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ThHe aﬁmmm of mm@ Engineers

GENERAL INFORMATION

InsTITUTE. The Institute of Radio Engineers was formed in 1912 through the
amalgamation of the Society of Wireless Telegraph Ingineers and the
Wireless Institute. Its headquarters were established in New York City
and the membership has grown from less than fifty members at the start

to several thousand.

Amas AND Omiecrs. The Institute functions solely to advance the theory and
practice of radio and allied branches of engineering and of the related arts
and sciences, their application to human needs, and the maintenance of a
high professional standing among its members. Among the methods of ac-
comp{)ishing this is the publication of papers, discussions, and communi-
cations of interest to the membership.

Proceepinags. The ProceEepiNGs is the official publication of the Institute and
in it are published all of the papers, discussions, and communications re-
ceived from the membership which are accepted for publication by the
Board of Iiditors. Copies are sent without additional charge to all members
of the Institute. The subscription price to nonmembers is $10.00 per year,
with an additional charge for postage where such is necessary.

ResponsIBILITY. It is understood that the statements and opinions given in the
ProceepiNas are views of the individual members to whom they are credited,
and are not binding on the membership of the Institute as a whole. Papers
submitted to the Institute for publication shall be regarded as no longer
confidential.

RerriNTING PROCEEDINGS MATERIAL. The right to reprint portions or abstracts
of the papers, discussions, or editorial notes in the PrRocEEDINGS is granted
on the express condition that specific reference shall be made to the source
of such material. Diagrams and photographs published in the ProcEEDINGS
maynotbereproduced without makingspecific arrangementswith theInstitute
through the Secretary.

Man~uscriprs. All manuscripts should be addressed to the Institute of Radio
Engineers, 330 West 42nd Street, New York City. They will be examined by
the Papers Committee and the Board of Editors to determine their suita-
bility for publication in the PrRocEEDINGS. Authors are advised ag promptly
as possible of the action taken, usually within two or three months. Manu-
seripts and illustrations will be destroyed immediately after publication of
the paper unless the author requests their return. Information on the me-
chanical form in which manuseripts should be prepared may be obtained by
addressing the secretary.

Maivina. Entered as second-class matter at the post office at Menasha, Wiscon-
sin. Acceptance for mailing at special rate of postage is provided for in the
act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and
R., and authorizaticn was granted on October 26, 1927.

Published monthly by
THE INSTITUTE OF RADIO ENGINEERS, INC.
Publiqation office, 450-454 Ahnaip St., Menagha, (Wis.-

BusiNess, EpITORIAL, AND ADVERTISING OFFICES
Harold P. Westman, Secretary
330 West 42nd Street, New York, N. V.
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INSTITUTE SECTIONS

ATLANTA—Chairman, I. H. Gerks; Secretary, Philip C. Bangs, 218 Red Rock
Building, Atlanta, Ga.

BosTroN—Chairman, E. L. Bowles; Secretary, Roland G. Porter, Northeastern
University, Boston, Maass.

BUurrano-N1aaaRA—Chairman, L. E. Hayslett; Secretary, BE. C. Waud, 23b
Huntington Ave., Buffalo, N. Y. .

CH1cAGOo—Chairman, H. C. Vance; Secretary, J. E. Brown, 2022 Engineering
Building, Chicago, Ill.

CINCINNATI—Chairman, C. D. Barbulesco; Secretary, R. L. Freeman, Crosley
Radio Corporation, Cincinnati, Ohio.

CLEVELAND—Chairman, R. Morris Pierce; Secretary, J. S. Hill, 3325 Beechwood
Ave., Cleveland Heights, Ohio.
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bach, 42 Northwood, Chicopee Falls, Mass.

Derroir—Chairman, E. C. Denstaedt; Secretary, Howard S. Gould, 214
Tuxedo Ave., Detroit, Mich.

EmporroM—Chairman, Raymond R. Hoffman; Secretary, L. B. West, Hygrade
Sylvania Corporation, Emporium, Pa.

Los ANGELEs—Chairman, C. R. Daily; Secretary, L. W. Howard, 525 West
Central St., Anaheim, Calif.

NEew OrRLEANS—Chairman, L. J. M. DuTreil; Secretary, . B. Reynolds, Radio-
marine Corporation of America, 512 St. Peter St., New Orleans, La.

PriLapeLPHIA—Chairman, Knox Mecllwain; Secretary, R. L. Snyder, 103
TFranklin Rd., Glassboro, N. J.

PirrsBURGE—Chairman, Lee Sutherlin; Secretary, Branko Lazich, Union
Switch and Signal Company, Swissvale, Pa.

RocEESTER—Chairman, E. C. Karker; Secretary, H. A. Brown, 89 East Ave.,
Rochester, N. Y.

San Francisco—Chairman, Robert Kirkland; Secretary, Henry Tanck, RCA
Communications, Ine., Bolinas, Calif.

SeAaTTLE—Chairman, Earl D. Scott; Secretary, Harold C. Hurlbut, 2633-11th
Ave. N., Seattle, Wash.

ToronTo—Chairman, L. M. Price; Secretary, R. Klingelhoeffer, International
Resistance Company, 187 Duchess St., Toronto, Ont., Canada.

W asHINGTON—Chairman, Chester L. Davis; Secretary, Gerald C. Gross, Mt.
Vernon Ave. and Carter's Lane, Oakerest, Alexandria, Va.
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GEOGRAPHICAL LOCATION OF MEMBERS ELECTED
FEBRUARY 5, 1936

Elected to the Associate Grade

California Oakland, 646-63rd St...............ccvvvvveeenrvnnn.....Combs, E. E., Jr.
Georgia Columbus, Radio Station WRBL..........c.cvivvnnnenn. Hull, M. I.
Illinois Morrison, 304 Lincoln Way, E...vvt v iiin i i vnnnnnns Van Osdol, R. L.
Indiana Indianapolis, 6433 Shelley AvVe.. .o oot vt vein it ie e eenenns Slater, I. M.
Kansas Kansas City, 901 N, 8th St..vvvevtiniriiinieirneneenn. Hollister, H.
Minnesota Duluth, 145 W. Anoka St.....evuerieneuernennn.. SRR Scott, H. M,
New Jersey Harrison, RCA Radiotron Division, RCA Manufacturing Co.Perkins, T. B.
Merchantville, 606 W. Maple Ave.. ... vovernerennnnnnn. Trafton, D. C.
Orange, 449 Mountainview Ave........coovvun. .. ......Jacobus, H. R.
New York Buffalo, 56 “C” St.vvveevi i i in i nnnn... ...Bennett, P.A.

Greenport, L. 1., 218-4th Ave.......
Kenmore, 297 W. Girard Blvd. .
New York, 463 West St.........
New York, Rm. 1211, 180 Varick St

.Wood, R. H.
.Smith, G. G.
...Glass, M. S.
....Mason, W, P,

Niagara Falls, 1634-10th St...........coviininnnnnnnnn.. Rogers, K. E.
North Tonawanda, 1531 Kingston Ave. . . ...oeevenrven... Manning, F. W.
Tonawanda, 70 Elmwood Park, E....... oot e e ... Christensen, A. B.
Yonkers, 710 Warburton Ave.......oooveennenunnn.. ..Kidd, G. B.
Ohio Cleveland, National Broadecasting Co., 1367 E. 6th St........ Caskey, H. B,
Lakewood, 1641 Waterbury Rd.. . .o.vvrveeeneennnnn s, Weber, L. J.
Sandusky, 1910 Barker St, ....... ettt et Brindle, T. A. ’
Oklahoma Tulsa, 247 E. 2780 Ste. o vveninr it ie e e e, Floyd, F. M.
Oregon Oakridge. .. vu et ettt i it e e Wolf, B. A.
Texas Brenham, 604 8. Market. . ..oovvieinennnnrnnnnnnnnnnn, Lenert, R. H., Jr.
Laredo, 809 Zaragoza St........... e e ettt Curtis, P. E.
Lufkin, 124 Fred Ave.......covueeeeennnnn o0 Saxon, M.
Wisconsin Milwaukee, 2045 N. 57th Sto. .. vuvurenon o ... 0000 Eckert, T, A., Jr.
Burma Rangoon, Post Box 200. .. ........couvuennnn it Dunkley, E. J.
Canada London, Ont., Highland Rd.......................0"" Mclntosh, J. A.
Toronto, Ont., 374 Brunswick Ave............o.ooooonooo. Knap, H. B.
Vancouver, B. C., 1955 Wiley St.. . ....................°" Tupper, B. R.
England Brentwood, Essex, “Greywalls,” Shenfield Common. . .. .. .. Ewen, M. E.
London S. W. 5, 49 Eardley Crescent. .. ............... ..Bharucha, J. H.
London S. W. 13, 55 Lowther Rd., Barnes.. .......... .. .. Jones, I. C. A.
France . Ermont, (S. et 0.), 5 rue des Faillettes. .. .. .............. Grossin, H.
South India Trivandrum, College of Science...................ooo... Chacko, M. V.

