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The Institute of Radio Engineers

GENERAL INFORMATION

InstiToTE. The Institute of Radio Engineers was formed in 1912 through the
amalgamation of the Society of Wireless Telegraph Engineers 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.

Amvs AND Onsecrs. 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-
complishing this is the publication of papers, discussions, and communi-
cations of interest to the membership.

Proceepinas. 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 Editors. 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.

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

REPRINTING PROCEEDINGS M ATERIAL. The right to reprint portions or abstracts
of the papers, discussions, or editorial notes in the ProceEpiNGgs 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
maynot bereproducedwithout making specific arrangementswith theInstitute
through the Secretary.

Manuscriprs. 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 ProcEEpINGS. Authors are advised as promptly
a8 possible of the action taken, usually within two or three months. Manu-
scripts 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.

MAIL;NG. 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 authorization was granted on October 26, 1927.

-

Published monthly by
THE INSTITUTE OF RADIO EN GINEERS, INC.
Publication office, 450454 Ahnaip St., Menasha, Wis.

Business, LpITORIAL, AND ADVERTISING OFFICES
Harold P. Westman, Secretary
330 West 42nd Street, New York, N. Y.
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INSTITUTE SECTIONS

ATLANTA—Chairman, I, 1L Gerks; Seeretary, N B. Fowler, 1013 Woodland
Ave. S5 Atlanta, Ga,

Boston— Chairman, . 1.. Bowles; Sceretary, Roland G. Torter, Northeastern
University, Boston, Mass,

BUrraLo-N1aGana—Chairman, L. I lavslett; Seerctary, 1. C. Waud, 235
Huntington Ave., Buffalo, N, Y.

Cnicago—Chairman, H. C. Vance; Sccretary, J. 15, Brown, 2022 Iingincering
Building, Chicago, Il

CinciNNATI—Chairman, C. D. Barbulesco; Seeretary, R. L. I"recman, Crosley
Radio Corporation, Cinginnati, Ohio.

CLEVELAND—Chairman, R. Morris Pierce; Seeretary, .S, Hill, 3325 Beechwood
Ave., Cleveland Ieights, Ohio.

ConNECTICUT VALLEY—Chairman, J. A. Hutcheson; Secretary, 15. 15, Schwarzen-
bach, 42 Northwood St., Chicopee I'alls, Mass.

Derroim—Chairman, E. C. Denstacdt; Secretary, Howard 8. Gould, 214
Tuxedo Ave., Detroit, Mich.

ExroriuM—Chairman, Raymond R. Hoffman; Sceretary, L. E. West, Hygrade
Sylvania Corporation, Emporium, Pa.

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

NeEw OnrLeaxs—Chairman, L.J. M. Du. Treil; Seeretary, C. B. Reynolds, Radio-
marine Corporation of America, 512 St. Peter St., New Orleans, La.

PuiLapeLrnia—Chairman, Knox Mellwain; Seceretary, R. L. Snyder, 103
Franklin Rd., Glassboro, N. J.

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

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

SaN Francisco—Chairman, Robert Kirkland; Secretary, Henry Tanck, RCA
Communications, Inc., Bolinas, Calif.

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

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

W asHiNGTOoN—Chairman, Chester L. Davis; Secretary, Gerald C. Gross, Mt.
Vernon Ave. and Carter's Lane, Oakcrest, Alexandria, Va.

III
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GEOGRAPHICAL LOCATION OF MEMBERS ELECTED
MARCH 4, 1936

Transferred to the Fellow Grade

New Jersey Camden, RCA Manufacturing Co., Inc.. evev........Maloff, I. G,
Pennsylvania Emporlum. 104 W, 6th St.. veieewaen.....Carter, E, I“
Mt, Airy, Philadelphis, 710 W, Allen’s Lane. oo vovnononnns. Holland, W. E,

Transferred to the Member Grade

Minnesota - St. Paul, St. Paul Hotel . FR ..Ski‘ftcr, 1. R.
New York luckahoc 240 Alpine Pl.. .e.........Chinn, H. A,
Ohio Dayton, Aireraft Radio Lab \Vrlglxt Tield . -+........Haller, G. L.
Pennsylvania Philadelphia, 4300 York Rd.. cevvivv.v......Robinson, I1. A.

Elected to the Member Grade

Indiana TFort Wayne, 901 Prange Dr.. .Cornell, J. I.
Australia Sydney, N.S.W. Ama]gamated ereless Valve Co Ltd a7
Y ork St oo e e e e e Smith, F. L.
England London w.e. 2 "Marconi Ofﬁces, Dlectra House, Embank-I bb, 1. G.
.................................................. io
Washford Cross, Somerset, British Broadeasting Corp... .. .. Humphreys, H, F.

Elected to the Associate Grade

Alabama Selma, 114 Water Ave. ..o v n i e e, Roberson, A. M.
California Oakland, Boeing School of Aeronautics, Oakland Airport. . ..Bainbridge, R. M.
San Pedro, US.S.Oklahoma. ..., Ryan, C. M
District of
Columbia Washington, 1650 Harvard St. N.W.. ceiieeeiee......Bates, J. I, Jr.
Florida Gainesville, University Station. ...Von Dohlen oW, ,Jr.
Illinois Chicago, Commonwealth Edison Co . 2233 S. 'l‘hroop St Donaldson, R J.
Clucago, 501 E. 9th St......... Gray, D

Chieago, 948 Edgecomb PI..

Rennick; J. L.
Des Plames, 524 Arhngton Ave..

