which has been met in developing this type of
amplifier is to provide for a well regulated bias supply unless the sup-
ply source is a battery. This is difficult because of the relatively high
grid current taken by the grids of the output tubes. This problem proba-
bly will be met commercially by using tubes that operate at very low
bias, as indieated in Fig. 7. The bias is, at the present time, obtained
preferably from a source separate from the plate supply to the am-
plifier and is not made automatic in the usual sense of the word. The
above problems do not exist when a battery is used to supply the volt-
ages which makes the class “B” audio output amplifier very practical
for battery operated sets.

The problem of driving the amplifier can be successfully solved if
some distortion is permitted. At the present stage of development, it
seems that class “B” audio amplifiers inherently have a negligible
amount of distortion because the power output must come from one
tube at a time and the transfer of the load from one tube to the other
cannot be made without a limited amount of disturbance or suitable
compensation. However, as indicated above, the distortion is not seri-
ous if proper precautions are taken. .

The low cost of the class “B” audio amplifier, the conservation of
plate supply power for relatively high outputs and the ability of a
tube to deliver 5 to 10 times its usual audio output, are factors worth
considering where relatively high power is desired at a minimum cost
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NOTES ON RADIO TRANSMISSION*

By

CrirrorD N. ANDERSON
(Engineer, American Telephone and Telegraph Company, New York City)

Summary—Considerable data on radio transmission have been obtained the
past few years in connection with the establishment and operation of various radio-
telephone services by the Bell System. It is the purpose of these notes to present certain
aspects of some of these data which may be of interest in the development of a general
physical picture of radio transmisston and in indicaiing the effects of disturbances
accompanying storms in the earth’s magnetic field.

The general results which are arrived at are:

1. Neglecting short time fading, the mazimum field strength received at a given
point for frequencies up to at least 4 megacycles are in general agreement with those
calculated by the inverse-distance law and the minimum field strength (over-water
transmission) are tn approximate agreement with those calculated by the Austin-
Cohen formula.

2. There appears to be a daylight absorption band in the neighborhood of 40
kilocycles (North Atlantic iransmission) which reduces minimum daytime fields in
that vicenity below the minimum limit given above.

3. The effect of solar disturbances is to increase the absorption to “sky wave”
transmission throughout the entire radio-frequency spectrum generally and to reduce
or eliminate the 40-kilocycle absorption band thereby increasing daylight fields for
transmaesston on frequencres in that vicinity.

1. GENERAL PICcTURE

Short-Wave Transmisston (70 Meters to 17 Meters; 4.5 Megacycles to

17 Megacycles)

HE various daytime observations made at Forked River, New
TJ ersey, on 4-megacycle transmission from the S. S. Levia-

than at various distances from Ambrose Channel Lightship are
shown in Fig. 1. The fields in general decrease with increasing distance,
and at a distance approaching 300 nautical miles the spread of the
values increases with the minimum fields following the original trend.
The values for mighttime transmission are shown in a similar way in
Fig. 2. Values were considered to be nighttime if all or any part of the
transmission path were in darkness, and therefore include some points
which really come in the transition period.

Preliminary approximations had indicated that the trend of the
daytime values followed roughly those calculated by the Austin-Cohen
formula and that the maximum nighttime values followed roughly
those expressed by the inverse-distance law. Furthermore, the maxi-

* Decimal classification: R113. Original manuscript received by the Insti-

tute, March 28, 1931. Presented before U. R. S. I. May 1, 1931, Washington,
D. C.
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mum daytime values approached the inverse-distance values and the
minimum nighttime values approached the Austin-Cohen values.

As data on transmission from other ships and with other frequencies
appeared to bear out the above assumptions, the curves representing
the inverse-distance and Austin-Cohen limits were fitted to the data of

\\l%mw'dialed Power 250 Watts
™
Austin-Cohen Formulia - Radiated Power250 Whits

of- - —— —°

Sianal Field Strengths in db Abgve or Below! Microwoit per Meter
23 e
3
1
|
{

100 400 500

200 300
Nautical Miles from Ambrose Lightship

Fig. 1-—Variation of signal field strengths with ditance. Transmission from
8. 8. Leviathan. Measured at Forked River, N. J. Day values only. October
to December, 1929, and April to August, 1930. Frequency 4 megacycles.
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Fig. 2—Variation of signal field strengths with distance. Transmission from
8. 8. Leviathan. Measured at Fork River, N. J. Night values only. October
to December, 1929, and April to August, 1930. Frequency 4 megacycles.

Figs. 1 and 2. The radiated power was then computed. The value of
250 watts as given is not out of line with that estimated from trans-
mitter power and antennas.

It should be noted that the transmission to I'orked River from
points less than 50 to 100 miles from Ambrose involves transmission
partly over land so that the lower fields observed from these points may
be neglected for the general study.
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The inverse-distance equation for at least the distance involved in
these notes may be given as

120rHI
e prabdiee
\D

which when combined with the equation for radiated power

1580H2]2
watts — T

becomes

3-.10°%

kw
L km

E#vlm =P

The fact that the maximum fields noted are not materially greater
than the inverse-distance values might be explained on the basis that
these values obtain at times of “no loss” in the transmission medium,
assuming spherical expansion of the wave energy.

The Austin-Cohen factor ¢=9-0052/YX by which the inverse-distance
values are multiplied to represent the minimum values, will be remem-
bered to be an empirical one based on measurements made on trans-
mission up to 4000 kilometers on wavelengths from 1000 to 4000
meters.

Although the upper limit of field strength seems to be that postu-
lated by the inverse-distance law and the minimum fields appear to be
those calculated by the Austin-Cohen formula, the actual fields re-
ceived at any particular time depend, of course, on the state of the
transmitting medium at that moment. The transmitting properties of
the medium change from hour to hour due to varying exposures to sun-
light and related phenomena resulting in diurnal characteristics of
radio transmission which vary with the frequency of transmission.
Superimposed upon this diurnal variation are such effects as accom-
pany solar disturbances.

For a given frequency, the envelope of maximum values of a mass
plot of numerous measurements made at various times of day and at
various seasons is a curve dropping off approximately inversely with
distance. This is true up to the maximum distances covered by the
measurements, that is, up to 3000 to 5000 miles. The envelope departs
from the inverse-distance curve at the relatively short distances so that
apparently the minimum distances at which inverse-distance values
may be obtained appear to be roughly as follows:
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Minimum Distance for

Frequency Inverse-Distance Values to Obtain
4 me 100 Nautical Miles
8 « 4:00 « [
13 44 600 &« &@
17 143 700 «© “®

No distinetion between seasonal variations is made in the above figures
nor between day and night values.

The variation of maximum daylight field strengths with distance as.
measured during a particular season (summer, 1930) in connection with

May, June, July and Auqust, 1930
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Nautical Miles from Ambrose Lightship
Fig. 3—Variation in maximum daylight field strengths with distance. Corrected
to 1-kw_radiated power. Figures denote approximate frequency in mega-
cycles. Fields from S. S. Tomeric, Leviathan, Majestic, and Olympic.
Measured at Forked River, N. J. May, June, July, and August, 1930.
the ship-shore radiotelephonc service is shown in Iig. 3. The appear-
ance of the 4-megacycle “sky wave” is quite evident. It is of interest
to note that the distance for maximum 4-megacycle field strengths is
the same as for 8 megacycles. The distances corresponding to the maxi-
mum fields for the various frequencies are approximately as follows:

Frequency Distance for Maximum Fields
4 me 450 Nautical Miles
8 « 450 ¢ i
13 [ 1500 « &
17 [ 2300 « «

It should he kept in mind that the values of signal field strengths ex-
pressed by the Austin-Cohen formula apply only to over-water trans-
mission. Although a general study on the over-land attenuation at the
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higher frequencies has not been made, we do have some information
on transmission on 4 megacycles which is the frequency used in ship-
shore telephone service for near-by transmission. In a recent paper on
the ship-shore radio telephone system! it was stated that “moving
either the transmitting or recciving terminal a mile back from the
coast line increases the attenuation some 8db at 4.5 megacycles.” The
investigationT referred to also showed that the attenuation over wet
marsh could be assumed to be equivalent to that of sea water—at least
for the short distances measured. Fig. 4 shows the results of more

i | el ]
| ‘

Attenuation in db(Exclusive of laverse-Distance)
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| | [ [ 1] [ ]
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!
' I
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3 E

20 3
Statute Miles of Land adjacent To Receiving Station

Fig. 4—Over-land transmission on 4 mc from ships at sea. Measurements made

at Forked River and vicinity, 1930.
~recent tests on transmissions from the ships with the field strengths
measured at various distances inland from the New Jersey coast. It
will be noted that the loss is of the order of 9 db for the first mile, 14 db
for the first two miles, and 17 db for the first five miles after which the
attenuation increases at the rate of close to 0.38 db per mile. This at-
tenuation of 0.38 db per mile is about five times the attenuation in db
for sea water at this frequency.

800-Kilocycle (380-Meter) Transmission

Fig. 5% shows the results of measurements made a number of years
ago by H. T. Friis on transmission on 800,000 cycles which fall very
nicely between the two limits inverse-distance and Austin-Cohen
values.

1 Discussed in paper being prepared for publication by R. A. Heising.

n ;J,Vg Y{&gé%on and L. Espenschied, “Radio telephone service to ships,” Jour.