Elected to the Junior Grade

Canada Cochrane, Ont., P.O. 92......oooviieunn e, Tremblay, E. C.
Elected to the Student Grade

California Berkeley, Bowles Hall, University of California........... n W

] Santa Paula, RI.D. 2, Box 222, v, < vs i s %é);gli', %. 8. Jr.
Georgia Atlanta, Box 44, Georgia School of Technology........... Jones, W, L., Jr.

Atlanta, 191 Poplar Circle, N. E........ Winfree, R. .

Massachusetts ~ Cambridge A, M.IT. Dormitories. . ..............o . 0 Lewis, I'. D.
Michigan Detroit, 258 S. Algonguin Ave. ............. .. 0000 Eisen, C. G
New Jersey Hoboken, 907 Castle Point Ter. .. MeAdie, C. H
New York Ithaca, 514 Wyckoff Rd........ ... . .l it Harry W )
Ohio Minerva, 307 E. Lincoln Way, . ceerieiii . RueH.E.
England London W. C. 1, 17 Brunswick Sqie e Becﬁ, AH W
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APPLICATIONS FOR MEMBERSHIP

Applications for transfer or clection to the various grades of membership
have been received from the persons listed below, and have been approved by the
Admissions Committee. Members objecting to transfer or clection of any of these
applicants should communicate with the Seeretary on or before March 31, 1936.
These applications will be considered by the Board of Dircctors at its meeting on
April 1, 1936.

For Election to the Associnte Grade

California Athambra, 3132 PoplarBlvd.. ..o Jeffords, R. D.
ol Monte, 1001 N. Tyler St,, Route 2.........ooevveenen ..Clark, J. II,
Inverness, Box 111........... . ... . . ... Yokeln, H. E.
Los Angeles, 2511-11th Ave.. ... .o neen Bertram, S.
Los Angeles, 906 S. Shenandoah Ave.. .. Birlenbach, S.
Los Angeles, 1607 S. Crescent Ieights .Brace, F. R.

Blvd.. .o,

Oakland, 5715 Oak Grove Ave....ovovie e e enees Aiello, J.
Stanford University, P.O. Box 946,00 .. oovo i Kulikowski, E. .
Connecticut Bridgeport, Rm. 316, YMCA. . ... oot Woreester, J. A, Jr.
District of
Columbin Washington, General Electric Co., 806-15th 8to............ Jacocks, T. B.
Illinois Chicago, 23090 W, 50th St.. ... oveeiiiiiiiiinen Hanik, P., Jr.
' Chiecapo, 1847 Berenice Ave., ..o Hayes, J.
Kansas Manhattan, 1641 Anderson Ave., . oo Paslay, L. C.
Maine Orono, Lord Hall, University of Maine................0oee Roberts, E. L.

Mnssachusetts  Cambridge, Dept. of Physies, Mass. Inst. of Teehnology . . . . Fleteher, R. .
Salem, Radio Eng. Dept., Hygrade-Sylvania Corp.. .. ..... .Heins, H.
Springfield, 61 Mountainview Stoo .. ..ol . .. Bassett, I5. D.

Swampscott, 44 Puritan Ave.. . ..o .Curtis, K. V.,
Michigan Wyandotte, Radio Station WIR, Route 1. .. Workman, W. B.
Missouri Joplin, 612 Islington Pl ... ... iiiiiiinnn Butterfield, . G., .Ir.
St. Louis, 4805 Leduc. . v coviviiiran e Emmerich, C. M.
New Jersey Merchantville, 4779 West End Ave.. oo oo Sims, W. 1., Jr.
New York Beacon, Drawer Foo ottt Ritchie, A. V.
Brooklyn, 701 Franklin Ave......coivoiniiiiaiiieines Day, G.
Brooklyn, 875 E. 21st St......... e iiiieeiieeeeu ..o Mazyek, ECH.
Coldwater, 245 Crestwood Blvd.. ... coovin i, O'Brien, J. C.
Flushing, 34-190 Murray St ..ot Hana, T. C.
New York, 50 E. Kingsbridge Rd... ... oot De Friesse, F.
Now York, 106-7th Ave.. ... covii ittt Greengard, J. E., Jr.
New York, 60 W.66th St.......oviiiii i, Kalv, P. D.
New York, IOE. 40th St.. .. .. ... oieiiiiiii e ....Ostrolenk, S.
New York, 444 Madison Ave... c.ooiiiniininiineinnns Porter, B. H.
. Queens Village, 9269-216th St.. Joss, E. T.
North Carolina Wilmington, 20 N. SthSto.....coveeevvean.. Peebles, N. A.
hio Akron, Firestone Tire and Rubber Co.............. ..Bosomworth, G. P.
Bedford, 32 Waudle Ave........cooiviaiiiiiiien, Jerome, W. IR,
Cincinnati, 4904 Arnold St... oo cviiin i iiiiin it Luhn, C. W,
Cleveland, 479 E. 112th St..... . vt e Chatterton, L. N.
Cleveland, 1311 Termingl TOWET. « vveveevennennennnn.....Snedeker, M. L.
. Lorain, 1305-14th St.. .. ..t ii ittt Heisner, D. A.
Pennsylvania  Emporium, 4173 Chestnut St..... ..ol Moore, W. R.
Narberth, 300 Essex Ave.... .. e eiitiiiieiiiiieiesee....Bean, N. 8.
Philadelphia, E. Cayugaand M Sts... ..o Keachie, J. H.
Tennessee Chattanooga, American Lava Corp.. ... .o voviineiiennnn Thurnauer, H.
Texas SoUrlAKe. o ve ittt e e Daniels, T. E,
Virginia Quantico, 1st Signal Co., Marine Barracks................ Kozakewiez, B. J.
Canada Burlington, Ont., 24 Ontario St..... .. ...t Scott, C. A.
Glencoe, Ont., Monitoring Station, R.R. No. 3.............Richardson, W. G.
Toronto, Ont., 269 Salem Ave......covieiie i Christie, J. B.
Toronto 9, Ont., 82 Glendonwynne Rd..... .. .....Dean, H. B.
Vancouver, B. C., 2306 Kitchener St.....cvecevnveenn.....Mayne, L. F.
England Brough, East Yorks, Melton Grange.. ....oooovieennnn.. Ganutby, H. R.
Cosham, Portsmouth, 122 Highbury Grove................ Jones, A. R.
Gidea Park, Essex, 131 Pettits Lane.. .. .. c.cvvevi i, Vigurs, R. .

Lichfield, Staffs, “Cartref,” Shenstone Ct. Dr..............Parsons, D. R.
Iﬁqllidon W. 8, Scophony Ltd., Thomwood Lodge, Campden

3 O Robinson, D. M
London S.W. 6, 6 Chesilton Rd., Fulham.................. Weale, D. A.
North Farnborough, Hants., “Quetta,” Ship Lane. .. ........Woods, C. I.
Holland The Hague, Mient 551, . covnuerneeeneeeniiiiieienenanss Bloemsma, J.
Italy Genova, Via Giordana Bruno 18............... e Monachesi, L.
. Milano, 4 Via S. Margherita. co oo veie i cviiiiiiiiieenen Ausenda, C.
Puerto Rico San Juan, RCA Communications, Inc., Edificio Ochoa. . ....General, J.
Scotland | Paisley, 9 Barclay Ste. cvve vt iieeeinnoneeiieieieeneeeannn Thomson, W. B.
South Africa Beaufort West, C. P., ¢/o Barclay’s Bank Ltd.............. Gibson, M.

v



Nlinois Chicago, 1725 Wilson Ave.. ... oot iiiiiinannns
Pennsylvania ~ Emporium, c/o C. A. Gasperson, 5 E. 4th St.. ..Somers, O. M.
Pittsburgh, 7137 McPherson Blvd.............. ... ... ... Bensley, J. T.
For Election to the Student Grade
California Pasadena, 400 N. Holiston Ave................iiun. Nestler, W. W,
Indiana West Lafay ette, Purdue Memorw.l Umon eveuov.....Lane, R. F,
Kansas Lawrence, 1011 Indiana St.. i .. ..Gemmill, F. Q.
Massachusetts Cambndge. M.IT. Dormitories . . .. .o ooomonono o Kerr, D. E.
West Somerville, 9 Lovell St.............................Howard, S. B.
Worcester, 25 Schussler Rd.. ............................Libby, L. L
Michigan Ann Arbor, 630 Packard St..............................Chapman, F. W,
Houghton, 273 College Ave.. . ........................... Bacon, C. W,
New Jersey Newark, 288 Ridge St. .. ... oo e e Brettell, G. A., Jr.
New York Brooklyn, 77 Linden Blvd.. ... .......................... White, R. L.
Tthaca, 207 Williams St.... ... .. . i Condren, J. M., Jr.
Ohio Cincinnati, 1248 Rutledge St., Price Hill. . .. .............. Brauer, . H.
Oklahoma Tulsa, 1227 8. FrisCo AVe.. ..ot it ie i ittt ie i e eenenns Grlfﬁth B.W., ITI
Pennsylvania Bethleher, 612 Montclair Ave. . . N ..Bomberger D.'C.
Phlladelphm 6814 McCallum St... ... ... I Weil, W, 8., Jr.
England London, S.W, 7, City and Guilds College, Exhibition Rd.,
South Ken=1ngton ...................................... Toot, G. H.
London N.W. 10, 17 Park Ave., West Twyford............Mole, J. H.