. .Bottorff, P. A

Indiana Oxford .............................Bloom.G.
Kentucky ~ Ludlow, 272 Deverill St.,. [ . .. i Reynolds, D. J.
Maryland Takoma Park, 219 Holly Ave................ ... .. ..., Morris, T. W.
Massachusetts Fall River, 61 Forest St.. eveiiieiies....Goldman, S.
Marion, e/o RCA Commumcntlons, Ine... ... vevvev-.....Backus, C. H.
Ros]mda]e Boston, 30 Grandview St.. ceveeiiveon....Gross, F. A,
Michigan Jackson, 701 W. Mlclngnn Ave.. vevveeevev....Guyton, J. H.
Nebraska Clay Centcr, e/o Radio Station KMMJ seviivv......Price, M. A.
New Jersey Plainfield, 1406 W. 4th St............ ... . . . '/ 0 Siegelin, C. O.
New York Brooklyn, 35-4th PL.....o... .. ... Patrone, E. F.
Buffalo, 966 Lafayette Ave............... ... ... Croysdill, W. T.
Buffalo, 77 Richmond Ave. . T ..I\oontz, K. K.
Buffalo, 715 Amherst St.. ..Neelon, W. J.
New York, Pupin Physws Labs. " , Columbia Dmverslty ...... Hughes, H. K.
/I;Ie“ York Columbia Broadeasting System, 485 Madison
Ve e e e e e e e e e e e Hutcheson, G. C.
New York, 484 Convent Ave ....................... W htx%e.e F. I, Jr
Nyack, Oakwood Dr.. Ames, J. T
Ohio Cleveland, 1895 E. 75th St.. ... .. . i Roohk, H. V

Sprmx:ﬁe]d 634 Rice St..
Pennsylvania Emporium, 427 W, 6th St..

. M.
Emporium, 4 W, 4th St.. Armstrong, .

ceeeeeievai...... . August, N. P.
Emporium, Hygrade Sylvama Corp ..Bngensmn,F. M.
Emporlum.330D 3rd St. ......................Bennett R. G.
Emporium, 321 W. 5th St.. e Burns, M. D.
Emporium, 126 E. 4th St.. ..........................Caplso'n R.F.

Emporium, 314 W, 5th St.. ..Cunningham, §, M., Jr
Emporium, TubeAppluézztlonDept HygradeSylvanm Corp Cunninghnm', w. S

Dmporlum. 307 E. 4th St........... ... . . i o
Emporium, 323 W, 5th St.. Eﬁ}l{};sgg,y
Emporium, 208 I 5th St.. ... 00000 Bkt W AL

Emporlum, 100 W, 5th St
Emporium, 108 E. 6th St..
Emporium, 36 W, 4th St..

Emporium, 417 Maple St..

............................f..’.Erickson.P.W.
..........................Traenckel.V.H.
..Gannon, T. P.

Bimportum, 90 Vine Su. 1111 el G T
mporium, 315 eymn'\ve TG T
Emporium, 112 W, 5th St. ) [. oo - Imboden, G

...Jordan, A. D.
..Kahl, M. I

..Keen, A, W,

..Larson, E. P.

Emporium, 4 E. 6th St..
Emporium, Hygrade Sylvama Corp
Emponum, 21 W, 2nd St.

Iv



Geographical Localion of Members Elected

Emporium, 214 Wodth Stooooo oo Melzer, .
Emporium, 20 W Gth Sto. ..o ..H\crnnnr, | DI O
Emporium, 24 B 6th St oo .Palmatcer, R. 1
Emporium, 220 W 4th St o000 .. Pomfrett, J .\l.
LEmporium, 308 I, 3rd St .. Ratchford, l
EEmporium, 211 . 4th St [P L. .R‘l\ldl‘lll)ll\ll,
Emporium, 513 Wood St .. .. oo I Welsh, WU
St Marys, 252 N. St Marys St .‘lln['fnmn. [N
St. Marys, © ‘o Speer C arbon Co... .. ... .. . May, M. S
Virginin \lO\'\ndrm Luray and 3rd St.. ... ... ... ... ...Beach, A, R.
Australia East Brisbane, Queensland, Stanley Ter. . . ... .. .Burmester, Q. (",
Canada Prince Rupert, H C., Dighy Ish wnd R-ldln L . . Nlellor, 8,40
Winnepeg, Manit, 3t ’: Bannerman Ave. . . . Zentner, A
Chinn Hong Kony, 55 W uhu St., Hung Hom, I\m\lnun . Chung, W. Y.
Fugland Barnsley, Yorks, 121 Racocommon Rd... ... ... .Dyson, GG N
Coventry, 49 Waveley Rd.. L .Sharp, 8.
London 15, 4, 136 ( hvrr\dm\ n \\0 S. Chingford . .l(«»ln-rts, R. =,
South ]x\rnlmruugh Iants, Royal Aireraft Establishment .., Willinms, (
Surbiton, Surrey, 3 Berryvlands.. ... ..o Jeffeock, l’
Italy Napoli, Via G. Bonito ER T o Nalenzucla, b,
Japan Hoten City, Manchukuo, MITCE. Co., Hoten Central T ele-
graph Oflice. . . . e e Kurose, T
Shimizu- lm\u\hu Nt l\um'\nmtu, Tadio Station JOGK . . Opata, T,
Tokyo, 109 Nakn-Negishi, Shitaya. ... . ... . ~ .. .Shoyamn, M.
Straits
Settlements Singapore, ¢/o0 Messrs, Paterson, Symons and Co. [.td., Coliyer
Quay . o Willoughiby, B
West Australia € lqronmm Td Loftus St oo _.Greer, N.CL
Elected to the Student Grade
California Berkeley, 2417 Durant Ave.. .. . . . ‘Haobrecht, J. .
Hunhnntnn 1"\rk, 3113 Hr(md\\ ayv. .. .. . Werner, W. K
Al Valley, 74 Syecamore Ave... . ... .. . . . Behringer, D. =0
Connecticut New Haven, Box 1390 Yale Station. ... . . CWillinms, E. M.
Illinois Champaign, 200 E, John St.. - o ) CStoddert, T ML
Indinna Fort Way ne 608 W, loﬂ'crson st . Erisman, R., Jr
Fort Wayne, 608 W_ Jefferson St . . . ... .Gilder, I
Fort Wayne, 121 I2, Washington St . . Toy, E. 8.
Massachusetts Cambridge, M 1.T. Dormitories. .. .. .. o .. . .Campbell, J. A,
Minnesota Owatonna. ... e ) Cager, FUM, .
New Jersey Nutley, 49 Conm or Ave. . ) . ~ . Barlow, W. A,
New York Riverdale-on- Hudmn 5001 Gondndue Ave.. .7 .. Baum, D. C.
St. Albans, LI, 114-38-175th PL.. .. .. .. ... .. McDougall, JU AL
Ohio Cleveland IIelghtc 1668 ddm;:ton Rd.. C . Weiss, T M
Deshler, . . S Brown, M.
Yellow Sprmne \enm \\o - . . ... ..Carr, D.
West Virginin  Parkersburg, 1624 Lynn Sto... .. ... . . oG Kirk, LWL Jr
England London N. 1,6 Phillip St... .. ... ... ... . . _..Mercer, J. T,