2 H. W. Nichols and L. Espenschied, “Radio extension of the telephone sys-
tem to ships at sea,” Proc. LR.E.| 11, June, 1923.



Anderson: Noles on Radieo Transmissior 1155

Long-Wave Transmission (5000 to 17,000 Meters; 60 Kilocycles to 17
Kilocycles)

In a previous analysis of long-wave transmission data’ an attempt
was made to obtain idealized transmission curves on the various fre-
quencies. For the night fields the maximum values were used and found
to approach the inverse-distance values as a limit. For the daytime,
however, average values were used. In view of the results on the higher

10,000,
ELECTRIC FIELD FROM S5 AMERICA
MarcH 1922

Frequency = 805,000 Cycles or Wavelength- 373 Meters
FNY 840000 (0 mm 358

A Austin 3
Curve B Inverse -Distance Formuis
& 1000 I
5 1
= T 3
@ ]
a —
@ e
= i
g '\f‘_i__:s ;
> e S
g b e :
S 00 g . =l
= e ]
w g
a Ng
3 N
o \\ L i
e et +
& RN ‘ |
I % —
2 Y, H
L:j \\ i
10 ~ . - o e
>\~\ —~4
5+
= 5 = P -
Marcr 6 ‘ Nignt | Mamen 5 Nowr BTN Marcw d Niowt 3, |5
T 9 ot |
] e = > <\J s e i
i Ell £ 2 3 %13
€y c < 13 2 g —
A & I 3 ™ A3
{ ! AN S (N I N S S SR NI S S S - i/
Kilometers O 200 400 e00 800 1000 1200 1400 1600 Lele] 2000
Miles O 250 500 750 1000 1250

DiSTANCE TO S.S.AMERICA
Fig. 5
frequencies discussed above, the long-wave data were reviewed again
to determine especially the minimum values.

The attenuation per kilometer (over and above the spreading-out
effect postulated by the inverse-distance law), corresponding to the
minimum values obtained on each of the various frequencies, was com-
puted from the data. These, together with the curve representing the
attenuation in db per mile computed from the Austin-Cohen factor

e~0-005D/¥X are shown in Fig. 6. The basis for each of the points is given
below:

3C. N. Anderson, “Correlation of transatlantic radio transmission with
other factors affected by solar activity,” Proc. I.R.E., 16, March, 1928.
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Point “a” represents the 4-megacycle transmission as discussed
above in connection with Figs. 1 and 2.

Pownt “b” represents the 800-kilocyecle transmission discussed in
connection with Fig. 5.

Point “c” represents the value of attenuation obtained from the
57-60-kilocycle transmission from Rocky Point, Long Island, to
New Southgate, England, and Cupar, Scotland, the past eight
years. This represents considerable data and it is well established
that the attenuation per kilometer for minimum values is above
that given by the Austin-Cohen factor.

[

=
S

=

2
3

g

Maximum Attenualion in db per Km. {Over and Above Inverse Distance)

1,000
ycles

1 50 100 560
Points f tog inclusive represent very few data. Frequency in Kiloc

Fig. 6—Variation in maximum attenuation with frequency. Solid line represents
Austin-Cohen factor. Dotted line represents 40-ke daylight absorption band.

Point “d” represents the value for transmission on 17,130 cycles
from Rocky Point, Long Island, to New Southgate, England, 1923
to 1925. The point is reasonably reliable. The attenuation per
kilometer for minimum fields is only very slightly greater than that
given by the Austin-Cohen factor. -

Point “e” represents the value for transmission on 25,700 cycles
from Marion, Massachusetts, to New Southgate, England, 1923 to
1925 and is probably equally reliable with point “d”.

Considering these five points, only point “c” lies definitely off the
Austin-Cohen curve. This led to a consideration of other data between
25 kilocycles and 60 kilocycles. Some measurements showing un-
-expectedly low fields at 40 kilocycles (Fig. 7) had been previously
reported on.? These data, together with other miscellaneous data, are
represented by the following points:

¢ Loc, cit,
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Point “f” represents very scattered data obtained at Green
Harbor, Massachusetts, in 1923, on transmission from GBL
(Leafield, England) on 34,130 cycles. About as much as can be
said for this point is that the attenuation is at least as great as
indicated.

Point “g” represents measurements on transmission from GKB
(Northolt, England) on 54,500 cyecles during the latter part of 1923
at Riverhead, Long Island. Although there is considerable data
during the period, the minimum values are approximately at the
lower measurement limit and hence apt to be unreliable although
attenuation is at least as great as that indicated.
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Fig. 7—Variation of signal field with frequency. Transmission from Northolt,
Eng. (GKB) Daylight signal fields corrected to 2-kw radiated power.

Points “h” and “i” are determined from a relatively small num-
ber of measurements at Belfast, Maine, of GKB (Northolt,
England) on 43 kilocycles and 39 kiloeycles, respectively. Because
of small amount of data, points are not reliable.

Points “5”7 and “k” are results of measurements made July 25
and March 25, 1925, respectively at Chedzoy, England, on trans-
mission from GKIB (Northolt) on 43 kilocycles. The distance be-
tween the Chedzoy and Northolt is only 135 kilometers, but as
data for each point cover only a period of a day, they are probably
unreliable.

It will be noted that, although practically all the latter points are
in themselves unreliable, collectively they tend to indicate abnormal
transmission in the neighborhood of 40 kilocycles. (The error of the

different points is likely to be in the direction of giving too little at-
tenuation.)

r
b
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It is of interest to note what the effect would be if this absorption
band did not exist. The 17-kilocycle fields would increase only very
slightly, the 25.7-kilocyecle fields would increase slightly more, the
57-60-kilocycle fields would increase considerably more and the 40—43-
kilocycle fields would increase most of all. For the 57-kilocycle trans-
mission, the minimum fields such as occur during the “sunset-dip”
would be of the same order as the normal average of daylight fields.
This is exactly what happens during periods of solar disturbances.

It may be of interest to note that this absorption band also appears
to affect static noise. It is reasonable to expect this in view of our
picture of static on long waves being generated largely in the tropies
and hence being received over a relatively long transmission path.
Fig. 8! represents some data on the frequency distribution of noise for
daytime and nighttime. Fig. 9 shows roughly the differential, as it were,
between nighttime and daytime noise as derived from Fig. 8 and indi-
cates greater attenuation in the vicinity of 40 kilocycles than at fre-
quencies 20 kiloeycles on either side.

It might be pointed out that evidence indicating an absorption
band in the vicinity of 1500 kiloeyeles, for trarsmission to transatlantic
distances,® pertains to the higher “sky wave” fields. No data are
available bearing upon the question of whether this absorption band
also exists in the “ground wave” transmission at this frequency. This
explains why no indication is made of the 1500-kilocycle absorption
band in Fig. 6.

2. EFFECT OF SOLAR DISTURBANCES
Long-Wave Radio Transmzssion

Some of the early data indicating the effect of solar disturbances
on long-wave radio transmission are shown in Fig. 10%. A generalized
picture of the effect upon transmission during the sunset period is
given in Fig. 113. The results shown in both of these figures vary with
the intensity of the disturbance and the time elapsed after the oc-
currence of the disturbance.

The difference in the magnitude of the effect accompanying a dis-
turbance in the earth’s magnetic field upon the 43-kilocycle daylight
signal fields as compared with transmission on 57 kilocycles is shown
in Fig. 12. The two diurnal curves for each frequency show the field

3 Loc. ctt.
* L. Espenschied, C. N. Anderson, and A. Bailey, “Transatlantic radio tele-
'Il)hlonelg’g;.nsmlssmn,” Proc. I.R.E,, January, 1926; Bell Sys. Tech. Jour.,
uly, . y
®*H. W. Nichols and J. C. Schelleng, “Propagation of electric waves over
the earth,” Bell Sys. Tech. Jour., April, 1925.
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strengths the week-end before and the week-end after the disturbance.
It is to be noted that whereas the increase of the daylight field strengths
on 57 kilocycles after the disturbance was only of the order of 25 per
cent, the increase on 43 kilocycles was of the order of 100 per cent
(400 per cent considering minimum fields).

Transmission from Rocky Point L.L.(WQL) to New Southgate Eng.

! ! 17130 Cydlgs
500 |
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i LB Lyl
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5 Transmission from Rocky Point LI.(2 XS) to New Southgate Eng.
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Fig. 10—Effect of solar disturbances on radio transmission, Heavy line indicates
more or less normal transmission week-end before disturbance occurred.
Abnormal transmission on following week-end indicated by light line.

From Figs. 10, 11, and 12 several effects of solar disturbances are
evident:

(a) Little or no increase in daylight signal fields on 17-kilocycle
transmission; slight increase in 25-kilocyecle fields, considerable in-
crease in 57-kilocycle fields, and still greater increase in the 43-
kilocyecle field strengths.

(b) Reduction (or elimination depending upon intensity of
disturbance) of “sunset-dip.”