Applications for Membership

For Election to the Junior Grade

e D) e ) G oo
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OFFICERS AND BOARD OF DIRECTORS

(Terms expire Japuary 1, 1937, except as otherwise noted)

President

L. A. HAZELTINE

Vice Prestdent

VALDEMAR POULSEN

- T'reasurer Secretary Lditor
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Directors
ARTHUR BATCHELLER C. B. JoLIFFE
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SERVING UNTIL JANUARY 1, 1938
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INSTITUTE NEWS AND RADIO NOTES

Board of Directors

The Board of Directors held its regular monthly meeting on Febru-
ary 5 in the Institute office. Those present were Alan Halzeltine, presi-
dent; Melville Eastham, treasurer; Arthur Batcheller, H. . Beverage,
Alfred N. Goldsmith, Virgil M. Graham, L. C. T. Horle, C. B. Jolliffe,
A. F. Murray, E. L. Nelson, Haraden Pratt, H. M. Turner, L. 15 White-
more, William Wilson, and H. P. Westman, secretary.

Thirty-six applications for Associate membership, one for Junior
grade, and ten for Student membership were approved.

The accountant’s report covering an audit of the Institute’s books
for the calendar year 1935 was accepted.

The Secretary’s report on Institute operation during 1935 was ap-
proved and the Seeretary was instructed to publish an abstract of it
in this issue of the PROCEEDINGS.

Additional committee appointments were made and the final list
will be given in the April issue of the PROCEEDINGS.

Section 37 of the By-Laws to the Institute’s Constitution was
amended to read as follows:

Section 37. The period of Student enrollment shall not extend more than
one and one-half years beyond the date of award of the baccalaureate or leaving
the university or technical school except that the period of Student enrollment
may continue as long as at least half of the Student’s time is devoted to a regular
course of study in science or engineering in a school of recognized standing.

The Eleventh Annual Convention of the Institute will be held on
May 11, 12, and 13, 1936, in Cleveland, Ohio, with headquarters at the
Hotel Statler:

The Twelfth Annual Convention which will commemorate the
twenty-fifth anniversary of the founding of the Institute will be held in
New York City on May 10, 11, and 12, 1937.

Assistance to Institute members in obtaining employment will not
be continued in the same manner as in the past and the Iimergency
Employment Service as such was discontinued. A more complete re-
port on this appears elsewhere in these notes.

Papers for 1936 Convention

The program of technical papers to be presented at our Eleventh
Annual Convention, to be held in Cleveland, on May 11, 12, and 13,
is now being prepared. While invitations have already been extended
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to organizations active in radio enginecring work, it is not possible to
invite individually cach independent worker in the field. Those inter-
ested in presenting papers at the Convention should forward them to
the secretary by not later than April first so the committee may have
an opportunity of reviewing them to determine their suitability for
presentation.

Emergency Employment Service

At the February mecting of the Board of Directors it was agreed
that the Emergency Employment Service would be discontinued. This
service was established in January, 1932, because of the keen emer-
gency. existing at the time. Some commercial employment agencies were
collecting what appeared to be substantial fees for their services in plac-
ing men and it was the opinion of the Board of Directors that con-
siderable stimulation might be given to employment through contact
between the Institute and its members who were in a position to offer
employment to others. In the four years of its existence, its registration
reached a total of 811 of whom 579 were members of the Institute.
There were 634 jobs handled in that period and 471 filled. A large pro-
portion of the jobs filled were of a temporary nature.

At the present time there appears to be much less need for this serv-
ice than when it was originally established. As time went on, it re-
ceived fewer requests for men which had not also been placed with a
number of commercial employment agencies and thus merely added
one more organization to those active in the placement of men.

The effectiveness of this service was believed to diminish rapidly
with distance from New York of the member and potential employer.
The preponderant proportion of our placements have naturally been
in and around the location of our headquarters office. While contribu-
tions from the membership supported the service to g large degree;
this was not a serious limitation but during the past yvear the cost of
the service has been met chiefly from the regular Institute funds. It
was felt that expenditures of Institute funds should be along such lines
as would so far as practicable benefit the membership as a whole and
not any particular portion of it.

As a future program to assist unemployed members, the head-
quarters staff will continue to supply records of men to potential em-
ployers who request such information. The records of-those who have
already registered will be maintained and used.

An employment page open both to potential employers and Insti-
tute members will be available in the ProceEpINGs, Advertisements of
either type will be acceptable if they are of a suitable nature for publi-
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cation at a nominal charge of $2.00 cach. Tt is hoped that this charge
will pay the expense of publication. Instructions and information con-
cerning the placement of these advertisements will be supplied on re-
quest.

Committee Work

MuyBrrsinir COMMITTEER

A mecting of the Membership Committee was held in the Institute
office on IFebruary 5 and attended by I, W, Cunningham, chairman;
H. A. Chinn, I8, D. Cook, 1. S. Coggeshall, 1. C. Gawler, H. C. Hum-
phrey, J. C. Randall, W. A. Schneider, C. 15. Scholz, R. M. Morris, and
H. P. Westman, sceretary.

The committee reviewed some statistieal data prepared by the
seeretary concerning membership in the Institute and prepared some
material for use in circularizing delinquent members who might be
interosted in resuming their afiiliations with the Institute.

TrcaxicAL CoyMMITTEE oN Rapto RECEIVERS
The Subcommittee on Test Procedures of the Technieal Committee
on Radio Receivers of the Institute met on February 6 in the Institute
office. Those present were D. 2. Foster, chairman; L. F. Curtig, 15. T
Dickey, Sarkes Tarzian, . A. Wheeler, and 1. P. Westman, seeretary.
The committee continued its consideration of the existing report
and prepared a number of modifications and additions to it.

SEeTioNAL COMMITTEE 0N RADIO-ASA

Technical Committze on Radio Receivers

The Technical Committec on Radio Receivers of the Sectional
Committee on Radio met on January 31 in the Institute office. Those
present were G. L. Beers, chairman; C. J. TFranks, J. W. Fulmer, C. L.
Kilgour (representing . E. Johnston), George Rodwin (representing
F. A. Polkinghorn), Gordon Thompson, E. B. Wilby (representing D.
. Foster), and H. P. Westman, secretary.

The committee gave final consideration to a number of items which
are pending action by the Sectional Committee on Radio. It reviewed
a portion of a document submitted by the International Electrotech-
nical Commission as a basis for international standardization.

Institute Meetings

ATLANTA SECTION

A meeting of the Atlanta Section was held on November 21 at the
Georgia School of Technology. I. H. Gerks, chairman, presided and the
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attendance was fifty-five. There were twenty-one present at the in-
formal dinner which preceded the meeting. ,

A paper on “High Fidelity Transmission” was presented by J. H.
DeWitt, Jr., chief engineer of WSM in Nashville, Tennessee. In it he
outlined the results of his investigations of high fidelity transmission.
The improvements in transmission during the past several years were
outlined. Some of the points stressed were the relation between the
volume range and level of the original production with the reproduc-
tion at the loud speaker of the receiver and the need of keeping the
hum level at least sixty decibels below the normal signal level. The
opinion was expressed that magnetic and ecrystal microphones are
more suitable for high fidelity transmission than condenser and carbon
types. The paper was discussed by Messrs. Bayne, Daugherty, Dona-
van, Biselein, Fowler, Gerks, Middlebrooks, Reid, Shropshire, Turner,
and Wills.

The December meeting of the section was held on the 19th at the
Toll Office of the Southern Bell Telephone and Telegraph Company
in Atlanta. Professor Gerks presided, and there were thirteen present.

The evening was devoted to an informal inspection trip through the
Toll Office conducted by N. B. Fowler, technical employee, American
Telephone and Telegraph Company. The equipment examined and
described included that for wire photo, radio program, telegraphy,
carrier telephony and teletype uses.

BosTon Skerion

The Boston Section met on November 22 at Massachusetts Insti-
tute of Technology with I. L. Bowles, chairman, presiding. The meet-
ing was attended by seventy-five and twenty were present at the in-
formal dinner which preceded it.

The subject, “The Variable Air Condenser as an Impedance Stand-
ard at Radio Frequencies,” was treated by two speakers. R. . Field
of the General Radio Company discussed “The Tffect of Residual
Impedances in an Air Condenser” and D. B, Sinclair, a research associ-
ate at Massachusetts Institute of Technology, discussed “Methods of
Measurement.”

All impedance standards for use at radio frequencies must be cali-
brated at direct or low-frequency current and assumed to remain un-
changed or to follow a definite law as the frequency is increased. Of all
possible standards, the variable air condenser has the smallest residual
inpedances. It consists of a residual inductance and g resistance highly
localized in the leads and the stack support. Both are independent of
the setting of the condenser and change only slowly with frequency.
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The effcet of the inductance is to cause the effective capacitance to
increase both with frequency and with capacitance setting. This error
may be ten per cent at six megacycles for one thousand micromicro-
farads. The effect of the extra resistance is sufficient to total the series
rosistance at one megacyele for one thousand micromicrofarads.