The following names were incorrectly listed on page V of the December, 1935, issue of the Pro
CEEDINGS.

China Shanghai, Chino-Tung University.......................Chang, C. H.
Shanghai, Chino-Tung University.......................Chen, Z. )M,
Shanghai, Chino-Tung University..................... ..Tnn;:, I‘.
Shanghai, Chino-Tung University ... ................... _Chang, 8. T.
Shanghai, Chino-Tung University. .. ....................Chen, Z. Y.

o et S @) < D . 0
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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 Admissions Committee. Members objecting to transfer or election of any of
these applicants should communicate with the Secretary on or before April 30,
1936. These applications will he considered by the Board of Directors at its meet-
ing on May 6, 1936.

For Election to the Associate Grade

California Bolinas, Box 144, . .............................4..4Maccon?,F.J.
Inverness.. 4...44...4..4...........Oates,'l. {4.
LongBench ‘835 1. Hill St.. e ... ......Hall, F.“.‘ ]
Los Angcles, 1533 Wilshire Blvd. . T .Izastman F. T,
San Pedro, USS Pennsylvanm . ..’luckgr, D. P
Connecticut Coscob, ¢/o R. D, Dykema, Cognc\\augh Rd.. ........De Waard, R.
District of .
Columbia Washington, 3109-24th St. N.E.. R veve.ew.....Linger, R. A
Washington, 922 National Press Bldg ......Poast, I, M.
Florida Tallahassee, Radio Dept., Florida A. und M. College ....0Orr, H. R, .
Georgia Atlanta, 995 Delaware Ave. S. E.... -.....Stephens, H, W.
Atlanta, 774 Sherwood Rd. N.E.. ceiiiieeioe. .. Trammell, R, D.
thman Box 367. eiiiiiiiiinio..vo....Underwoad, F. C., Jr.
Hlinois Chieago, '3629 Pinc Grove Ave.. ..Argento, H. Tt,
Chlcago, Radio Lab., United Air Lmes, Mumclpul Alrport .Buckthal, E. P.
Chicago, RCA Commumcatlons, 114 W, Adams S .Hutchens, R. D.
Chicago, c/o Jackson Distributing Co., 1122 \V "Jackson
Bl s e e e e e e Marks, M.
Chicago, 1122 W, Jackson Blvd.. e Wells, W, .
TortShendan ............................Benfer,E. L.
Indiana Columbus, 1628 Cottagc Av . wiiiiiieeniiieieee.....Crouch, J.
Kansas Concordia, 707 W, 7th St.. .........................Young, K. A.
Louisiana Shreveport Box 17. ieveve.......Antony, W,  E,
Shreveport, Box 248, Queensboro Station. veviven.....Garrett, E. D,
Maine - Bangor, 0/0 Radio Station \VABI ........................ Hodgkins, R. W,
Massachusetts Holyoke, 151 Dartmouth St.. i eieieiei e v, . Webber, 10, G.
Malden, 51 Concord St.. RN £ 4 1ol (I ¢ S o
Salem, 35 Dearborn St.. Ellithorn, 1. E.

Michigan Ann Arbor, 929 Olivia., . .. .. ﬁ OO Morton, J, A.
New Jersey Bayonne, 1084 Boulevard . R .