(¢) Decreased night field strengths to values sometimes as low
as or less than average daylight values. Minimum night fields are
either greater than or of same order as the Austin-Cohen values.
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These results indicate the reduction or elimination of the 40-kilo-
cycle daylight absorption band. The decreased values obtained at
nighttime (presumably “sky wave” transmission) are similar to the
low fields experienced on short waves (also “sky wave” transmission)
during such disturbed periods.
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Fig. 13—Transmission on New York-London short-wave circuits, 1930. Solid
portion indicates time during which one or more two-way short-wave radio-
telephone circuits were serviceable. Dashed portion indicates no data and
blank portion indicates time when no circuit was serviceable.

Short-Wave Transmission -

The low fields experienced in short-wave transmission during solar
disturbances are apparently due to increases in attenuation rather than
a change in the optimum distance for that frequency.® As the high
night fields on long waves decrease during such storms to values equal
to or approaching those represented by the Austin-Cohen factor, a
similar situation may obtain on short waves. As the Austin-Cohen
values for short waves at distances beyond a few hundred miles are so
far below any possibility of measurement, it is doubtful whether this

6 C. N. Anderson, “Notes on effect of solar disturbances on transatlantic
radio transmission,” Proc. I.R.E., 17, September, 1929.
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point will ever be definitely established. It is known that even with
storms not exceptionally severe it has been impossible even to hear a
heterodyne beat note of the transatlantic signal using effectively large
transmitting powers, large receiving arrays and high gain receivers
which means that the fields are less than the order of a few thousandths
of a microvolt per meter.

The effect of solar disturbances on the utility of short-wave radio
circuits is shown in Fig. 13 which indicates the time during which at
least one out of the three short-wave circuits between the United
States and England gave serviceable transmission, when no circuit gave
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Fig. 14— Comparison of the variation in field strengths before and after asolar
disturbance. Transmission from Rugby, England, to Netcong, N. J., and
from Buenos Aires, Argentina, to Netcong, N. J. (GBS) Frequency 18.34
megacycles (16 m) Frequency 21.02 megacycles (14 m) (LSN).

serviceable transmission, and the no data periods when the circuits
were not in operation. It is of interest to note the different series of
disturbances separated by the 27-day period corresponding to the time
of rotation of the sun as viewed from the earth. Such daily magnetic
character figures as are available® are shown below.

The difference in the effect of solar disturbances upon transmission
from the United States to England as compared with transmission
from the United States to Argentina has been very marked. The
difference in both the immediate effect and in the recovery is shown in
I'ig. 14. Without any doubt the effect upon transmission across the

3 Loc. ctt.
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These results indicate the reduction or elimination of the 40-kilo-
cycle daylight absorption band. The decreased values obtained at
nighttime (presumably “sky wave” transmission) are similar to the
low fields experienced on short waves (also “sky wave” transmission)
during such disturbed periods.
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Fig. 13—Transmission on New York-London short-wave circuits, 1930. Solid
portion indicates time during which one or more two-way short-wave radio-
telephone circuits were serviceable. Dashed portion indicates no data and
blank portion indicates time when no circuit was serviceable.

Short-Wave Transmission -

The low fields experienced in short-wave transmission during solar
disturbances are apparently due to increases in attenuation rather than
a change in the optimum distance for that frequency.® As the high
night fields on long waves decrease during such storms to values equal
to or approaching those represented by the Austin-Cohen factor, a
similar situation may obtain on short waves. As the Austin-Cohen
values for short waves at distances beyond a few hundred miles are so
far below any possibility of measurement, it is doubtful whether this

¢ C. N. Anderson, “Notes on effect of solar disturbances on transatlantic
radio transmission,” Proc. .R.E,, 17, September, 1929.
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point will ever be definitely established. It is known that even with
storms not exceptionally severe it has been impossible even to hear a
heterodyne beat note of the transatlantic signal using effectively large
transmitting powers, large receiving arrays and high gain receivers
which means that the ficlds are less than the order of a few thousandths
of a microvolt per meter.

The effect of solar disturbances on the utility of short-wave radio
circuits is shown in Fig. 13 which indicates the time during which at
least one out of the three short-wave circuits between the United
States and England gave serviceable transmission, when no circuit gave
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Fig. 14—Comparison of the variation in field strengths before and after asolar
disturbance. Transmission from Rugby, England, to Netcong, N. J., and
from Buenos Aires, Argentina, to Netcong, N. J. (GBS) Frequency 18.34
megacycles (16 m) Frequency 21.02 megacycles (14 m) (LSN).

serviceable transmission, and the no data periods when the circuits
were not in operation. It is of interest to note the different series of
disturbances separated by the 27-day period corresponding to the time
of rotation of the sun as viewed from the earth. Such daily magnetic
character figures as are available® are shown below.

The difference in the effect of solar disturbances upon transmission
from the United States to England as compared with transmission
from the United States to Argentina has been very marked. The
difference in both the immediate effect and in the recovery is shown in
Fig. 14. Without any doubt the effect upon {ransmission across the

3 Loc. cit.




1164 Anderson: Notes on Radio Transmission

North Atlantic is by far the more serious. The difference in exposure
of the two transmission paths to the effects of solar disturbances is
suggested by Iig. 15 which shows the relation of the transmission
paths to the distribution of aurora. It is evident that whereas the New
York to London path passes close to the region of maximum auroral
frequency, the New York-Buenos Aires path is largely out of the region
of visible aurora.

Fig. 15—Radio transmission and solar disturbances. Isochasms or lines of equal
auroral-—frequency (after H. Fritz). Relation of isochasms to radiotele-
phone transmission paths.

A comparison of how radio transmission varies from year to year
is given in Fig. 16. In the lower part of the figure is given also the vari-
ation in magnetic activity and sun spots. It is evident that the correla-
tion between these various phenomena is not a close one. Witness for
example, the low sun spot numbers in March, April, and May, 1930,
and at the same time the high magnetic activity (highest since the
beginning of 1923), the relatively high long-wave fields and the low
short-wave fields. Radio transmission and magnetic activity seem to
vary together in this particular case but in other cases again do not
seem to be so closely related. In correlating radio transmission with
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activity in the earth’s field it should be kept in mind that the former
is more sensitive to solar emission and requires a longer period of re-
covery than the latter. Similarly in correlating radio transmission and
magnetic activity with sun spot numbers better results would be ob-
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Fig. 16—Radio transmission and solar activity.

tained if differentiation were made between sun spots whose emission
may affect the earth and those which are so far from the center of the

sun’s disk as to have apparently little or no effect upon terrestrial
phenomena.
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A NOTE ON THE RELATION OF METEOR SHOWERS
AND RADIO RECEPTION*

By

GREENLEAF W. PickarD
(RCA Victor Company of Massachusetts, Boston, Mass.)

Summary—A comparison of reception measures with meteor showers over five-
yeur periods indicates an accompanying increase of night fields and a decrease of day
fields. The highest correlation appeared between monthly means of meteor hour rates
and night fields. No associated disturbance of terrestrial magnetism was found.

T WAS first suggested by Nagaoka that meteors may disturb the

Kennelly-Heaviside Layer and so affect radio transmission. The

mechanism he postulates is set forth in the following quotation
from his recent paper!:

“The great commotion caused by the meteors in the ionized layer calls
forth vortices in it, and tends to disperse the dusts about the paths. The
speed of passage is generally sufficient to cause ionization in the air, and
as the atmosphere is already highly ionized, the fine particles form nuclei
for collecting the ions from the surrounding. The condition of the ionized
layer is thus temporarily disturbed, and apparently introduces discon-
tinuity in the transmission of the radio waves which impinge on the layer.
The irregular and diffuse reflections from the ionized layer are the general
result. The effect is somewhat analogous to the reflection of light from a
mirror with numerous scratches made in a disorderly confused manner. If
the paths of meteors be straight and horizontal, the effect would not be
complicated, but as it is inclined at more than 20 degrees and actually to a
certain degree curved, the diffraction caused by long discontinuity and the
scattering of waves by dust particles generally tend to weaken the in-
tensity of radio waves, and especially to disturb the directional trans-
mission.”

The writer has been interested in the possibility of meteoric effects
‘since early in 1910 when the earth passed through or near the tail of
the Halley Comet. At that time a series of audibility meter measure-
ments were made at Amesbury, Massachusetts, on Station DF at
Manhattan Beach, New York, but without finding any change which
could be attributed to the comet. As a matter of fact, the earth’s ap-
proach to this comet was not then accompanied by any meteoric
shower, and in any event audibility meter readings on an intermit-
tently operated spark station would hardly have been competent to

* Decimal classification: R113.5 Original manuscript received by the In-

stitute April 27, 1931. Presented before the U.R.S.I. in Washington, D. C.,

May 1, 1931. o )
! Hantaro Nagaoka, “Possibility of the radio transmission being disturbed
by meteoric showers,” Proc. Imp. Acad., Tokyo, 5, No. 6, 1929.
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show any small effect. But in the summer of 1921, while making direc-
tional observations at Seabrook Beach, New Hampshire, on a number
of low-frequency European stations® an interesting coincidence was
observed between a sound in a radio receiving circuit and the passage
of a brilliant meteor. The author has hitherto refrained from publishing
this incident, partly because standing alone it had little weight, partly
also for the reason that 1921 amplifiers had the habit of intermit-
tently self-generating all sorts of weird noises, but principally because
until now there has been no good setting for this solitaire observation.