The magnitude of these residual impedances may he determined by
observing the change in the ealeulated values of capacitance and resist-
ance by both series and parallel substitution methods for diflerent
initial settings of the variable air condenser. Straight-line plots of these
data not only yield values of the residual impedances but prove by
their lincarity the correctness of the initial assumptions. For a repre-
sentative precision condenser the inductance is 0.07 microhenry and
the resistance is 0.02 ohm. '

CHICAGO SECTION

The Chicago Section held its annual meeting on January 24 in the
R.C.A. Institutes Auditorium. H. C. Vanee, chairman, presided and
there were sixty present. Fourteen attended the dinner which preceded
the meeting.

A paper on “Features of Broadeast Studio Design” was presented
by T. H. Phelan, Audio Facilities Engincering Division of the National
Broadeasting Company. He outlined the construction of studios from
the time the building is finished by the builders to the placement of
the studio in service. Details were given of the construction of floors,
walls, ceilings, doors, windows, and heating and yventilating systems.
The problems connected with a floating flootr so as to isolate it from the
main building structure were covered. The isolation of walls from both
the floor and building were deseribed, and a sample section of both wall
and floor structures displayed. The ceiling, supported from above
rather than below, presents a different problem in which, however, the
same general prineiples are used. Doors and windows of double and
triple pancls floated on special isolating gaskets were described. Meth-
ods of soundproofing ventilating ducts and floors were given and sam-
ples of acoustically lined ducts were shown.

In the election of officers, H. C. Vance of the R.C.A. Vietor Com-
pany was elected chairman; J. I Johnson of Wells Gardner and Com-
pany, vice chairman; and J. I&. Brown, Bnginecering Department,
Tederal Communications Commission, was named secretary-treasurer.

CINCINNATI SECTION

The Cincinnati Section met in the Union Gas and Electric Company
Auditorium on January 9 with C. D. Barbulesco, chairman, presiding.
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The attendance totaled 250 and seventy were at the informal dinner
which preceded the meeting. ’

The first paper of the evening on “Mechanical Methods in the
Treatment of Respiratory Diseases” was by Louis Herrmann, Director
of Vascular Clinic, Cincinnati General Hospital. Dr. Herrmann de-
scribed his invention, which is called the “Pacvex” machine, as a motor-
driven device supplying alternating increments of a few pounds pres-
sure fluctuating above and below atmospheric to a chamber which en-
closes a limb of the human body. The application of pressure and rare-
faction in a cycle of five to ten seconds duration accomplished a dila-
tion of arterials and capillaries in order that blood circulation rendered
insufficient by conditions or disease in the limb treated is restored to
normal. Specific cases of gangrene, blood clots, and frostbite, which
had progressed to a degree necessitating amputation, were cited as
examples which had been cured by the use of passive vascular exercise.

The second paper by C. E. Lane of the Bell Telephone Laboratories
was on “Electric Wave Filters.” He first treated the subject historically
and classified filters as constant K, M derived, and latticed types.
Their merits and the effects of combining the latter two types to obtain
phase shift linear with frequency and the theory of terminal half sec-
tions to transform the filter impedance to match that of the connected
circuits were treated. The design of radio-frequency filters usually
makes necessary the transforming of the characteristic impedance
within the filter to obtain practical circuit constants. Crystal and
mechanical filters are present developments prompted by the search
for circuit elements having higher Q values than obtainable in coils and
condensers. A mechanica] filter was demonstrated at the close of the
paper. ,

The papers were discussed by Messrs. Barbulesco, Freeman, Platts,
Rockwell and others.

CLEVELAND SmcTrON
On December 19 the annual meeting of the Cleveland Section was

held in the Hotel Statler with K. J. Banfer, chairman, presiding. Fifty-

five members and guests were present and forty-two attended the
dinner which preceded the meeting,

R. M. Pierce; chief engineer of WGAR, presented a paper on “The
New WGAR Antenna.” The new radiator was described as a tower of

under pressure.
The second paper by John Byrne, Professor of Communication
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Engineering at Ohio State University, was on “The Construction and
Operation of Ficld Strength Measuring Eaquipment.” In it Professor
Byrne deseribed the antenna nceessary for such cquipment and de-
veloped the equation for the voltage generated in the loop. Scveral
methods of measurement employed by workers in the field were then
described.

Tn the clection of officers, R. M. Picree, chicf enginner of WGAR,
was named chairman; John Aitkenhead, of WADC, viee chairman;
and J. S. Hill of the Case School of Applied Scienee, scerelary-treasurer.

DETROIT SECTION

The January 21 meeting of the Detroit Section was held jointly
with the American Institule of Eleetrical [ingineers’ local section in
the Michigan Bell Telephone building. 15. C. Denstaedt, chairman of
the scetion, presided and the attendance was 350. About 100 were at
the informal dinner which preceded the meeting.

K. K. Darrow, research physicist of Bell "Telephone Laboratories
presented a paper on “The newly Discovered Islementary Particles.”
Dr. Darrow opened his paper with a review of the atomic structure of
the first eight clements. He deseribed carlier coneepts of the structure
of matter. A table showing the relationship of the particles as to charge
and mass was drawn and during the paper the particles were fitted
into their respective places in the table. In order of their importance,
they arc electron and positron, neutron, proton, deuteron, and the
positive alpha particle. It was shown that the atom of heavy hydrogen -
has but one electron but that the nucleus (deutron) was apparently
twice as heavy as that of normal hydrogen even though it has the same
charge. The speaker then spoke briefly of transmutation describing
how the nuclei must come in contact with each other and noted the
great energy that must be imparted to them to accomplish this. Meth-
ods of disrupting the charge barrier were discussed and the construc- -
tion of the Cyclotron and the Van der Graf generator described. Some
of the results obtained with these machines were presented and the “fog
chamber” method of making these results visible described. A discus-
sion of the positron produced by transmutation and cosmic rays was
then presented. It has the same mass and charge as the electron but is
of opposite sign. The collision of a positron and an electron results in a
corpuscle of light; an indication that probably all of the elementary
particles can be converted one to the other.

FAMPORIUM SECTION

The Emporium Section met on January 15 in the American Legion
Club Room with R. R. Hoffman, chairman, presiding.




342 Institute News and Radio Notes

A paper on “Automatic Frequency Control for Superheterodynes”
was presented by S. W. Seeley of R.C.A. License Laboratory. This
development which is applied to superheterodyne circuits holds the
oscillator system exactly in tune. It makes possible refinements in
receiver construction not heretofore obtainable and eleminates un-
pleasant noises when tuning the receiver. There are additional possi-
bilities for the application of the circuit and they were mentioned
briefly. Messrs. Bachman, Baldwin, Bowie, Carter, Case, Fraenckel,
Kievit, West, Wise, and Woods of the sixty-five members.and guests
participated in the discussion. :

Another meeting of the Emporium Section was held on January 31
at the American Legion Club Room. Chairman Hoffman presided and
there were seventy-four in attendance.

A paper on “Some Possibilities in New V. acuum Tubes and Radio
Fundamentals” was presented by Alan Hazeltine, President of the
Institute and Professor of Mathematics of Stevens Institute of Tech-
nology. Several different types of symmetrical and asymmetrical tube
constructions . whereby electron stream control is obtained by both
deflection and emission control were described. Some of these construc-
tions approximate a linearity in anode current control rather than
following the approximate three-halves power relationship found in
usual tubes. Inherent or natura] neutralization of interelectrode capac-
itances is a noteworthy feature of certain of the symmetrical construe-
tions discussed. Stability of oscillation at very small amplitude is
another inherent feature in certain types while automatic frequency
control -and automatic phase control are additional important possi-
bilities.

In the second part of his baper, Dr. Hazeltine touched on other
than the usual mode of in creasing the signal-to-noise ratio. Possibilities
. of compression-expansion and predistorting-restoring systems, were
pointed out. Amplitude modulation, frequency modulation, and am-
plitude and frequency modulation were discussed. The paper was dis-
cussed by Messrs. Bachman, Bowie, Salinger and others.

Distinguished guests from other sections were 1. M. Price, chair-
man of the Toronto Section, W. I, Davison of the Radio Valve Com-
pany of Canada, and Dr. Salinger recently with the Heinrich Hertz
Institute of Berlin.

Announcement was made of an annual award to be donated by the
Hygrade Sylvania Corporation to the individual of the Institute ex-
clusive of ’.Gh.e lf)cal Execqtive C?mmittee who has done most to pro-
mote activities in the section during the year
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L.os ANGELES SECTION

A meeting of the Los Angeles Section held on January 21 was at-
tended by sixty-five members and guests.

C. R. Daily, chairman, presided and introduced J. R. Balsley of
Balsley and Phillips, Ltd., who presented a paper on “Magnetic
Materials and High-Q Coil Design.” The speaker traced the develop-
ment of various alloys of nickel, iron, and cobalt and indicated mcthods
of treatment, the effect of impurities, and the magnetic propertics of
these alloys. A mathematical development of methods for producing
high-Q coils indicated that with a specified coil material,  valucs be-
tween 130 and 200 could be developed in coils having constant induct-
ance over wide ranges of current flow.

New Yorx MEETING

The New York Meeting of the Institute was held on February 5 in
the Engineering Societies Building. Alan Hazeltine, president, presided
and the attendance was about 400.