East Orange, 48 Amherst St.. . vevivv....Peet, B, C.
Merchantvxlle, 1800-48th St., Delaware Gardens. ... .. . .....Wentworth, C.
Nutley, 331 Park Ave... . .vv e enne e 000 Curtis, L. 3.
Summit, Box 1..................... ieviviiiiina.......Lamb, J. M.
V}nppany, P.O.Box E.. cevov.....Goss, F. Al
New York Brooklyn, Clarostat Mfg Co Inc "985 N, 6th St CHall, R. E.
Brooklyn, Clarostat Mfg. Co., Inc., 285 N. Gth St...........Mucher, G. J.
New York 463 West St.. .. covov.....Keller, A. C.
New York 560 W. 113th St. vevevo......Klinke, H. O,
New York, Bell Tel. Labs., 180 Varick St.. .e.........Lenigan, T. E.
New York 295 Madison Ave.. . Pfeffer, N.
New York, ¢/o Weston Electrical Instrument, (,orp , 50 Chureh
52 Sievers, I. S.
New York, 147 E. 61st St.. ceeeeieas oo o o .U Talmey, P.
Troy, 1834nghlandA\e S .ai...................Stoker, W.C.
North Carolina Ralcigh, 124 Groveland Ave. . ceeeee................ Hulick, ., Jr.
Pennsylvama Emporlum 120 . 4th St.. ceiiiiiiiio..............Campbell, V. H,
Puladelphm 1613 N. 16th St. . cie.i................Marble, F. G.
Philadelphia, 3817 Elsinore St.. ... .. Marshell, B T.
Plttsburgh, 1940 W, IIomesLead 'St.. Y N S. .. ... Vogt, L. E
Texas Del Rio, Box 25. e _ Cammack, W. R
Laredo, "Box 410.. ceaaoo... .. Meza, J. 0.
Australia Sydney, N.S.W. 221 Gale Rd Mursubru Ceeee ... Stirk, T
Canada Schumacher, Ont Box 440. ceeeeeeiooo .o .., Parsons, A, B.
Toronto, Ont 187 Duchess St.. ~.o-.............Longstaffe, J. R.
England East Molesey, Surrey 6 Sumnmer Ave.. s+v............Moon,J. L.
Flixton, Lancs., 5 Ashley Ave.. .........Veevers, J. I,
IIadIey Wood, Herts., Bnmgate, \Vagkon Rd.. - ......Taylor, W.
London S.E. 20 130 Anerley Rd.. ....Goodchild, F. D.
"London Wall, London E.C. 2, 426 Salesbury Tlouse. ....Johnson, D H.
Sheffield, 429’ Staniforth Rd.............0 . o0 Kltchm{:, F. 0.
Germany BerIm-Bntz Parchimer-Allee 73c. . . . <........Passarge, G.
Japan Tokyo, Shmgo hosojyo, Shmgo-Mum, Kitzmduchi-gun
Seitama-ken. ... o oo T Sakai, N.



Malta
New Zealand
Poland
South Afriea

Sumatra

Florida
New Jersey
Mexico

California

Indiana
Massachusetts

Michigan
Nevada
New York
Ohio

Oklahoma
Washington

Applications for Membership

Calafrana, R.A.T, Station
Teilding, c/o Radio Snlcs and S‘crncc COue v e
Warsaw, Targowa 32 m.8 . .

Johannesburg, 43 Olivia Rd " Bere
Kensington, Irnns\nnl 28 Cumbcrlnnd Rd. .
Palembang, N. I{. P. M. Soenggei Garden. .

For Election to the Junior Grade

Miami, 283 N.W. 50th
Salem, P.O. Box .,.h
Nuevo Laredo, lnmpx

Terrace. .

]icl(lcn 1001 .

For Election to the Student Grade

Berkeley, 2632 Channing Way.
Oakland, 3847 Randolph Ave..
Port\\n}nc 533 IS, \VnyncS‘t .
Cambridge, Box 115, Mass. Inst. of Tech. . oo
Cambridge, 76 Groncr Rd.. L AP

Ann Arbor, 802 Oakland Ave..
Detroit, 11790 Ilenc Ave.
Detroit, 9418\InnorA\c
Reno, 792 West Steevn e rnsoen ot
New lorlc 704 Livingston Hall, Cohlml)m Univ., .........
Cincinnati, 125 W. \Ichllmx St.. A e
Columnbus, 207 W. 11th Ave..
Norman, 800 Chataugusa.
Secattle, 3879-44th Ave. N. ..
bcnttlc, 3631-43rd Ave. N.IC..

o et > ©) < Er—— Lo

VI

Parry, R. C.

MecEwen, IX. D.
...Rabeeki, W.
... Wendrow, R.
.. Hutchinson,
Lytle, T. M

M.

...Hacger, J. R.
. ..McCloskey, J. D.
..Loyo Gomez, I'.

... Kramer, F. 8,
...Mole, J.
. Palguta, I8, M.

Adams, I, C.

. ..Mooney, V. J.

...Evans, H. W,

...Hart,
. .Shimkus, A.

A.D.
Greulich, RR. A,

.Marshall, R. W.

...Grinstend, C. E.

. ..Prehn, L. D.

... Waller, J. L., Jr.

...Alvensleben, G. V.
..Guptill, H.



Applications for transfer or election to the various grades of membership
have been received from the persons listed helow, and have been approved by
the Admissions Commitice. Members objecting to transfer or election of any of
these applicants should communicate with the Seeretary on or hefore April 30,
1936. These applications will be considered by the Board of Dircetors at its meet-
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ing on May 6, 1936.

California

Connecticut
District of
Columbia
Florida
Georgia

Illinois

Indiana
Kansas
Louisiana
Maine
Mussn(,husetts

Michigan
New Jersey

New York

North Carolina
Pennsylvania

Texas

Australia
Canada

England

"London Wall, London L. C. 2 426 Sulesbur} Touse. .

Germany
Japan

For Election to the Associate Grade
Bolinas, Box 144,
Inverness. . A
Lonchucll 45 18, 111 St
Los Angclcs, 1533 Wilshire Blvd. .

San Pedro, USS Pennsylvania..
Coscob, ¢/o . D. Dykema, Cog,ue\\ uugh Rd..

Washington, 3109-24th St. N.E..

Washington, 922 National Press BIdL,

Tallahassee, Radio Dept., Florida A, and M. College
Atlanta, 995 Delaware Ave. S.E.. .

Atlantn 774 Sherwood Rd. N.LE..

Qlutmun Box 367.
Chieago, '3639 Pine Grove Ave. .