At 1.11 on the morning of August 29, 1921 the writer was con-
cluding a series of directional measurements on the French station
LY at Bordeaux, then operating at 12.8 ke. The apparatus employed
at Seabrook consisted of a 20-turn coil aerial, 3 meters on a side, a 4-
stage resistance coupled amplifier, with external heterodyne oscillator,
detector, and two audio stages. The coil aerial was set nearly on null
for LY-—N74 degrees i—and there was little sound in the phones, save
a very light crackle of static, and a faint 800-cycle note from the Bor-
deaux Station. Glancing up and eastward from the degree scale of the
direction finder, the author saw a bright yeHow-green meteor, of ap-
proximately —2 or —3 magnitude, with an origin somewhere between
Cassopeia and Perseus, traversing a path of over 30 degrees. Coinci-
dent with the passage of this meteor, a sharp hiss was heard in the
phones, lasting for a little over a second, and, as nearly as could be
judged beginning and ending sharply with the start and finish of the
meteor trail.

Having now over five years of systematic night field measurements
of WBBM at his disposal, the writer decided to examine these statis-
tically for a possible correlation with meteor showers. While the results
so far are of a preliminary character, and do not yet amount to a con-
clusive proof, nevertheless they strongly indicate a relation.

According to Olivier® there are nine principal meteor showers each
year, which are tabulated below:

TABLE I
Duration in . Hour Rate of all
Name Days Date of Max. Meteors on this date
Quadrantids 3 Jan. 2 28
Lyrids ) 4 Apr. 20 7
Eta Aquarids 8 May 2-4 7+
Delta Aquarids 3 Jul. 28 27
Perseids 35+ Aug. 11-12 69
Orionids 14 + Oct. 19-23 21+
Leonids 3— Nov. 14 21
Andromedes 2 Nov. 24 16
Geminids 14+ Dec. 11-13 23

t “The direction and intensit c;f waves from European stations,” Proc.
.R.E., 10, June, 1922, Y P ’

¢ Bulletin No. 8, The American Meteor Society.
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The hour rates given above are means of a number of years; the
showers in any one year may diverge widely from these values. Inas-
much as the WBBM measurements are in the period 1926-1930, for
which no published meteor data are yet available, the author has been
forced to use the general rates of the table in dealing with night recep-
tion, instead of the actual hour rates of the individual showers in this
period. In this comparison of WBBM with meteors, there was first
reduced each of the nightly values to a ratio of a 27-day average to a
5-month mean. This, at the expense of a considerable reduction in
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amplitude, substantially eliminates the prominent solar rotation
period, the lunar period of 29.5 days and also any seasonal effect.
Means were then made of these nightly 27 day/5 month ratios for 60
days before and after the central shower dates, weighting the reception
values according to the hour rates of each shower. The result, for
five years of meteor showers and WBBM reception, is shown in Fig. 1,
curve A. It is evident that reception reaches a maximum about 25
days after the central shower date, with an amplitude of about 17 per
cent. And even taking into account the smoothing effect of the 27-day
average in the reception values, it appears that the effect is not sharply
defined, but is spread over some two months. As the Perseid or August
shower is normally the most important, it should form a major con-
tribution to the effect, and in curve B the result of taking out the five
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Perseid showers is shown. The amplitude is now reduced to about 5
per cent, and its maximum now coincides approximately with the cen-
tral shower date.

In curve C the effect of the Perseid showers alone is taken. As this
results from only five showers, its detail is not significant, but it does
indicate the dominant effect of the August showers, with a maximum
after the central shower date.

Olivier has published an excellent tabulation of the principal
showers up to the end of 1925, with their individual hour rates and
actual maximum dates.* Although no systematic measurements of
night reception are available for this period, Austin’s day field meas-
urements of Nauen were taken for comparison, for the six-year period
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1920-1925, with the result shown in curve D. Agreeably to the general
rule that a disturbing cause affects night and day reception inversely,
Nauen rcception shows a marked depression, centering on the shower
date. Finally, in curve E of Fig. 1, is shown a comparison of the diurnal
range of //, as measured at Cheltenham, Maryland, with the meteor
showers of 1920-1925. It would not seem from this that meteors caused

any appreciable disturbance of {errestrial magnetism.

There is another comparison which can be made between meteors
and radio reception, which disregards individual showers, and takes
only average monthly hour rates. Olivier has given a tabulation® of
monthly hour rates by six authorities, a mean of which there was
plotted as broken-line curve 4, Tig. 2. Below this in curve C are

4 Publications of the Leander McCormick Observatory.

5 Charles P. Olivier, “Meteors,” Williams & Wilkins Co., Baltimore, Mary-
land, 1925, page 182,




1170 Pickard: Meteor Showers and Radio Reception

plotted WBBM monthly means for 1926-1930. A relationship is
obvious; in fact the correlation between these curves is r=-+40.67
+0.11. But it is also apparent that the curves are somewhat out of
phase, reception lagging (as also indicated by 4, Fig. 1) about a month
behind meteors. In curve B in full line the author has advanced the
meteor curve one month, which obviously improves matters, and the
correlation now becomes r = +0.87 +0.05.

The writer believes the results above establish a prima facie case
for a relation between meteors and radio reception; certainly the sub-
ject warrants further study. It becomes increasingly clear that the
vagaries of radio transmission cannot be attributed to a single cause,
but merely arise out of the complex situation in which they occur. So
far, marked correlations have been found with solar activity, ter-
restrial magnetism, lunar-hour angle, meteor showers, and minor cor-
relations with temperature and barometric pressure.

It is perhaps too early to speculate on the mechanism by which
meteor showers affect radio transmission. At least it would seem that
Nagaoka’s hypothesis does not fit the above facts, for if meteors
merely “‘scratched the mirror,” all radio transmission should be ad-
versely affected, instead of which we find an increase of night fields. It
seems more likely that meteors act as an ionizing agent at such a level
and in such a manner as to improve night transmission and depress
day fields.

The author wishes to express his indebtedness to Professors Charles
P. Olivier and Willard J. Fisher for the meteor data employed, and to
the U. S. Coast & Geodetic Survey for the magnetic measurements.
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THE COOPERATION COMMITTEE PROGRAM FOR
1930—1931*

S WAS mentioned in the report of last year, the French Govern-
ment radio authorities began transmitting daily Ursigrams from
the Eiffel Tower (FLE) in Paris, on December 1, 1928. This

service has since been regularly maintained and extended to cor-
responding daily emissions from FLY Lafayette Station near Bordeaux
(15.7 ke/s or A=19.1 km) and FYB Paris-Pontoise (10,581 ke/s or
A=28.35 m). Both emissions are made at 20.30 G.M.T.! and in clear
uncoded) French language.

Commencing with August 1, 1930, there has been a regular daily
Ursigram emitted in code, from the U. S. Navy Radio Station NAA,
Washington, D. C., under the auspices of “Science Service”, Washington.
The transmission is at present at 22.00 G.M.T. on frequencies 12.045
and 4.015 me/s. This American Ursigram service has been brought into
effect by the codperative effort of a number of American scientific or-
ganizations, especially the U. 8. Coast and Geodetic Survey, the
Smithsonian Institution, the Carnegie Institution, the U. S. Army,
the U. S. Navy, Science Service, and the American Section of the
U.R.S.I. The data for the daily bulletin are forwarded to Science Serv-
ice, Washington, from distant parts of the United States, largely with
the aid of the Army radio-net. The Ursigram is compiled by Science
Service and delivered to the Navy Department, which issues it from
NAA. These Ursigrams are ordinarily received in western Europe, in
Canada, South America, and over the Atlantic Ocean broadly. The
data are also given in mimeographed bulletins sent by Science Service
to interested parties.

The French Ursigram relates to variationsin:

(1) the earth’s magnetic field observed at Val Joyeux near Paris;

(2) the gradient of atmospheric electric potential observed at Val
Joyeux near Paris; and

(3) Solar surface activity, sun spots, faculae, etc., observed at
Meudon near Paris.

The American Ursigram relates to variations in:

(1) MAG, the earth’s magnetic field, as observed at Tucson, Ariz.;

~ * Decimal classification: R005. Original manusecript received by the In-
stitute, Ma¥ 15, 1931. Report of the Codperation Committee, presented by the
Chairman, Dr, A. Ii. Kennelly, at a meeting of the American Section of the In-
ternational Scientific Radio Union, Washington, D. C., May 1, 1931.
! Greenwich Mean Time, i.e., time which begins with zero at midnight,
sometimes called Greenwich Civil Time.
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(2) SUN,? groups and number of sun spots, as observed at Mount
Wilson, California.

(3) SOL,? the solar thermal constant, as observed at Montezuma,
Chile.

The American Ursigrams are in code groups mainly of five numerals.
They commence with the word URSI and end with the word Scien-
servc. The code is explained in a Science Service Bulletin, and also in
the ProceepiNgs [.R.E., 18, 1469; September, 1930. They are com-
piled weekly by Science Service and a limited number are mailed to
applicants, together with corresponding compilations of French Ursi-
grams for the same week. It is possible that the code material may in
the near future be supplemented by plain language comments em-
phasizing any related events of particular interest not covered in the
code message. These comments are to be considered as additions to,
and in no sense substitutes for, the coded reports. The added labor
involved in transmitting such information is usually not large. It may
be desirable to include more complete data in regard to solar activity
(such as flocculi, magnetic indexes, faculae, ete.) in the Ursigram data
also, perhaps weekly.