A paper on “Recent Developments of Class I3 Audio- and Radio-
IFrequency Amplifiers” was presented by L. I5. Barton of the RCA
Manufacturing Company. This paper was presented at the Tenth
Annual Convention and is summarized in the Junec 1935, PROCEEDINGS.

PHILADELPHIA SECTION

On January 2 a meeting of the Philadelphia Section was held at the
Inginecers Club with Knox MeIlwain, chairman, presiding. The attend-
ance totaled 210 and fifteen were at the dinner which preceded the
meeting.

A paper on “Vacuum Tubes in Biological and Medical Research”
was presented by D. W. Bronk, Director of Eldridge Reeves Johnson
TFoundation for Medical Physics of the University of Pennsylvania
Medical School. Dr. Bronk’s presentation included an experimental
demonstration of the electrical potentials generated by nerves and
muscles of animals and humans. The impulses which travel over the
nerve fibers giving rise to conscious sensation or muscular movement
and the construction of the muscles are associated with the electrical
charges. These potentials are often only a few microvolts and of brief
duration but vacuum tube amplifiers make their detection and study
possible.

Oscillograph records illustrate the regular sequence of electrochemi-
cal waves traveling along a nerve fiber from a single sense organ and
the variation in frequency of those musecles with a variation in intensity
of the stimulus. Such a train of impulses traveling along a sensory nerve




3l Tustitule News and Radio Notes

from a bit of frog skin was shown by means of a cathode-ray oscillo-
graph and projected from a loud speaker so the audienee could hear
the regular sequence of events which constitute & sensory nerve mes-
sage. Similar trains of impulses come from the central nerve system o
the muscles of the body whose contractions are varied by ehianges in
the frequency of the implulses. Hlustrating this fact, Dr. Bronk in-
serted a very fine insulated wire enceased in o hypodermic needle into
a muscle of his arm so that the activity of a single muscle fiber was
recorded by the loud speaker and oscillograph. An increase in the ten-
sion of the muscular contraction was shown to be due {o a rise in the
frequency of the contraction of the muscle fiber, and an increase in the
number of fibers in action. Illectric waves from the muscles of the heart,
were ‘also illustrated to the audience. Dr. J. P. Hervey assisted Dr.
Bronk and explained the clectrical equipment used in the demonstra-
tion.
SAN I'rRANCISCO SECTION

On January 7 the San TFFrancisco Seetion met jointly with the San
Francisco Signal Post of the American Signal Corps Association at
the Bellevue Hotel. Ralph Gray, chairman of the San Franeisco Signal
Post, presided.

“The Communication System of Spain” was the subjeet of a paper
by W. H. Warren, division engineer of Mackay Radio and Telegraph
Company. In it he deseribed the installation problems of a complete
new national wire telephone system with foreign radiotelephone con-
neetions. The meeting was atiended by fifty-eight and twenty-three
were present at the informal dinner which preceded it

SEATTLE SECTION

R. T. Tisher, chairman, presided at the annual meeting of the
Seattle Section which was held on December 27 at the University of
Washington and attended by forty-eight.

“The Production, Transmission, and Perception of Sound” was the
title of a paper presented by T. M. Libby, transmission engineer for
the Pacific Telephone and Telegraph Company. He discussed the prob-
lems arising in the transmission and reproduction of sound and their
solution. Various types of distortion were demonstrated and the tech-
nique of program distribution was shown by three sound motion pic-
ture films prepared by the Bell Telephone Laboratories. The paper was
discussed by Messrs. Bouson, IBastman, Renfro, Scott,(and Woodyard.

In the annual election of officers, 8. . Scott of {he Puget Sound

Power and Light Company was clected chairman; James W, Wallace,
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Jr., Puget Sound Broadeasting Company, viee chairman; and Ilarold
C'. Hurlbut, Theatre Engineering Company, seeretary-treasurer,

TorRONTO SECTION

A meeting of the Toronto Section was held on January 13 at the
University of Toronto. There were seventy-seven members and guests
present and twelve at the dinner which preceded the meeting. L. M.
Price, chairman, presided.

«Some Features of Short-Wave Antenna Operation and Design”
was the subject of a paper by A, S. Blatterman, chief engincer of Rog-
crs-Majestic Radio Corporation. Discussing first a simple cireuit con-
taining resistance, inductance, and capacitanee, the speaker procecded
by analogy and comparison to the characteristies of {ransmission lines
for wire communication and power and then to an antenna considered
as a special type of transmission line. The impedance variation with
frequency of various antenna structures indicated the maximum and
minimum values obtained when execited at harmonic frequencies,
Specifieations were given for a short-wave doublet loaded and matcehed
{o a receiver, and graphs indicated ils impedance characteristic and
power factor to be definitely more uniform than for an unloaded an-
tenna. With several short-wave channels spaced approximately three
megacyeles apart, an antenna having a fundamental frequeney of 1500
kilocycles will exhibit resonance points or points of maximum response
after the second harmonic at frequencies closely corresponding to the
bands. Special loading methods such as inserting coils at intervals
along the antenna, or a helical antenna of small diameter and piteh
were also mentioned. Some practical difficultics in domestic installa-
tions were outlined. The paper was discussed by Messrs. Bayley, Price,
Dawson, Hackbusch, Shane and others.

WASHINGTON SECTION

The Washington Section met on January 13 in the Potomac Elee-
tric Power Company Auditorium. Chester Davis, chairman, presided
and there were seventy-three members and guests present. Twenty-six
attended the dinner which preceded the mecting.

A paper on “Radio Propagation of Ultra-High-Frequency Waves,
Including Work with Stratospheric and other Balloons” was presented
by Harry Diamond of the National Bureau of Standards.

The forthcoming joint meeting of the Institute and the American
Section of the International Scientific Radio Union on May 1 was dis-
cussed by Dr. Wheeler, chairman of the Committee on Arrangements.




346 Institute News and Radio Notes

Personal Mention

J. W. Greig has joined the radio laboratory staff of the U. S. Army
at Wright Field, Dayton, Ohio, having formerly been with Northern
Radio Company of Seattle Wash.

Formerly with Hygrade Sylvania Corporation, R. J. Davis has
become an engineer in the transmitter department of the RCA Manu-
facturing Company at Camden, N. J.

W. G. H. Finch has left the Federal Communications Commission
staff to reopen the Finch Telecommunications Laboratories in New
York City.

Previously with Rudolph Wurlitzer Company, W. A. Hayes has
joined the radio engineering staff of Colonial Radio Corporation at
Buffalo, N. Y. . '

W. E. Holland formerly vice president in charge of engineering at
Philadelphia-Storage Battery Company has resigned and is retiring
from active business because of poor health.

Formerly with the Engineering Research Department at the Uni-
versity of Michigan, J. D. Kraus has joined the Physicist Research
Company of Ann Arbor, Mich. .

G. C. Misener previously with United Research Corporation is now
a member of the Research Laboratory of the Eastman Kodak Com-
pany. _

Formerly with General Houshold Utilities Company, L. P. Morris
has joined the Engineering Department of Case Electric Corporation
at Marion, Ind.

D. A. Murray is now on the engineering staff of Heinz and Kauf-
man at South San Francisco, Calif., having previously been affiliated
with Mackay Radio and Telegraph Company.

W. A. Murray has been appointed head of the Electrical Engineer-
ing Department of the Virginia, Polytechnic Institute having formerly
been at Michigan State College.

N. J. Oman has joined the staff of the broadcast transmitter divi-
sion- of the RCA Manufacturing Company at, Camden, N, J,, having
formerly been with the Kenyon Transformer Company. '

G. T. Royden of the Mackay Radio and Telegraph Company has
been transferred from New York City to the Federal Telegraph Com-
pany, Newark, N. J.

G. E. West, formerly in the Electrical Engineering Department of
Purdue University is now chief engineer of the Illinois State Police
Radio System. :

H. C. Behner, Lieutenant, US.N .» has been transferred from Coco
Solo, Canal Zone, to the U.S.S. W right, basing at San Diego, Calif.
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H. U. Graham formerly with RCA Victor Company is now an in-
spector at the Monitoring Station of the TFederal Communications
Commission, Grand Island, Nebr.

Orville Hill of Stewart Warner Alemite Corporation has been trans-
ferred from Belleville, Ontario, to Chicago, 11l

. A. Hayes has been transferred from Bridgeport, Conn., to Dallas,
Texas, as a radio field engineer for the General TElectric Company.

. A. Gates has left Colonial Radio Corporation to become vice
president in charge of engincering of Detrola Radio Corporation, de-
troit, Mich.

Alex Corbunoff previously with Pilot Radio Corporation is now a
radio engineer for General Household Utilities Company, Chicago, Il

Formerly with Stewart Warner Corporation, H. G. Lindner, is now
affiliated with the aireraft television research group of RCA Manu-
facturing Company, Camden, N. J.

V. C. MaeNabb has left Atwater Kent Manufacturing Company to
become chief engineer for Fairbanks Morse and Company of Chicago,
11l

H. V. Noble has joined the Transmitter Engineering Department of
RCA Manufacturing Company at Camden, N. J., having previously
been connected with the Gulf Research and Development Corporation
of Pittsburgh.