Chieago, Radio Lab., United Air LlllOS I\’Iumclpul Alrport
Chicago, RCA Communlcutlons, 114 W. Adams St..

Chicago, 1122 W, Jackson Blvd..
Tfort Sheridan. .

Columbus, 1628 Cottnﬁ,e A\e
Coneordia, 707 W, 7th St..
Shreveport Box 17. F
Shreveport, Box 248, Queensboro Station.................
Bangor, ¢/o Radio Station \VABI ..

Holyokc 151 Dartmouth St
Malden, 51 Concord St..
Salem, 35 Dearborn St... . Ll

Ann Arbor, 929 Olivia e

Bayonne, 1084 Boulevard. . || e
Last Omn[.',e 48 Ambherst St.. e
Merclmntvnlle, 1800-48th St., Delaware Gurdens. ...,
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INSTITUTE NEWS AND RADIO NOTES A‘

March Meeting of the Board of Directors

The regutar monthly meeting of ihe Board of Direetors was held in
(he Institute ofice on Mareh 4, 1936, Those present were Alan MHazel-
{ine, president; Melville Toastham, treasurer; 15, 11 Armstrong, Arthur
Bateheller, Virgil M. Graham, L. C. I 1orle, C. ML Jansky, Jr., THOAL
Turener, William Wilson, and 11, P. Wes{man, seeretary.

[, 10, Carter, W, 1 TTolland, and 1. G. Malofl were {ransferred to
Fellow grade, and H. AL Chinn, G. L. Ialler, 1. A. Robinson, and I1.
R. Skifter were transferred to Member. Jo 1. Cornell, IT. 1%, TTumphreys,
J. G Robb, and 1% L. Smith were admitted to Member grade. Seventy-
four applications for Associate membership and cighteen for Student
grade were approved.

Some additional committfee appointments were made and the com-
plete list of those serving on Instifute commitices is given elsewhere in
this issue. '

Joint IRE-URSI Meeting

A joint meeting of the American Seetion of the International Scien-
{ific Radio Union and the Institute of Radio ingineers will be held on
Mayv 1, 1936. There will be two sessions at the building of the National
Academy of Sciences, 2101 Constitution Avenue, Washington, D.C.,
beginning at 10 A and 2 par. Papers will be limited to fifteen minutes
each to allow time for discussion. The preliminary program aiven be-
low had been arranged at the time of going to press.

It is expeeted that reduced railroad rates will be available to mem-
bers of the IRT and URSI from April 20 to May 2 and that tickets
so purchased will be good for thirty days. If the special rates are made
available, the certificates required for validation may be secured by
application about April 1, to S. S. Kirby, Technical Secretary, Ameri-
can Section URSI, National Burcau of Standards, Washington, D.C.

PRELIMINARY PROGRAM

. “Solar Radio Disturbances,” by J. H. Dellinger, National Bureau of Stand-
ards.
“Polarization of Radio Waves from the Tonosphere near the Geomagnetic

Equator,” by L. V. Berkner-and H. W. Wells, Carnegie Institution of Washing-
ton.

“Multifrequency Tonosphere Recording,” by T. R. Gilliland, National
Bureau of Standards.

“Anomalies in the Magnetoionic Difference I'requency of the Tonosphere,”
by J. P. Schafer and W. M. Goodall, Bell Telephone Laboratories:

' 543
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“Recent Correlations between the Tonosphere and High-Frequency Radio
Transmission,” by N. Smith, S. S. Kirby, and T. R. Gilliland, National Bureau
of Standards.

“Further Observations of Ultra-High-Frequency Signals over Long Indirect
Paths,” by R. A. Hull, American Radio Relay League.

“The Reliability of Short-Wave Radiotelephone Circuits,” by R. K. Potter
and A. C. Peterson, Bell Telephone Laboratories.

“Ult‘;m-High-Frequency Transmission between RCA building and Empire
State building in New York City,” by P. 8. Carter and G. S. Wickizer, R.C.A.
Communieations.

“Organization of Activities for Survey Measurement and Elimination of
Man-Made Interference,” by L. C. F. Horle, consulting engineer.

.“Application of Fourier’s Theorem to Directional Antenna Design,” by
I. Wolff, RCA Manufacturing Company.
’ “Transmission of Electromagnetic Waves in Hollow Tubes,” by W. L. Bar-
row, Massachusetts Institute of Technology.

“Radiation from an Antcnna over a Conducting Earth,” by W. W. Hansen
and J. G. Beckerley, Stanford University.

“Development of an Improved Apparatus for the Measurement of Di-
electric Constants by the Heterodyne Beat Method,” by R. T. Gabler, Carnegie
Institute of Technology.

“Applied Electron Optics,” V. K. Zworykin, RCA Manufacturing Com-
pany.

“Thermionic Tube Technique for the Measurements of Diclectric Constants
of Gases at Radio Frequencies,” by L. G. Hector, University of Buffalo.

“Vacuum Tube Voltmeters for use at Ultra-High Frequencies,” by L. S.
Nergaard, RCA Manufacturing Company.

“Cathode-Grid Bias in Tube Operation,” by 1. L. Mouromtseff, Westing-
house Electric and Manufacturing Company.

“-“Unicontrol Radio Receiver for Ultra-High Frequencies Using Concentric
Lines as Interstage Couplers,” by F. . Dunmore, National Bureau of Stand-
ards.

Intended Substitution of the Practical Absolute System of Electrical
Units for the Existing International System
The following information was approved for general publication by
the International Committee of Weights and Measures at its meeting
in October, 1935, at Sevres, I'rance.