The possibility of including data as to major earthquake disturb-
ances should also be considered.

It has been the aim of the Liaison Committee of the URSI to dis-
tribute information concerning these Ursigram services to many inter-
ested persons and groups. It has similarly been the aim of the American
Section Committee on Codperation to aid in the same task.

PuBricaTioN or AMERICAN URSIGRAMS

Commencing with the December, 1930, number, Terrestrial M ag-
netism and Atmospheric Electricity, an International Quarterly Journal
(conducted by Louis A. Bauer and J. A. Fleming and published under
the auspices of the Johns Hopkins Press, Baltimore, Maryland,
U. 8. A.) has printed a quarterly table of the contents of American
Ursigrams (MAG, SUN, and SOL), in decoded form, from material
collected at the Department of Terrestrial Magnetism, Carnegie
Institution of Washington. The first publication appears on pages 252~
253 of No. 4, Vol. 35, (December 1930) covering the quarter August
1-October 31, 1930. A preliminary announcement of the code to be
employed appeared on pages 184-185 of the same Journal, in No. 3,
Vol. 35 for September, 1930.

2 It is proposed to change these designations to SOL and RAD, respectively,
to avoid conflict with some proposals of the French Committee.
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ProroseDp BriTisg URSIGRAM

A weekly coded Ursigram from the British Committee has been
under contemplation, for emission from French Ursigram radio trans-
mitting stations, covering measurements of the apparent height of the
jionized atmospheric layer or layers, at specified times, places, and fre-
quencies, and also apparent positions of major sources of atmospheric
electrical disturbances. It is hoped that this program may be put into
effect, as soon as arrangements for making, collecting, and transmitting
the data shall have been completed.

It seemed desirable to the URSI Liaison Committee that cosmic
data collected in Europe should be emitted, if possible, through the
French ursigram stations only, so as to avoid the difficulties and con-
fusion incident to the reception of a number of Ursigrams issuing from
different European radio stations at different hours of the day.

ProsucTEDp CHANGES AND EXTENSIONS
IN THE FRENCH URSIGRAMS

It is expected that the French Ursigrams will be changed, in the
near future, from plain French language to”code, the transmitiing
times, stations, and frequencies remaining the same as at present. The
plan is to emit in code at 21.15 G.M.T.

(1) ameteorological bulletin (BAR)

(2) a magnetic field bulletin (MAG)

(3) an electric field bulletin (ELC)

(4) a solar bulletin (SOL)

These may also soon be followed by a coded British bulletin, as already
mentioned, and by a coded hulletin on auroral observation emanating
from the URSI Norwegian committce.

ProsecteDd IEXTENSIONS IN THE AMERICAN URSIGRAMS

It is proposed to add to the daily American Ursigram a coded bul-
letin (KHL) relating to measurements of the apparent height of the
jonized layer or layers, at specified times, locations, and frequencies. It
is also proposed to add a coded bulletin concerning auroral ohserva-
tions (AUR) at College, Alaska, in approximate Jatitude (using data
from the Alaska Agricultural College and School of Mines) 64.8 de-
grees N, longitude 147.7 degrees W., within 2 degrees of the arctlic
circle. The KHIL bulletin may be inaugurated on an initial weekly
basis about June 1, using data from the Bureau of Standards, and to
be given more frequently whenever the supply of data permits.

The code used for the KHL data is similar to that used for the
other data. It includes a three-leiter identification and two five-digit
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groups. It can be expanded indefinitely, if data become available from
a multiplicity of sources by adding more five-digit groups. Following
the three-letter identification, the first five-digit group gives the place
and the radio frequency, and the second five-digit group gives the day
of week, time of day, and effective height of the layer. An illustration
would look like

KHL 31348 61513

The three-letter identification stands for Kennelly-Heaviside layer.
In the first five-digit group, the letter given first indicates the place
(the code for these places to be agreed upon and published; e.g., 3 for
Washington). The other four digits in this group give the frequency,
in tens of kilocycles per second. In the second five-digit mean group,
the first digit gives the day of the week, precisely as is done for “Sol,”
“Mag,” and “Sun.” The second and third digits give the nearest hour
in Greenwich Mean Time. The fourth and fifth digits give the effective
height of the layer, in tens of kilometers.

Thus, the above illustration states that the effective layer height
at Washington, for a frequency of 13,480 ke /s, on Friday at 15 Green-
wich Civil Time, was 130 kilometers.

Whenever there are observational data on two heights (£ and F
layers of Appleton), a complete numerical group should be given for
each.

This code permits the radio frequency to be stated with sufficient
precision, over the whole range of radio frequencies. It also gives the
time of day and the layer height with sufficient precision. The layer
height given is the virtual layer height ordinarily given directly by
echo-signal calculations.

Any unused character will be transmitted as an X, as is already
the practice in the present daily Ursigrams. For example, a frequency
of 830 ke would be transmitted as XX&3, the time 5 would be trans-
mitted as X5, and a layer height of 80 kilometers would be trans-
mitted as X8. g

MEegrTINGS 0F THE U. S. NATIONAL
Com1TTEE ON COGPERATION

During the past year, meetings have been held in Washington on
April 28 and November 20, 1930, at which discussions were devoted
to the codperation program, in general, and the Ursigram program, in
particular. The list of committee personnel is the following: A. E.
Kennelly, (chairman); E. F. W. Alexanderson, L. W. Austin, Watson
Dayvis, J. H. Dellinger, J. A. Fleming, N. H. Heck, S. C. Hooper, W. J.
Humphreys, G. W. Kenrick, (secretary), H. Mitchell, W. J. Peters,
A. H. Taylor, K. B. Warner, and L. E. Whittemore.
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TEMPERATURE RATING OF ENGINE DRIVEN AIRCRAFT
RADIO GENERATORS*

By

C. B. Mirick! anp H. WiLkIE?

(Naval Research Laboratory, Bellevue, Anacostia, D. C.,
?Department Signal Office, Fort Shafter, Honolulu, T. H.)

Summary—Previously described methods of temperaiure measurement and
computation are applied to engine driven aircraft radio generators in Aight. Observed
and computed heating curves are shown from which an emission constant for this
type of machine has been derived.

STUDY of temperature rise in wind driven aircraft radio
A generators is reported in an earlier issue of these transactions.!

It is here desired to take up an application of the same methods
to engine driven aircraft radio generators. So far this analysis has been
confined to direct-current double voltage generators designed for
mounting in a vertical position directly behind the upper cylinder of
the radial air-cooled engine. The gear ratio of drive is such that the
generator turns one and one-half times engine speed.

In modern planes, the engine speed may vary over quite a wide
range, which entails some kind of voltage regulation. This is usually
accomplished by means of a vibrating reed type of regulator which
varies the field current at a rate depending upon the speed of the engine.
By this means the voltage is held almost constant over a two-to-one
speed variation. With such an arrangement,the losses in the generator,
and therefore the heating, should vary considerably with speed. For
purpose of test the speed was kept constant as possible at what was
considered a normal cruising speed. During flight tests, the same speed
was maintained as in ground tests. Other conditions of flight, such as
altitude and ambient temperature varied quite widely, though some
effort was made to keep them constant. All of the flight tests were made
in a Vought Corsair plane equipped with a Pratt and Whitney Wasp
engine.

The generators on which these tests were made, are shown in the
photograph while their weights, losses, and efficiencies, are given in
Tables I and II. Figs. 1, 2, and 3 show an observed temperature rise
in the No. 1 generator with regulator, as tested in still air, at 3/4 load,
full load, and 1-1/4 load respectively. Figs. 7, 8, and 9 show similar
tests of the No. 2 generator. The b curve on each of those curve sheets

_ * Decimal classification: 621.313.33. Original manuscript received by the In-
stitute, March 13, 1931.

1 Proc. [. R. E., 17, December, 1929.
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TABLE I
Engine Driven Generator No. 1
Weight. ... .. . cf0pa . el - os o - ke - - 5 20.5 lbs.
Diameter. . .............. ... .. ... .. 4.75 inches
Lengthtign oo b e ot b 88 L o bt A 9.5 inches
Rating
6 amperes at 15volts.......... ... ... .. 90 watts
0.36 amperes at 450 volts. . ...... ... ... .. 162 watts
Total..o. .o 252 watts
Speed during test. 2500 r.p.m.
Altitude during flight test
L A L e L 2600 feet
S 4000-6000 feet
(= 7S R S S 6000 feet
Over-all
Losses Efficiency

Total Losses and Efficiency at 75 per cent load . 126.5 watts 59.6 per cent
at 100 per cent load 147 .6 watts 63. per cent
at 125 per cent load 164.5 watts 65. per cent

TABLE II
Engine Driven Generator No. 2
Weight.. ... ... ... ... ... ... ...... 35 pounds
Diameter................................ 5.625 inches
Length.. ... ... ... ... ... ... ... ....... 11 inches
Rating
10 amperes at 14.6 volts. . ........ ... .. ... 146 watts
0.36 amperes at 1000 voits. . ............. ... 360 watts
TotalslvaaGenmla® . oo s eneahe. oo 506 watts
Speed during test. 2500 r.p.m.
Altitude during flight test
0 Ly S == 2000 feet
L e . 1800 feet
12, pali ot 3T eee 1800 feet
Over-all
Losses Efficiency
Total Losses and Efficiency at 75 per cent load 207 . watts 65  per cent
at 100 per cent load 265, watts 65.6 per cent
at 125 per cent load 275. watts 70 per cent
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Fig. 1-—Generator No. 1 in still air, 75 per cent load.
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is computed from the dimensions of the generator and the measured
losses using the method outlined in the earlier paper. The area used in
computations was that of a cylinder having a diameter equal to the
mean diameter of the generator, and a length equal to the over-all
measurements including the bearings. The emissions constant of 0.033
was used for still air. Figs. 4, 5, and 6 show observed lheating curves
for the No. 1 generator operated during flight, but with load and speed
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Fig. 9—Generator No. 2 in still air, 125 per cent load.
conditions corresponding {o those prevailing during the preceding
ground test. I'igs. 10, 11, and 12 are similar records of the No. 2 genera-
tor. Based on these six flight measurements a new constant of emission
for engine driven generators in flight was determined as 0.0671. Using
this constant the b curve for the flight test sheets was computed.