J. L. Peters has left National Union Radio Corporation to become
chief engineer for Electrode Specialty Company of Newark, N. J.

J. W. Sanborn is now in Canton, China, with, the China Electric
Company installing a broadcast station for the Kwangtung govern-
ment. :

E. R. Stockle is now vice president of the Globe Union Manufac-
turing Company having formerly been with Central Radio Labora-
tories.

Formerly with Erie Resistor, Ltd., R. Weese has established Quad-
rant Metal Produets, Ltd., of Stanmore, Middlesex, IEngland.

1. A. Mitchell was erroneously listed as president of the Kenyon
Transformer Company in the February issue. He is president of the
United Transformer Company of New York City.

R e~ — e
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REPORT OF SECRETARY
1935

" Y ACH year the Sceretary submits a report on the more important

]4 phases of Institute activities for the information of the mem-

bership and this report covers 1935.
The Board of Directors is the governing body of the Institute. All
problems are presented to it for decisions unless they are covered by
the Constitution or by previously established policies. Standing com-
mittees and special committees are assigned problems which require
more time than can be given them by the Board of Directors. The
opinions of these committees are submitted to the Board for its guid-
ance.

The secretarial staff is responsible for putting these policies and
decisions into practice. It handles the routine business of the Institute.

Because of the size and geographical distribution of the member-
ship, relatively few members actively participate in Institute opera-~
tion. Those who do give of their time and efforts deserve the sincere
appreciation of the entire membership.

Membership

The paid membership at the end of the year was 4419 compared
with an active membership at the end of 1934 of 4854, a reduction of
9 per cent. The proportion of members residing outside of the United
States and its possessions has increased to 24.2 per cent. Six hundred
and sixty-four applications for membership were received during the
-year compared with 573 for 1934.

Proceedings

There were 1571 pages in the editorial portion of the ProcErpINGS
compared with 1413 published during 1934, Unfortunately, insufficient
funds prevented the publication of all accepted papers but some im-
provement has been made in the situation.

The Papers Committee reviewed 114 manuscripts and the Board of
Editors considered 146 papers during the year. Seventeen papers were
rejected as being unsuitable for publication and twenty were returned
to the authors for revision. Ninety-seven papers and discussions were
published and eleven book reviews prepared and published.

Sections -

The number of sections in operation is now cighteen; a new section
with headquarters at Emporium, Pa.,’;having been established during
the year. There were 127 section meetings held during the year.
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Mectings

The Tenth Annual Convention was held in Detroit on July 1,2

and 3, and A6 members and guests attended it Twenty-one teehnienl
papers were presented and thirtv-four exhibition hooths were acenpied.

At the Rochestor IFall Meeting, which was held on November 18,
19, and 20, there were 336 members and guests in attendanee and ten
papers were presented. Thirty-four hooths comprized the exhibition
which was a part of this meeting.

Committees

The Institute committees held seventy-one meetines during the
vear with somewhat over hall of these heing devoted to stamdardiza-

tion work.
Emergency Employment Service

There were 127 new registrations filed with our Emerceney Im-
ployvment Rerviee during the year, OF these, sixtv=six were members of
the Tostitute, The tolal registration is 802 of whom 575 are members,
There wore 1H4 jobs handled and seventy-seven of these were filledd by
us, Inoall placements, Institute members are wiven preference but it a
job eannot be filled by a member, o nonmember is recommended. No
charges are made {or placement.

Finances

The financial position of the Tnstitute is indieated by the compara-
tive balance sheet which is given at the end of this report. The operat-
ing loss for 1035 is practically insignificant and indieates that the Tn-
stitute has been quite suceesstul in balancing its financial aftairvs for
the year.

Deaths

We record here with deep regret the names of those whose deaths

occurred during 1935.

Docherty, Curtis G. MceCanne, W, Roy
Fung, Huo-Siu Pupin, M. L
Ifussell, Lewis Sterns, Morton W,
Grebe, Alfred 1. Sveen, Irwing A.
Kent, James M. Tuel, A. Y.

Respectfully submitted,

\\Wdﬂ/s

Secrelary
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EXHIBIT “A”
The Institute of Radio Engineers, Inc.

COMPARATIVE BALANCE SHEET
December 31, 1935 and 1934

December December INCREASE
ASSETS 31, 1935 31, 193¢ DECREASE
CURRENT ASSETS
Cash. ..o $11,932.87 $7,479.81 $ 4,453.06
ACCOUNTS RECEIVABLE—CURRENT
Dues.. . ..o 440.00 1,133.90 693.90
Advertising....... ... ... ... . ... . . ... 403.38 1,149.29 745.91
Reprlnts 156.19 20.14 136.05
INVENTORY. .................. e 8,133.07 8,672.94 539.87
ACCRUED INTEREST ON INVESTMENTS......... 408.33 408.33
TOTAL CURRENT ASSETS................. 21,473.84 18,864.41 2,609.43
INVESTMENTS—AT COST (EXHIBIT “D")........ 41,606.62 41,606.62
(Market Value 12/31/35 $26,418.65)
ACCOUNTS RECEIVABLE DUES—COLLECTIONS
DEFERRED................ .. ... .. . ... .~ 3,569.77 3,569.77
FURNITURE AND FIXTURES AFTER RESERVE .
FOR DEPRECIATION......... ... ............~ 2,408.91 2,833.44 424,53
PREPAID EXPENSES
Unexpired Insurance Premiums................. .. .. 45.99 58.43 12.44
Stationery Inventory—Estimated ... ... .. .. .. .’ 200.00 200.00
Convention Expense............ ... ... .. " 73.77 73.77
Salaries....... ... ..o oLl 220.68 68.40 152.28
TOTAL ASSETS $66,029.81 $67,201.07 $ 1,171.26
Decemb D ber INCREASE
LIABILITIES AND SURPLUS - 3f,c1935er 3iz'celrg3fr ﬁE(:CREASE
ACCOUNTS PAYABLE...................... ... .. S 204.61 $1,304.52 $ 1,000,901
SUSPENSE..........cooooo... ... . ... .. 13.77 13.77
ADVANCE PAYMENTS
e 1,397.30 1,267.95 129.35
Subseriptions. .. ... .. ... LDl . 3,233.20 3,297.96 64.76
Advertising........ . ... Lo DT 53.28 53.28
TOTAL LIABILITIES....................... 490216 5.870.43 968,27
FUNDS
Morris Liebman Memorial Fund Principal and Unex-
pended Income. ..... .. ... .. 0 . 7 U0 10,077.87 10,077.87
Associated Radio Manufacturers Fund... ... 7" 1,997.80 1.997.80
TOTAL FUNDS ..................... . 12,075.67  12,075.67 -
SURé’ITUS p )
alance, January 1... ... .. o 0 0000 49,254 .97 700.
Deduct—Operating Loss for Year (Exhibit “B"} . 282,86 521:‘1‘(;)?38 %)’gﬁgig
SURPLUS—DECEMBER 81........... .. .. .. 49,051.98 49,9254 .97 202.99
TOTAL LIABILITIES AND SURPLUS...... $66,029.81 $67,201.07 $ 1,171.26

Patterson and RidgewayL Certjﬁgd Public Accountants
74 Trinity Place, New York City
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TECHNICAL PAPERS

THE SECONDARY EMISSION MULTIPLIER—A NEW
ELECTRONIC DEVICE*

By
V. K. ZworykiN, G. A. MorToN, AND L. MALTER
(RCA Manufacturing Company, RCA Victor Division, Camden, New Jersey)

Summary—This paper describes the construction, theory, and performance
of various types of fized field secondary emission multiplicrs. Detailed constderation
is given of multiplier phototubes employing crossed electrostatic and magnetic fields
and of electron multipliers using electrostatic focusing alone, to serve as coupling and
amplifying units for cathode-ray tubes such as the “JTconoscope.”

It is shown that while the power required for the operation of the secondary
emission multiplier is about the same as that for the conventional amplifier, il 28
superior to the latter from the standpoint of noise. In the case of the multiplier
phototube the signal-to-noise ratio is essentially determined by the shot notse of the
photoemission, and is therefore sizty lo one hundred times greater than that for a
thermionic amplifier and phototube under conditions of low light intensity.

Multiplier phototubes have been buill with an amplification factor of several
millions and serve to replace the conventional phototube and accompanying amplifier
system.

Their low “noise” level, together with their excellent frequency response and ex-
treme simplicity, make these electron multipliers a very satisfactory form of amplifier.

INTRODUCTION .

OR MORE than thirty years it has been known that when cer-

tain surfaces are bombarded with cathode rays they emit elec-

trons. This effect, known as secondary emission, has, from an
early date, been extensively studied by a large number of workers such
as Lenard, Hull, Von Bayer, etc.

The study of this phenomenon revealed that the number of elec-
trons emitted is proportional to the bombarding current, the factor of
proportionality ranging from a mere fraction to ten times as many
secondary as primary elcctrons. The value of this ratio depends upon
the surface used and on the velocity of the bombarding electrons.
Although these facts have been known for a long time, the effect was
not put to any useful work, except in the case of the dynatron in-
vented by A. W. Iull. In fact, secondary emission had chicfly been
looked upon as a serious obstacle in the design of thermionic vacuum

* Decimal clagsification: R535.38. Original manuscript received by the In-

stitute, October 18, 1935; revised manuscript received by the Instituic, Novem-
ber 21, 1935. Presented before New York meeting, October 23, 1935.