(1) In accordance with the authority and responsibility placed
upon it by the General Conference of Weights and Measures in 1933,
the International Committee of Weights and Measures has decided
that the actual substitution of the absolute system of electrical units
for the international system shall take place-on the first of January,
1940.

(2) In collaboration with the national physical laboratories, the
Committee is actively engaged in establishing the ratios between the
international units and the corresponding practical absolute units.
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Committee work

MEMBERsHIP COMMITTEE
The Membership Committee met in the Institute office on March
4. Those present were F. W. Cunningham, chairman ; Ho A. Chinn,
J. M. Clayton. I. 8. Coggeshall, E. D. Cook, H. C. Gawler, H. C. Hum-
phrey, IB. W. Schafer, Leslie Woods, and H. P. Westman, secretary. A
major portion of the time was devoted to a discussion of higher grade

memberships.

TEcENICAL COMMITTEE ON RADIO RECEIVERS

The Subcommittee on Test Procedures of the Technical Committee
on Radio Receivers met in the Institute office on March 5. D. L. Foster
chairman; L. F. Curtis, E. T. Dickey, H. A. Wheeler, and H. P. West-
man, secretary, were present. H. O. Peterson, a member of the Techni-
cal Committee on Radio Receivers, was present as a visitor and Lloyd
Espenschied and C. I. Pfautz attended in behalf of a committee which
Is preparing material for use at a forthcoming C.C.I.R. conference.

The subcommittee completed its consideration of the existing re-
port and it is anticipated that its final report to the technical committee
can now be made available. °

It discussed with the representatives of the C.C.I.R. preparatory
committee, the preparation of a special report on the testing of broad-
cast receivers for use at a forthcoming international conference.

Institute Meetings
ATLANTA SECTION

The annual meeting of the Atlanta Section was held on January 16
at the Atlanta Athletic Club. I. H. Gerks, chairman, presided and there
were eighteen members and guests present, eight of whom attended the
informal dinner which preceded the meeting. In the election of officers,
Professor Gerks was re-elected chairman, P. C. Bangs of the Acoustic
LEquipment Company, was named vice chairman, and N. B. Fowler of
the American Telephone and Telegraph Company was designated the
secretary-treasurer.

Professor Gerks presented a paper on “Stabilized Feed-Back Am-
fiers” which was introduced with a brief outline of feedback and the
basic theory of amplification. Controlled feed-back amplifiers were
then discussed and it was shown that when the feed-back voltage is of
proper phase and magnitude, oscillation ocecurs. Use of feed-back volt-
age may be made to reduce noise, harmonic distortion, and hum in
amplifiers. The paper was discussed by Messrs. Bangs, Fowler, and
Reid.



Institute News and Radio Noles 547

BosToN SECTION

R. G. Porter, sceretary-treasurer, presided at the December 20
mecting of the Boston Section which was held at Harvard University.
There were nincty present and seven attended the informal dinner
which preceded the meeting.

A paper by E. L. Chaffee, professor of physics of Harvard Univer-
sity was on “The Operating Characteristics of Power Tubes as Deter-
mined by Experimental Tests at Low Frequency.” It was pointed out
that operating characteristics of power tubes have hitherto been deter-
mined either by operating the tube under test at a radio frequency and
making necessary measurements or by laborious calculations assuming
an ideal path of operation or using static characteristics as a starting
point. Dr. Chaffee presented a method in which measurements are
made at low frequency with magntitudes of grid and plate voltages of
the order employed in normal operation at a radio frequency. Test
results were given by contours of constant power output, efficiency,
tube loss, etc., on the e,-¢, plane. These contours reveal best operating
conditions for class B or C amplifiers or for operation as a self-excited
oscillator. A method was presented for caleulating contour charts from
static characteristic curves and was based on a simplified method of
harmonic analysis. The paper was discussed by Messrs. Barrow, Field,
and Thiessen. ’

BUFFALO-NIAGARA SECTION

“Photoradio Analogs” was the subject of a paper by Austin Armer
of the Magnavox Company given at the February 12 meceting of the
Buffalo-Niagara Section, which was held at the University of Buffalo.
L. E. Hayslett, chairman, presided and there were eighty present.

The speaker showed graphs illustrating the performance of photo-
eraphic emulsions and light filters with respect to frequency, speed,
range, and intensity. These curves were compared with similar graphs
of the characteristics of radio tubes and circuits. He discussed some
existing phases connected with motion picture film having photo-
graphic sound track, and color, astronomical and other types of pho-
tography.

CHICAGO SECTION

H. S. Vance, chairman, presided at the February 21 meeting of the
Chicago Section which was held in the RCA Institutes Auditorium. The
meeting was attended by 160, of whom twenty-six were present at the
dinner which preceded it.

A paper on “NBC Directional and Nondirectional Antenna De-
velopments and Notes on Factors Affecting Broadcast Station Cover-
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age” was presented by R. T Guy and W, S. Duttera, radio engincers
of the National Broadcasting Company.

Mr. Guy presented the first part of the paper in which he discussed
factors determining the coverage of broadcast transmissions and their
relative importance. An antenna of uniform cross section with a lumped
capacitance and tuning system at the top which permits the electrical
Iength to be varied over wide limits was described. Measurements and
fading records comparing this type with older designs showed definite
~advantages in favor of the newer form. Recordings from WPTT
Raleigh, North Carolina, as far away as to the Rocky Mountains were
shown as well as measurements taken in airplanes to indicate the ver-
tical field distribution.