It may be noted that the observed heating curves for the ground
tests are quite different in shape from the computed heating curves,
whereas previous tests of other generators of the wind driven type show
a much closer agreement. This is believed to be the result of thermal lag
and temperature gradients within the generator. As originally pointed
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out, such conditions are to be expected, though why this type of ma-
chine reveals a wider variation from the normal type of heating curve
from those previously measured is not entirely clear. It may be noted
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Fig. 10—Generator No. 2 in flight, 75 per cent load, altitude 2000 feet.
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Fig. 11—Generator No. 2 in flight, 100 per cent load, altitude 1800 feet.

that the observed curves for these ground tests start below the recorded
ambient temperature in each case. This is due to the fact that the runs
were always started in the morning and the room warmed up before the
generator did. No doubt this condition effects the general shape of the

curve.
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In studying the sheets showing flight tests, it is seen that the initial
generator temperature is always considerably above the ambient tem-
perature as observed by thermometer on a wing strut. This occurred in
spite of the fact that the generator was always flown with open field
circuit until the temperature settled down, before commencing a test.
This usually required about 10 minutes. It was at first reasoned that the
generator, mounted as it is, directly behind the engine cylinder and in
the direct blast of the propeller, would be in a constant stream of warm
air, therefore the true ambient temperature would be that at which the
observations commenced. However, the curves computed on this as-
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Fig. 12—Generator No. 2 in flight, 125 per cent load, altitude 1800 feet.

sumption were an entirely different shape from the observed curves
and no emission constant could be found which seemed to fit.

It was then concluded that the cooling was controlled by the gen-
eral temperature of air, but that the generator had been subjected to a
certain amount of preheating acquired during flight and the previous
period of warming up the motor on the ground. By using the tempera-
ture rise at the first, observation in the equation for the heating curve
and solving for the time, a corrected initial time was obtained from
which the computed curve was laid off. This is merely equivalent to an
assumption that the preheating and consequent emission took place at
the same rate as that which occurred when the generator was operating
under load.
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Using this procedure, the agreement between the observed and
computed curves is found reasonable. It is therefore concluded that an
emission constant of 0.067 is fairly close for engine driven generators of
this type at least. From this and previous work, it may be stated in
round numbers that the temperature rise in engine driven generators

Fig. 13—Engine driven aircraft radio generators used in this study.

in flight is two-thirds of what it would be in still air, while for a wind
driven generator in flight it is about one-third. The rapidly accruing
flight record of these engine driven generators in service without any
evidence of overheating, is taken as confirmation of this conclusion. It
is desired to acknowledge the assistance of Assistant Radio Inspector
A. H. Johnson who helped with the installations and made some of the
flight tests.
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THEORETICAL AND PRACTICAL ASPECTS OF
DIRECTIONAL TRANSMITTING SYSTEMS*

By

E. J. STERBA
(Bell Telephone Laboratories, Inc., New York City)

Summary—This paper discusses some of the more important principles in-
volved in the development of the directional transmitting antennas at present em-
ployed in the Bell System short-wave facilities. The theoretical performance of direc-
twe arrays is presented by means of various curves which have been obtained by
integrations based upon Poynting’s theorem. The details of the mathematical deriva-
tions are omitted for the sake of brevity, but the general procedure and the resulting
formulas have been placed in an appendiz. Various practical problems encountered
in the development are described. These include antenna tuning procedure, trans-
mission line adjustments, and sleet melting facilities.

I. INTRODUCTION

URING the past ten years considerable attention has been
ID given to directive antennas. Many of these studies have ap-
peared as papers in various technical publications. This paper
and a companion paper by G. C. Southworth! discuss some of the
problems encountered in the development and design of transmitting
antennas for the short-wave transoceanic facilities of the Bell System.
Fundamentally, the advantage to be derived from a directive trans-
mitting antenna is the power economy effected in laying down a re-
quired field strength in a chosen direction. The improvement is brought
about by interference between waves emitted from the several sources.
Reinforcement, usually complete, occurs in at least one direction and
reduced signal in one or more directions. The net result is a reduction of
radiated power required to maintain a given signal in the direction of
reinforcement.

For example, suppose (n) like antennas each bearing a current (/)
are distributed over an area at intervals comparable to a wavelength.
Suppose that the configuration and phasing is such that in some direc-
tion complete reinforcement occurs, that is, the field strength from the
combination is (n) times that from one antenna alone or (n/) units.
The total power radiated by the combination if there were no couplings
between the elements could be expressed as:

Ps = nRI? (1)

* Decimal classification: R125. Original manusecript received by the Insti-
tute, October 8, 1930.
1 G. C. Southworth, Proc. I.R.E., 18, 1502, 1930.
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in which (R) is the radiation resistance of each antenna. In order to ob-
tain (nl) units of field strength from one antenna alone it is necessary
to increase the current in the one antenna (n) times and the power

radiated becomes;
Py = R(nl)2. (2)

The improvement of the array over one antenna may be obtained from
the ratio of powers:

Py

— =n. (3)

P
That is, the array requires but (1/n) of the power consumed by one
antenna in laying down a required field strength.

On the other hand, if it were assumed that the power input to the
array and to the single antenna were equal, it could be shown in a
similar manner that the field intensity from the array in the direction
of complete reinforcement would be A/n times that from the one
antenna alone.

In practice, it is generally inconvenient to.employ a configuration
of antenna elements in which interelement couplings are of negligible
magnitude. In fact, there are element configurations and element cur-
rent phasings for which the power required to lay down a given field
intensity in the chosen direction is reduced by more than the factor
(1/n). Any attempt at a rigorous computation of the power radiated
by a directive array must take into account the interaction of the cur-
rents in the individual elements. This may be done directly? by comput-
ing the electromotive forces (in phase with the currents in each ele-
ment) which are induced into each element by currents flowing in all
the other elements, and then proceeding by the method already out-
lined. On the other hand, an indirect method for taking account of
interelement coupling is involved in the process of assuming currents
in the individual elements, computing the intensity about the array
and obtaining the power radiated by means of Poynting’s theorem.
Since the results so obtained may be interpreted as the power re-
quired to maintain the currents assumed in the individual antenna ele-
ments these will, therefore, include the effects of interelement cou-
plings. The latter method will be employed in this paper.

A convenient numeric for stating the effectiveness of a directive
array is obtained from the ratio of power consumed by one antenna to

2 A scheme of this kind was disclosed to the writer several years ago by J. C.
Schelleng of the Bell Telephone Laboratories, who has employed this method
as a check upon several of the results to be found in this paper. A similar scheme
was recently described by A. A. Pistolkors, Proc. IR, E., 17, 562, 1929.
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the power consumed by an array of antennas when equal field inten-
sities are produced in the chosen direction. If the reference antenna is
one of the array elements alone the numeral is the improvement over
one of the array elements alone. In order to compare different directive
arrays it is necessary to set up an arbitrary standard. It has been
found convenient to use a vertical one-half wave Hertz antenna as a
standard of comparison. As used the midpoint is somewhat more than
one-quarter wavelength above ground. The improvement factor for a
directive antenna is defined as the ratio of powers radiated by a stand-
ard comparison antenna to that radiated by the directive array when
equal intensities are produced in the chosen direction. When the im-
provement factor is expressed in decibels it is called the “gain” of the
array.

Many of the computations in this paper will be made for arrays of
short elements grounded to a perfect metallic reflector, and will be
expressed as decibels improvement over one of the array elements
similarly grounded. Identical results would be obtained if an array of
short elements far removed from all reflecting surfaces were assumed,
providing that the result were expressed as improvement over one of
the array elements far removed from reflecting surfaces. This assump-
tion greatly simplifies the computations. Extensive calculations may
be made without great effort and it is possible to observe closely the
mechanism by which antenna gain is obtained. The earth at the shorter
wavelengths is far from being a perfect metallic reflector. It is desirable
in many cases to omit the effects of reflection from the earth rather
than to assume the reflection laws of a perfect metallic reflector.
Where reflection from the earth has been ignored and the results
stated as the gain of the array over one of the array elements, the
computations may be applied to arrays of either vertical or horizontal
elements, it being assumed that the single element is parallel to the
elements in the array.