351




352 Zworylkin, Morton, and Malter: Secondary Emission Multiplier

tubes, and much research was carried on with an aim towards sup-
pressing and reducing it. ,

During the past fifteen years it became recognized that secondary
emission could be used as a means of amplifying a small initial electron
current and a number of workers began investigating this field. Patents
on methods of carrying out this idea were filed as early as 1919 by
Slepian' and later by such workers as Jarvis and Blair,? Tams,? Farns-
worth and others.

The general method involved is to allow the initial electron stream
to impinge upon a target which has been sensitized for secondary
emission. The secondary electrons from this target are directed on to
a second target, producing still further electrons, the multiplication
being repeated as many times as is desired. Reference to Fig. 1 will
make this process clear. In this figure; electrodes 4, B, C, ete.,.repre-
sent a number of plane targets having a high secondary emission ratio.
These electrodes are connected to‘sudqessix@el’y higher positive poten-
tials. The stream of electrons to be multiplied is directed against 4.
This target gives rise to secondaries which go to target B, in turn
giving rise to secondary electrons which are directed against C. After
this process has been repeated a sufficient number of times to give the
desired over-all multiplication, the electrons from theé final target are
collected on collector O. If R be the number of secondary electrons per
primary for each stage and n the total number of stages, then the
initial current 7, will be multiplied up to an output current

I = I,R" (1)

Clearly, the over-all gain will be R* times. It will be seen that the
over-all gain becomes very large indeed as the number of stages is in-
creased if the secondary emission ratio of the targets is large (e.g.,
between five and nine).

A second class of multipliers has been described by P. T. Farns-
worth,* in which the electrons are made to go back and forth between
a single pair of targets receiving their energy from a high-frequency
electric field. Of these two classes of multipliers, only the type using
successive targets, wherein the number of impacts can be rigorously
controlled angl the stability, consequently, is very great, will be dis-
cussed in this paper.

! Slepian, Patent No. 1,450,265, April 3, 1923 (1919).

? Jarvis and Blair, Patent No. 1,903,569 April 11, 1933 ¢1926)

* Tams and Salzberg, “The secondary emission o) .
vol. %315p%[)‘. 5F5—64; Janﬁa} /. (1935). y emission phototube,” Proc. I.R.E.,
- L, Farnsworth, “Television by electron image scanning.” J Frank
Inst., vol. 218, pp. 411-444; . ing.” Jour. Frank.
243; August, (1054). 4 October, (1984); also see Hlecironics, vol. 7, pp. 242~
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The problem of making a multiplier which gives high gain is not,
however, so simple as it might seem at first sight. A simplified multi-
plier constructed in accordance with the diagram (Fig. 1) would be al-
most completely inoperative, for the reason that practically all the elec-
trons leaving any target would not go to the following one, but would
merely go down the length of the tube and be collected at the final col-
lector with almost no multiplication. In order to construct a successful
multiplier, not only must the targets have a high secondary emission
ratio, but also means must be provided to focus the electrons on to each
target, and to draw away secondary electrons from one target prepara-
tory to focusing them on to the next succeeding target.

o

SECONDARY ELECTRON

|
A
VAR A\ A\
{ELECTRONS /
I
CATHOOE \( Collecror

SECONDARY ELECTRON
. EPUTTERS

TFig. 1—Simplified secondary emission multiplier.

Before methods of electron focusing employed in specific multi-
pliers are considered, there are certain general aspects of fixed field
multipliers that should be discussed.

v

I. GENERAL CONSIDERATIONS
1. Secondary Emission

Since the successful operation of these multipliers depends upon a
high secondary emission from the targets, it is of prime importance
to discover the most suitable surfaces to use. In our search for good
emitters, very little aid can be obtained from the theoretical physicist.

The most complete treatment of the theoretical aspect of secondary
emission in the light of quantum mechanics was done by H. Fréhlich®
in 1932. In this discussion he calculates the probability of the transfer
of energy between an incoming primary electron and a conduction elec-
tron moving in the periodic potential field of the metal, where the
exchange is such as to give the conduction electron sufficient momen-
tum to escape from the metal. On this basis, he concludes that metals
with a crystal structure having a large lattice spacing and with a low
work function should be the best secondary emitters. However, this
treatment applies only to simple metal surfaces. '

¢ H. Frohlich, Ann. der Phys., Band 13, no. 2, pp. 229-248, (1932).
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Experimentally, it has beén found that the emission ratio from
simple metal surfaces is invariably below that obtained from com-
posite surfaces just as is the case with photoelectric emission. Since the
theoretical knowledge of secondary emission does not extend to these
composite surfaces, it is necessary to go ahead more or less empirically
on the basis that, other things being equal, a surface of low work
function is the most likely to be a good emitter. A large number of low
work function surfaces were, therefore, studied having as a base metal,
Ag, Be, Ta, Ni, Al, Zr, Ca, W, Cr, etc., and Na, KX, Rb, and Cs as a
surface layer. Of these, the most satisfactory to date have been oxidized
Ag, Be, or Zr with a surface layer of cesium. These surfaces have a
maximum secondary emission ratio of from eight to ten, occurring at
a bombarding velocity of from 400 to 600 volts.

A curve showing the secondary emission ratio of Cs-CsO-Ag surface
for various bombarding voltages is illustrated in TFig. 2. This is typical
of the type of surfaces frequently used in the multipliers to be de-
scribed later.

The method of preparation of this surface is very similar to that
used in the preparation of the photoelectric cathode for a high vacuum
cesium photocell. A matte silver sheet is oxidized to the second yellow
by passing an electrical discharge through oxygen at low pressure.
Then, after removing the oxygen from the vacuum system, cesium is
admitted. The amount of cesium required is slightly less than that
necessary to give maximum photosensitivity. The surface is then
baked at 200 degrees centigrade for a few minutes to promote the
reaction between the cesium and the silver oxide. This surface, when
cooled, should be an excellent emitter. '

2. Multiplier Efficiency

There are two ways of considering the efficiency of a multiplier.
The first is the efficiency of secondary emission as a source of electrons,
in terms of amperes per watt power supplied, while the second con-
siders gain obtainable for a given over-all voltage as a function of the
number of stages and voltage per stage. The second of these two con-
siderations is more important from a practical standpoint, but both
are worthy of some discussion.

Considering, first, the power efficiency, we have a target bom-
barded with a primary current Iy at Vy volts velocity. The power
supplied by the primary beam is VoI, and, if the secondary emission
ratio is R, the current I emitted is I,R. Therefore, the current per
watt is
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Hence the most efficient point of operation is that at which the second-
ary emission curve shows the greatest gain per volt.

" rom IFig. 2 the curve of the gain per volt plotied against bombard-
ing voltage, as shown in TFig. 3, ean readily be ealeulated. This curve
shows that at its maximum around thirty volts the cmission is sixty
milliamperes per watd, dropping to forty-five milliamperes per watl
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at 100 volts, and seventeen milliamperes per watt at 500 volts. For
comparison, it might be mentioned that a good thoriated tungsten
thermionic cathode will deliver from fifty to seventy-five milliamperes
per watt, while a very good oxide-coated cathode may run as high as
one hundred milliamperes per watt. Thus, while secondary emission
is not the most efficient way of obtaining an electron current, it com-
pares rather favorably with other methods.
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It is, of course, desirable to operate a multiplier under conditions
such that maximum gain is had for a given over-all voltage. This con-
dition may be determined as follows: Let R be the gain per stage, V,
the voltage per stage, n the number of stages, and V =nV, the over-all
voltage. The total gain is

G = R~
We can find the condition of maximum gain as n or ¥, is changed; i.e., .
dG V dR |4
— = RW/Va-1 <—— —_— = R log. R>= 0. (3a)
dVy VodVye Vi
In other words, the maximum occurs when
dR R
_— = loge R- (3b)
dVe Vo

It is interesting to compare this with the slope of the emission curve -
- when the power consumption is a minimum as obtained from (2)
dR R

dVe V, @)
For cesiated silver, these two points are fairly close together, so that
a multiplier built to give close to the maximum gain also is fairly
efficient from the standpoint of power consumption.