Mr. Duttera covered directive systems using two similar radiators
and analyzed the effects of varying the phase relation between similar
currents in two radiators and the spacing of them. A graphical method
of calculating radiation from directive antenna systems employing
radiators having any vertical characteristic was given. The radiation
at high angles and along the ground were compared with various
operating conditions and antennas having electrical lengths of ninety
and 190 degrees. It was shown that high angle radiation is inereased in
certain types of directive systems and that consideration of this is of
less importance where radiators inherently give small high angle radia-
tion. A comparision of directive and nondirective transmissions from
WPTT indicated a gain of one hundred and twenty-five to one in volt-
age when employing a cardiod as compared with a circular pattern.

CINCINNATI SECTION

On February 6 the Cincinnati Section participated in the first joint
meeting of the technical and scientific societies of Cincinnati which is
comprised of ten local groups. The meeting was held at the Music Hall
in Cincinnati and L. L. Bosch, chairman of the Council of these affi-
liated societies, presided. The attendance was 3000 and there were
seventy at the informal dinner which preceded the meeting.

“Man’s Farthest Aloft” was the subject of a paper by A. W. Stevens
Captain, U. S. Army Air Corps. He deseribed stratospheric attempts
made previous to his record-breaking flight of November 11, 1935. He
then covered the preparations, take-off, flight and landing of the
Lzplorer II and showed still and motion pictures taken from the
balloon, the ground, and airplanes.

CLEVELAND Stcrion

The January 23 meeting of the Cleveland Section was held at the
Case School of Applied Science and presided over by R. M. Pierce,
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A device which responds to the capacitance of objects entering the
field of a small antenna controls the operation of automatic spray
painters and permits them to function only when an object to ‘be
sprayed is located in front of them. The paper was concluded with a
discussion of service difficulties in this ficld of engineering.

New York MEETING
A meeting of the Institute was held at the LEngineering Societies
Building in New York City on March fourth and was presided over by
President Hazeltine. Six hundred and fifty members and guests were
present.

A paper on “The Application of Multipactors to Radio-Frequency
Amplifiers and Oscillators” was presented by P. T. Farnsworth, vice
president of Farnsworth Television, Inc. He presented as a brief review
the history and the present scope of the electron multiplier art. The
conditions necessary for electron multiplication were listed and modes
of electron oscillation discussed. The requirements for energy transfer
between an oscillating electron cloud and a radio-frequency field were
pointed out and methods of controlling the amount, of multiplication
were considered. The construetion and theory of a simple type oscilla-
tor were discussed and several tubes exhibited and deseribed. Two prac-
tical methods for crystal controlling multipactor oscillators were de-
scribed as was the use of the tube as a radio-frequency amplifier. A
simple modulated oscillator of low power was demonstrated as was a
two-tube multipactor oscillator-amplifier giving an outputof 1000 watts.
A number of those present entered into the discussion of the paper.

PHILADELPHIA SECTION

Knox Mellwain, chairman, presided at the February 6 meeting of
the Philadelphia Section which was held at the Engineers Club and
attended by 300. There were seventeen at the dinner. .

Two papers were presented, and the first by C. B. Toos of the tube
engineering department of the General Electric Company was on
“High Voltage Mercury-Pool Tube Rectifiers.” It covered the ignitron
type of rectifier in which conduction is established at the desired point
in each cycle by passing a short pulse of current through an electrode
of special high resistive materia] which dips into the mercury pool. The
output voltage is controlled by adjusting the point in the cycle where
_conduction is started and these tubes have been successfully used for
high voltage, high power rectifiers. Their advantages over hot cathode
tubes lies mainly in their lack of emission and peak current limitations.
They are superior to mercury-arc tanks in that they are single sealed-
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ofi half-wave units, A trial installation at the South Scheneetady trans-
mitting station was deseribed.

The second paper was on “Eleetrieal Measurements al Ultra-Iigh
Frequencies" and 1. 8. Nergaard of the research and development,
Inboratory of ROA Radiotron presented it. In it Dr. Nergaard point-
e out that methods of measuring power, current, and voltage at or-
dinsry radio frequencies have failed to give reliable results in the
ultra-hich-frequeney portion of the speetrum. His contribution to
the development of a new teehnique and new deviees for ultra-high-
frequeney mmeasurements include o signal generator covering from
fwenty 1o 200 centimefers, thermo-couples for power and current
mes<nrements, and very small diodes for voltage determinations.
Their limits and uses were disenssed,

I0CTTESTER SECTION

A paper on “Photoradio Analogs” was presented by Austin Armer
of the Magnavox Company at, the February 13 meeting of the Roeches-
for Seetion whieh was held at the Sagamore Hotel, There were fifty
memnbers and wiests present and nine attended the dinner which pre-
cedded the meeting, This paper was identieal to that given at the Bulf-
slo-Ninears Seetion meeting and s reported elsewhere in this issue.
The poper was dizeussed by Messrs, Henderson, Karker, and Sehoen.

'
SEATTLE SECTION

On Jonary 31 o mecting of the Seattle Seetion was held at the
Chiver ity of Wachington and presided over hy oD Seotd, chairman,
Thitty-one were present,

SAF-Tand View of Radio Development Abroad™ was presented
bee Marrie Leviten of the Wedel Company. T was hased on tonrs of
Fovrape, A b, and Afvien made by the aathor durving the past two
Sniomner . In his opinion, the development of radio in this comntry s in
adesnec af the ret of the world althonrh some eonntries sre making,
crent tride o poatienlay fields T he TESISCR s making grread progress
i deselaping radio therapy, nilitary radio) and eleetronie equipment.
Fronee i aling progieinmicrownye Crocaniesion and with modua-
Eoted Bieht i ion, Holland hoee very powerfnl high-frequeney
diveetiomal branomitter for eompmuniestion wilh her eolonies and T
oned 1) cwer o omploy imilar comiprment to reaeh the varions partoof
Do cmpire, A prrt of the peneral dicension, o number of question:
vepnvdime wilitary radio coiprnent of foreipn nofions were ancweried,

Forcamne yome pae ol b heen the prnetiee of the SeattheSeetion

fordevote it e meeting ta the |||‘t-‘1-|||,'||in|| of papern by sdvaneed
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A deviee which responds to the capacitance of objeets entering the
field of a small antenna controls the operation of automatic spray
painters and permits them to funection only when an object to ‘be
sprayed is located in front of them. The paper was concluded with a
discussion of service difficulties in this field of engineering.