In order to employ Poynting’s theorem for computations of power
radiated by an array it is first necessary to compute the interference
pattern about the array. In general, this is done by adding in correct
time and space phase the field from the several antenna elements at a
point in an arbitrary direction and remote from the system. This sub-
ject has been treated excellently in a number of publications and will
not be taken up in this paper. For the same reason no diagrams of
directive patterns will be given. The reader interested in these diagrams
will find extensive collections in papers by R. M. Foster® and G. C.

Southworth.!

"~ ¢ R. M. Foster, Bell Sys. Tech. Jour., 5, 292, 1926.
} Loc. cit.
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The general procedure and the resulting equations for antenna gain
as computed from Poynting’s theorem have been placed in an appendix

to this paper.
II. THEORETICAL STUDY OF ANTENNA GAIN

This section of the paper is a theoretical study of the mechanism
by which gain is obtained from directive arrays. It is confined chiefly
to the study of antenna elements in rectangular array. This does not
imply that other antenna configurations are unworkable, but that
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Fig. 1—The curves give the imgroverr}ent expressed in decibels of a number of
short antenna elements in broadside array over one element as a function
of array length and for a number of element spacings.

rectangular arrays are very practical from the standpoint of feeding
and supporting structures.

A rectangular configuration of antennas may be viewed as several
rows and columns of elements. A row of parallel elements may be called
a coplanar array. Besides extending in two horizontal dimensions the
array may extend in the vertical direction. Thus, a coplanar array may
comprise several tiers of elements stacked one above the other. Tiers of
elements may be viewed as colinear arrays.
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Computations are made, first, for the more simple configurations
and then for the combinations of these simple arrangements which form
a large array. In order to keep the problem within hand some additional
assumptions are necessary. The utility of the results is not seriously
affected by assuming that the elements are spaced at equidistant in-
tervals, that the elements are excited by currents of equal magnitude,
and that the phase of the element currents progresses in uniform
intervals from element to element of the array.
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Fig. 2—The curves are similar to Fig. 1 and give
cases of wide element spacing.

Coplanar arrays may be divided into two general types: broadside
arrays and endfire arrays, so called because the preponderance of
radiation is normal to the plane and in the plane, respectively, of the
array.

There is a preponderance of radiation normal to the plane of an
array when all the elements bear currents of equal magnitude and
phase. The advantages to be derived from such an array expressed in
decibels improvement over one of the array elements for the case of
equal power inputs may be obtained from the curves of Figs. 1, 2, and
3. The first two figures plot decibels improvement of the array over one
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of the array elements as a function of array length and for several ele-
ment spacings. Two sheets were employed owing to the proximity of
the curves. It is of interest to note that for element spacings less than
three-quarters wavelength the improvement factor is a function
chiefly of array length. Another important observation is that for
array lengths longer than about two wavelengths an improvement of
3.0 db is obtained when the array length is doubled.
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Fig. 3—The data of Figs. 1 and 2 are replotted to show
the optimum element spacing relation.

The foregoing computations are replotted upon I'ig. 3 as a function
of element spacing and the number of elements. When plotted in this
manner an optimum spacing is disclosed which, as the number of ele-
ments is increased, approaches approximately three-quarters wave-
length. In view of the fact that the improvement factor is a function
chiefly of over-all array length, optimum spacing is usually not of great
utility except where for economical reasons only a few elements may
be erected.
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If in a coplanar array the current phasing in fractions of a period
is made numerically equal to the element spacing expressed in frac-
tions of a wavelength, an endfire array is formed. Computations for
endfire arrays appear as the curves of Fig. 4. The improvement factor
expressed as decibels improvement over one element of the array is
plotted as a function of array length for a number of element spacings.
As may be determined by comparing Figs. 1 and 4 there is no great
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Fig. 4—The curves give the improvement expressed in decibels of a number of

elements in endfire array as a function of array length and for a number of
element spacings and phasings.

difference in the improvement factor for broadside and endfire arrays
providing that the element spacing is less than three-eighths wave-
length.

There is one well-known property of endfire arrays which is very
useful. If the element phasing is an odd number of quarter periods and
the element spacing is an odd number of quarter wavelengths the pre-
ponderance of radiation is in one direction. Arrays employing this one
principle may be constructed. The more common scheme, however, is
a combination of unidirectional endfire systems and broadside systems,
that is, rectangular arrays.

Equations for the improvement factor of rectangular arrays appear

.
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in the appendix. Computations for only one particular array have been
placed in the paper. These are the curves of Fig. 5. The computations
were made for the following conditions. The array is assumed to com-
prise (¢) broadside rows of (n) elements each. Both the row and ele-
ment spacings are assumed to be three-quarters wavelength. The end-
fire phasing, that is, the column phasing, is assumed to be three-
quarters period.
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Fig. 5—The curves give the improvement expressed in decibels for one case of
rectangular arrays as a function of the number of elements (r) placed in
broadside rows and the number of clemenis (¢) placed in endfire columns.
Both row and column spacing is assumed to be three-quarters wavelength.
The endfire phasing is assumed to be three-quarters period.

The first point of interest is that exactly 3.0 db is acquired by
employing the second row so as to form unidirectional endfire columns.
Upon examining the equations it is found that an apparent gain of 3.0
db (an improvement factor of 2.0) is obtained over one broadside row
whenever the column phasing is an odd number of quarter periods. Of
course, the gain is 3.0 db only for those combinations which give com-
plete reinforcement, that is, the column spacing must also be an odd
number of quarter wavelengths. The explanation is simple. If two
Qlemcnts in a column bear currents ninety degrees out of phase, the
increase in power required to maintain unit current in one element due
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to the coupling between elements is exactly offset by the decrease in
power required to maintain current in the other. The total power re-
quired to drive both elements is, therefore, exactly twice that for one
element and if the element spacing is such that complete reinforce-
ment is obtained in but one direction, twice the power is radiated in
that direction or a gain of 3.0 db is acquired.

The improvement from three rows is approximately 1.0 db more
than two rows. Succeeding rows add less to the gain of the array. In
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Fig. 6—The curves give the improvements expressed in decibels both in the pre-
ferred direction and the opposite null as a function of the numeric: row

phasing expressed in fractions of a period equal to row spacing expressed
in fractions of a wavelength for a short two-row system.

order to obtain marked improvement the length of the columns must
be of the same order as the length of the rows.

The two-row unidirectional system is of practical interest because
it is the ideal case of the familiar exciter-parasitic reflector system. For
this reason some additional computations have been made. The as-
sumptions are that the array comprises two broadside rows, that each
row is four elements spaced at one-half wave intervals and that the row
spacing and row phasing are variable. The computations have been
made for the smallest unit which is typical of a large array.

-5
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In Fig. 6 the gain of the above two-row system is plotted as a fune-
tion of row phasing for the particular case when the row phasing ex-
pressed in fractions of a period is made numerically equal to the row
spacing expressed in fractions of a wavelength. Both the gain in
“front,” the preferred direction, and to the “rear,” the opposite null,
are shown on the fizure. The results are corrected for incomplete rein-
forcement. The null to the “rear” occurs for the values: 1/4 wave-
length, 1/4 period. The sides of the curve in this region are very steep
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Fig. 7—This is a special case of Fig. 6 in which the row spacing is fixed at one-
quarter wavelength and the row phasing is the variable. The dependence
of undirectional transmission upon the phase of the current in the second
row is of particular interest.

which means that the adjustment is critical. Maximum gain in “front”

does not occur for this adjustment but at a somewhat higher value.

The increase in gain in passing to the optimum adjustment is of negli-

gible value.

In order to examine the effects of row phasing in more detail the
data of Fig. 7 have been computed. The two-row system of Fig. 6 is
assumed. It is also assumed that the row spacing is fixed at one-quarter
wavelength and that row phasing is the variable. It is useful to observe
that the phase adjustment is not very critical if an absolute null in the
“rear” is not required and that the gain in “front” is even less critical.
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It is for this reason that a parasitic reflector may be slightly detuned to
obtain a desirable null without measurably affecting the gain in the
preferred direction.

When the practical limitations of length and breadth of a directive
system are reached the system may be extended in a vertical direction.
That is, several units may be placed in tiers, one above the other, so
as to obtain additional signal improvement. In order to study the gain
to be acquired by placing antenna elements in tiers it is first desirable
to examine some simple cases in detail and then to pass to the more
complex systems.
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Fig. 8—The curve gives the improvement expressed in decibels of short in-phase
elements in colinear array over one element as a function of mid-point
spacing and for a number of elements. For the case of several tiers of broad-
side arrays the results given here are low by approximately 0.6 db.

The improvement of (p) short colinear in-phase elements expressed
as decibels improvement over one element is plotted on Fig. 8 as a
function of midpoint spacing. The equations appear in the appendix.
Computations have been made only for midpoint spacings of practical
importance. For large spacings the improvement curves oscillate and
approach ten times the logarithm to the base ten of the number of
tiers.