The question of maximum over-all gain will be made clearer by
reference to Fig. 4. This family of curves shows the gain that can be
obtained from multipliers with various numbers of stages plotted
against voltage. These curves show that the most efficient multiplier
is one operated with from forty to fifty volts per stage. Run in this -
way, very high gains may be obtained. For example, a ten-stage multi-
plier at 500 volts will have a gain of 30,000, while a fifteen-stage multi-
plier at 800 volts will multiply the initial current ten million times.
It should be noted that the curves in Tig. 4 and the over-all voltages
given do not include the voltage between the collector and the last

target, as this will depend upon the use to which the tube is to be
applied. )

3. “Noise” in Multiplier Output

Regarding the question of “noise” in these multipliers, the first -
consideration will be that of the statistical fluctuation of the useful
electron current through the tube. Assume that we have a source of
electrons, for example a photoelectric cathode, and that the electrons
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from it impinge upon a sceondary emitling target. The noige from the
sccondary cleetrons emitied will consist of two parts: first, the multi-
plied shot noise in the initial beam, and second, the fluetuation noise
of the sccondary cmission from the target. For cvery target in the
multiplier we shall have these two cffeets oceurring simultancously.
As yet, very little work has been done on the question of statistienl
fluctuation in secondary emission, cither from a theoretical or an ex-
_perimental standpoint, and there is some disagreement among the few
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experimental results available. However, these results indicate that
the general magnitude of the effect is the same as the temperature
limited shot noise from a thermionic cathode delivering a current equal
to the secondary emission current.®

Let us, then, make the two following assumptions:

1. Shot noise from an emitter is multiplied by the subsequent
stages in the same way in which an ordinary signal is multiplied.
2. Secondary emission from a target is subject to shot effect such
that )
1.2 = KI
¢ A. W. Hull and N. H. Williams, Phys. Rev., vol. 25, p.147 (1925); Penning

and Kruithof, Physica, vol. 2, pp. 793-804; August, (1935); L. J. Hayner,
Physics, vol. 6, pp. 323-333; October, (1935).
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where,

I is the output current, ,
K =2¢eF,
e=the charge on an clectron,
F =frequency band over which noise is measured.
On the basis of these two assumptions, the total noise output from a
phototube multiplier having an over-all gain G and » stages of uniform
gain per stage, would be ’
Go+din _ q
12 = —————— 2eF] = K'I. (5)
Glin — 1
The table given below indicates the agreement between the meas-
ured noise output of several types of multipliers, and the values cal-
culated from (5).

TABLE I

No. of Gai K'/K K'/K
Stages am Observed Calculated

3 60 77 80

3 28 40 41

3 6.8 12,1 12.3

2 29.5 36.2 36.0

1 6.0 7.2 7.0

This agreement is sufficiently close to indicate that (5) based on
the two assumptions made above is accurate to the extent necessary
for any practical noise calculation.

Rewriting (5) in terms of R and neglecting 1 in the numerator in
comparison with G we have

Rn+l
1,7 = 2eFT
k-1
or in terms of the original photoelectric current
R2n+1
1,2 = fry— 2el1,. (5a)

Let us compare the noise output with the signal output, where the
light producing the original photocurrent is modulated so as to produce
a signal 2, =kI, k being the modulation factor. Under these conditions,
the signal-to-noise ratio Sy is given by

7:32 R2n
2= =2
S‘M inQ k R2nt1 Icathode
7 ] 2eF -
B R —1

el R Icathodeo (6)
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The signal-to-noise ratio S for the original photoeurrent is obviously
given by

Ll I*

N = =

o 2el

1N . . . hid . . N B P
Phe signal-to-noise ratio frome the multiplier, therefore, only differs
from the fundamental imit imposed by the photocleetric etuission, by
the factor

S o

R
1t should he pointed out here that i, instead of assiuing that the shot
noise due to secondary emission was the same as that from a saturated
thermionie emission, we had assumed
0= peld
where pis some factor which has a value near unity, (7) beeomes
=1

. (72)
R —(1-=7p)

TFrom these cquations it is evident that if I is large, the sigual-to-norse
ratio obtainable from these multiplicrs is practically that determined by
the shot effect in the original photoelectric current.

Let us consider the improvement obtainable over the conventional
amplifier by the use of a phototube multiplier..In the case of the
thermionic amplifier, the noise limit is determined by the thermal
noise in the first coupling impedance. The noise voltage input to the
first. tube is

e,? = 1.6 X 1072 I'r
r = input resistance
while the signal will be
et = k¥t
and the signal-to-noise ratio

r

[ )
S, = il
A ,‘ oy 14/ o

I
1020 F

This is fo be compared with the corresponding ratio for the multiplier

R:—1
S,\[ = ]\74 —
R 2elF
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For example, let us caleulate the value of photoelectric current in each
case which will give a signal-to-noise ratio of five when &k =1/2. Using
the following condition (typical of those met with in television prac-
tice):

I = 10° ¢ycles

r = 10* ohms

R = 5 per stage
we find the current must be

8 X 107° amperes
when a conventional amplifier is used; whereas the current need only be

4 X 107 amperes

in the case of the multiplier photocell. Thus, it is seen that only 1/200
of the light is required to produce this signal-to-noise ratio when a
multiplier photocell is used.

It is interesting to consider the case where the secondary emission
ratio is not the same for every stage. If the gains per stage be R;, R,
B3 Ry - - - Ry, the total gain will be the product of these factors, while
the noise output will he '

W =1+ Ba(l + Roa(1+ - - - (1 + R)))2eF I,

and the signal-to-noise ratio is therefore

S. J1+1<1+1 1 —1/2 I 1/2
YTU TR R2+R2R3+"'>} <ﬁ> ®)

In this expression R, is the most important factor detefmining the
signal-to-noise ratio. A multiplier which is to combine high signal-to-
noise ratio with very efficient, voltage operation should, therefore, be
run with a high gain for the first one or two stages and the remaining
stages set for greatest over-all gain per volt. .

Where a multiplier is to be used in connection with an electron
source other than a photoelectric cathode, as for example a television
transmitting tube or “iconoscope,” the noise output will be

G—1
Gl/a_l

in? = miG2 + Opelr] (9)

where m is the root-mean-square fluctuation on the cathode-ray beam
to be multiplied. The second term is, of course, the noise generated in
the multiplier and is in general much lower than the first term.
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There are two other factors which limit the sensitivity of these
multipliers. The first of these is thermionic emission from the secondary
emission targets. Since all good secondary emitters have a low work
function, they emit electrons in appreciable numbers even at room
temperature. This difficulty may be overcome by running the tube at
low temperature. However, this precaution need only be taken when
the device is being used to detect an absolute minimum of current.
Under any ordinary condition of operation, even where a gain of
several millions is employed, the tube can be satisfactorily run at
room temperature. '

The final factor to be considered is noise due to positive ions. The
magnitude of this effect will depend upon the configuration of the
tube, the degree of exhaust, and the temperature of the walls of the
tube. The last two factors mentioned, while troublesome, can be over-
come if proper precautions are taken. Therefore, it may be said that
the shot noise of electron emission sets the fundamental limit to the
sensitivity of the secondary emission multiplier.

4. I'requency Response

The frequency response of the secondary emission multiplier is
flat over a very wide range of frequencies. As far as the lower limit of
frequency response is concerned, the multiplier performs equally well
at very low frequencies (including direct current) as at an intermediate
frequency. A number of factors influence the high-frequency response.
Basically, the limits are due to the spread of the time of flight of elee-
trons in the tube and to the time of secondary emission. This will set
an upper limit at many hundreds of megacycles. In addition to this,
the upper limit is determined by the nature of the voltage supply for
the targets and the output circuit. The latter factors are controllable
and can be made as high as desired. Between the upper limit and a
direct-current signal, the frequency response is essentially uniform.

II. MAGNETIC SECONDARY IEMISSION MULTIPLIER
1. Theory of Operation

The magnetic multiplier is based upon the use of a crossed magnetic
and clectrostatic field to separate and focus the secondary electrons
from one target to the next. This configuration of fields and clectrodes
was first suggested by Slepian in 1919, for use as a high current cathode.

The general arrangement of a multiplier based on this principle is
shown in Fig. 5. It consists of two rows of clectrodes, the bottom row
being secondary emitters, while the upper row serves solely to main-
tain a transverse clecirostatic field between the two sets of clements.
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LKach target in the bottom row is made positive with respect to the
- preceding one so that it will produce secondary electrons when struck
by electrons originating from the latter. A magnetic field is established
in the tube at right angles to its axis and to the field between the two
rows of plates. IElectrons leaving any of the lower plates are bent by

FIELD PLRATES

1/

~

4 \ 1
Z N/ 1 /
CATHODE \\ZEM”TER_S OLLECTOR

Tig. 5—Magnetic secondary emission multiplier.

the combined fields in such a way that they strike the next target,
giving rise to secondary electrons which are in turn deflected on to
another target, and so on through the tube.

This will be made clear by a consideration of the paths of the elec-
trons under the influence of crossed fields. Let us assume, as a first
approximation, that the potential difference between successive tar-

Tig. 6

gets is small compared with the potential between the targets and the
top plates. Also, assume that the initial velocities are zero. The system
as described can be represented by a rectangular co-ordinate system
shown in Fig. 6, the targets lying along the axis of the tube, the clectro-
static field & between the two rows of plates being in the y direction
and the magnetic field I7 being in the negative z direction. The equa-
tions of motion of the electrons are therefore
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mi = ey
miy = ell — ellx (10)
mz = 0.

A solution of these equations of motion leads to the following ex-
pression for the electron paths

E m<0H t Cell t>
T = —| — — sin—

H2 e\ m m

E m ell (11)
y = —(1 — cos——t)

H? e m
z = 0.

These are the equations of a cycloid. The paths of the electrons will,
therefore, appear as shown in Fig. 6, leaving cathode A along path 1,
then after striking target B cause clectrons to leave along path 2
following a cycloidal trajectory to target C.

Trom these equations it can be seen that the distance between
points of impact will be