The improvement incurred in placing several tiers of broadside ar-
rays one above the other cannot be obtained directly by adding the
tier improvement, expressed in decibels to the row improvement ex-
pressed in the same units. There are couplings between elements in
such a system occurring in those directions for which diagonals may be
drawn which modify the net improvement. For brevity computations
are given for one practical system. It is a broadside row of (n) elements
spaced at one-half wavelength intervals, (p) tiers spaced at one-half
wavelength intervals between midpoints and a similar curtain forming

<t
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Fig. 10-—The curves give the improvement expressed in decibels over one of the
array elements of an ungrounded broadside row of short elements above a
perfect metallic reflector for several midpoint heights. The element spacing
is assumed to be one-quarter wavelength.
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a second row one-quarter wavelength away and phased at one-quarter
period with respect to the first row. The computations appear in Fig.
9. The equations are in the appendix. It is interesting and useful to ob-
serve that substantially the same result would have heen obtained
if to the improvement factor for the broadside row had been added the
tier factor of Fig. 8, the quantity 3.0 db for the second row and a cor-
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Fig. 11-—The curves give the improvement expressed in decibels over one of the
array elements of an ungrounded broadside row of short elements above a
perfect metallic reflector for several midpoint heights. The element spacing
is assumed to be one-half wavelength.

rection factor of 0.6 db for all broadside lengths longer than one wave-
length.

So far in the paper the reflecting properties of the earth have been
ignored. Computations of antenna gain which involve the dielectric
properties of the earth are difficult. Some interesting information, how-
ever, may be obtained by assuming that the earth is a perfect metallic
reflector. On this basis the curves of Figs. 10 and 11 have been cal-
culated. The curves plot the improvement of a broadside array over
one of its elements for a number of element midpoint heights above
ground and for two horizontal element spacings. The results so ob-
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tained are very little different from those of Fig. 1 for the case of short
grounded elements or short elements in space. The reason is that the
results have been expressed as the gain of the array over one of its own
elements. The results indicate that those couplings between antenna
elements which involve the earth do not affect to a marked degree the
broadside gain of an array.

An attempt to reduce the improvement factor to the gain over a
standard comparison antenna is not so readily computed. If the earth
is assumed to be a perfect metallic reflector the data of Fig. 12 are
readily obtained. The figure plots the gain of a vertical antenna ele-

STANDARD COMPARISON ANTENNA IS A VERTICAL HERTZ
db MID-POINT ELEVATION ONE QUARTER WAVELENGTH
20
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//
2 3 4 5 K 7 8, 9 10 T

MID~POINT ELEVATION OF ANTENNA ELEMENTS—WAVELENGTHS

Fig. 12—The curve gives the improvement of one element over a standard com-
parison antenna as a function of midpoint antenna height for well conduct-
ing ground.

ment of variable midpoint height over the standard comparison

antenna. The curve indicates in particular that the midpoint height of

a vertical element should be from 0.4 to 0.5 wavelength above a low

resistance ground.

III. LimiTaTiONS OF ANTENNA GAIN

Under the conditions assumed in the foregoing computations there
appear to be no limitations to the gain which may be realized from
directive systems. The computations show that if the number of ele-
ments in an array arc increased by a factor of two so as to increase one
dimension by the same factor a gain of approximately 3.0 db is to be
expected. There are, however, some very real limitations to the total
gain obtainable.

The cost and annual charge are limiting factors. From the stand-
point of annual charge it is more economical, after the dimensions have
reached certain values, to increase the signal strength by augmenting
the radio power equipment rather than enlarging the antenna. This
economical limit is to a large extent a function of the wavelength.

The sharpness of the directive pattern may limit the antenna gain.
Owing to a lack of homogeneity in the transmitting medium changes
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in direction along the path of a ray may occur. When the angular
width of the pattern is less than these deviations difficulties in the form
of fading and weak signals are to be expected. Both the horizontal and
vertical directivities are affected. The phenomena are too variable to
be described by any simple statement.

Such deviations are most evident when the directive pattern in the
vertical plane is narrow. Under certain conditions the theoretical gain
expected from some combination of units such as several tiers of ele-
ments is never realized. In fact an appreciable loss over one unit may
be found. At times the major lobe should be directed at an appreciable
angle from the horizontal. Quantitative information on this subject is
meager. In the 16-meter region vertical directivities such as those ob-
tained from three-tier-high antennas are very useful. On the other
hand, the utility of more than two tiers in the 30-meter region is very
questionable.

Directional fluctuations in azimuth reduce the gain when this is ob-
tained by excessive horizontal directivity. The limit is variable and not,
definitely known. For a broadside antenna there is some evidence that
little is gained by extending the antenna length beyond eight or ten
wavelengths.

Assuming the most useful radiation to be at low angles, the fore-
going considerations imply that the maximum to be expected from a
directive array is a gain of 2022 db. When the angle is so high that
the standard comparison antenna is ineffective this limit may be too
low. Other reservations may be required by the neglect of the actual
properties of the earth.

An example of antenna construction which approaches the appar-
ent limit of useful gain may be of interest. It is a 16.35-meter broadside
array of one-half wave elements in three tiers and 8.5 wavelengths
long. It was erected and tested at the Deal, N. J., field laboratory.
From Fig. 9 the gain of the antenna is 20.6 db. To this should be added
0.6 db obtained from Fig. 12 for 0.3 wavelength height of lowest tier.
The latter correction is questionable because the soil at Deal is far
from being a perfect metallic reflector. The gain also may be obtained
from Figs. 8 and 11.

Gain for broadside of 8.5 wavelengths 14.2 db
Gain for three tiers 3.4
Correction for tier gain (see section II) 0.6
Gain for reflector 3.0

|

Do
juy
[N}
(oW
o

[}

A



Sterba: Directional Transmitting Systems 1199

The gain of the antenna was measured in New Southgate, England.
The results when corrected for transmission line loss were found to be
21.7 db. The data appear as the curves of Fig. 13. The field intensities
plotted on this figure are expressed as decibels above one microvolt per
meter. The variations of the gain about the average result are largely
observational errors due to fading.

It is well known that the dielectric properties of the soil have a
marked influence upon vertical directivity and antenna gain. An
antenna developed upon one site might, conceivably, not be suitable at

1T 1 1 1
ELECTRIC FIELD STRENGTH ‘
MEASURED AT NEW SOUTHGATE

DIRECTIVE ANTENNA ; TYPE 85-D
COMPARISON ANTENNA ; STANDARD VERTICAL HERTZ
A= 16.35 METERS MAY 31,1928

AVERAGE OBSERVED GAIN 20.3 db
OBSERVED TRANSMISSION LINE LOSS 14db
GROSS GAIN 217 db __

THEORETICAL GAIN 21.2db

ANTENNA 85-D N
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Fig. 13— The figure plots a typical measurement of antenna gain. The directive

array is a three-tier-high broadside antenna 8.5 wavelengths long employing
a parasitic reflector. A standard comparison antenna was employed.

another. At some sites and at some frequencies the conduction currents
exceed the displacement currents and at others the opposite is true.
The characteristic phenomena for these two cases are radically differ-
ent. Under conditions for which the conduectivity is large, the calcula-
tions made in the preceding section apply substantially without cor-
rection. On the other hand, when the displacement currents predomi-
nate the optical properties of the soil are very different from those of
metallic reflection. Although the foregoing equations may give a fair
approximation ol gain over a comparison antenna located upon the
same site, these may he found very much in disagreement if the com-

parison antenna is erected upon soil of radically different dielectric
properties,
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Some idea of what is to be expected when the displacement cur-
rents in the soil predominate may be obtained from Fig. 14. The curves
depict the “space” characteristic in the vertical plane for vertical i
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Fig. 14—The curves give the directive diagram in the vertical plane about a
spherical source of radiation for several source heights above a perfect di- =
electric and for several values of dielectric constant. The lowest row is the
case of perfect metallic reflection.

polarization. By “space” characteristic is meant the diagram which
would be obtained if the antenna were replaced by a spherical radiator.
In order to obtain the total characteristic these should be multiplied
point for point by the diagram of the element grouping in the vertical
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plane. The reader interested in a more complete treatment is referred
to a paper “Asymptotic Dipole Radiation Formulas.”

It is interesting to observe that the antenna for which the above
experimental gain measurements were given was erected upon soil for
which the dielectric constant is approximately 30 and the resistivity
600,000 ohms-cms. The close check between calculated and experi-
mental values is probably a coincidence.

IV. MEASUREMENTS OF ANTENNA GAIN

It may be well to mention some of the precautions which should be
observed in measuring the gain of a directive antenna. Such measure-
ments usually are made by observing the field intensity at a remote
point in the chosen direction from the directive array and from a com-
parison antenna. It has been found convenient to employ a vertical
one-half wave Hertz as the standard of comparison. As used, the mid-
point is usually one-quarter wavelength above ground. It is desirable
to supply equal power to both antennas in order to eliminate correc-
tions and errors in reducing the data to a common power level.

Considerable care must be exercised to eliminate all stray coupling
between the directive antenna and the comparison antenna. Suppose,
for example, that the gain of an antenna from which an improvement
of 20 db is possible is being determined by experiment. At the time in
question suppose that the signal intensity from the comparison antenna
is being measured. A stray coupling between the directive and the
comparison antennas 20 db down will introduce considerable error be-
cause the current induced in the directive array will then be of the
same amplitude as the current in the comparison antenna. If at the
point of observation the field from the comparison antenna and that
due to the induced currents in the directive antenna are in phase the
field strength, which to the observer appears to be only that from the
comparison antenna, will be 6.0 db too high and the gain so measured
will be low by the same am