NEw York MEETING
A meeting of the Institute was held at the Ingineering Societies
Building in New York City on March fourth and was presided over by
President Hazeltine. Six hundred and fifty members and guests were
present.

A paper on “The Application of Multipactors to Radio-Frequency
Amplifiers and Oscillators” was presented by P. T. Farnsworth, vice
president of Farnsworth Television, Inc. He presented as a brief review
the history and the present scope of the electron multiplier art. The
conditions necessary for electron multiplication were listed and modes
of electron oscillation discussed. The requirements for energy transfer
between an oscillating electron cloud and a radio-frequency field were
pointed out and methods of controlling the amount of multiplication
were considered. The construction and theory of a simple type oscilla-
tor were discussed and several tubes exhibited and desecribed. T'wo prac-
tical methods for crystal controlling multipactor oscillators were de-
seribed as was the use of the tube as a radio-frequency amplifier. A
simple modulated oscillator of low power was demonstrated as was a
two-tube multipactor oscillator-amplifier giving an outputof 1000 watts.
A number of those present entered into the discussion of the paper.

PHILADELPHIA SECTION

Knox Mellwain, chairman, presided at the February 6 meeting of
the Philadelphia Section which was held at the Engineers Club and
attended by 300. There were seventeen at the dinner. .

Two papers were presented, and the first by C. B. Foos of the tube
engineering department of the General Electric Company was on
“High Voltage Mercury-Pool Tube Rectifiers.” It covered the ignitron
type of rectifier in which conduction is established at the desired point
in each cycle by passing a short pulse of current through an electrode
of special high resistive materia] which dips into the mercury pool. The
output voltage is controlled by adjusting the point in the cycle where
_conduction is started and these tubes have been successfully used for
high voltage, high power rectifiers. Their advantages over hot cathode
tubes lies mainly in their lack of emission and peak current limitations.
They are superior to mercury-arc tanks in that they are single sealed-
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off half-wave units, A trial installation at the South Schenecetady trans-
mitting station was deseribed.

The second paper was on “Idectrical Measurements at Ultra-High
Freguencies” and I,. S, Nergaard of the researeh and development
lnhoratory of RCA Radiotron presented it. In it. Dr. Nergaard point-
o out that mefhods of measuring power, current, and voltage at or-
dinary radio frequencies have failed to give reliable results in the
ultro-high-frequencey portion of the speetrum. Iis contribution to
the development of a new technigue and new devices for ultra-high-
frequency measurements include a signal generator covering from
twenty 1o 200 centimeters, thermo-couples for power and current
measnrernents, and very small diodes for voltage determinations.
Their limits and uses were discussed.

ROCHESTER SECTION

A paper on “Photoradio Analogs” was presented by Austin Armer
of the Magnavox Company at, the Fehruary 13 meeting of the Roches-
fer Seetion whieh was held at the Sagamore Hotel. There were fifty
members and guests present, and nine attended the dinmer which pre-
ceded the meeting, This paper was identical to that given at the Juff-
alo-Ningars Scetion meeting and is reported elsewhere in this issue,
The paper was discussed by Messrs. enderson, Karker, and Schoen.

SEATTLE SECTION ‘

On January 31 o meeting of the Seattle Seetion was Lield at the
University of Washinglon and presided over by 15, D Seott, ehairman,
Thirty-one were present.

“A First-Hand View of Radio Development. Abroad” was presented
Ly Marris Leviten of the Wedel Company. T1owas hased on fours of
[Surope, Asin, ond Afvien made by the anthor during the past two
Cmers, T hisopinion, the development of radio in this country isin
advanee of the rest of the world although some countries are making,
eremt ctridesin partienlar fields, The LSS R is making great progress
in developing radio therapy, military radio, snd eleetronie couipment.,
Franee iomaling progress in microwsnve trangmission and with modu-
Inted Hight trancmiocion. Holland has very powerful high-lrequeney
direetions) fran it ters for communieation swith her colonivs, and Ty
v likevis e cinploye similar equipment to reaeh the vavious ports of
her coipive. A port of the prencrnl disenssion, o namber of questions
vepnrding military radio coquipiment of Torcign nations were anawered,

Foy rome veare pa il has been the praetice of the Seattle Seetion
o devole it June meeting to the presentation of papers hy advaneed
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students of electrical engineering of the University of Washington. It
was agreed that the acceptance of these papers should be placed on a
competitive basis and rules governing their grading were adopted.
Prizes will be awarded for the best papers submitted.

The February meeting of the Seattle Section held at the University
of Washington with 5. D. Scott presiding was attended by forty-five.

A paper on “Notes on the Use of Rectifiers in Radio Equipment”
was presented by H. J. Price, chief engineer of KXA. In it he discussed
the design and use of single and polyphase rectifier circuits. He de-
scribed briefly high vacuum, mercury-vapor, and copper-oxide recti-
fiers. The paper was discussed by Messrs. Wallace, Woodyard and
others.

ToronTO SECTION

L. M. Price, chairman, presided at the February 10 meeting of the
Toronto Section held at the University of Toronto. There were 130
members and guests present and fourteen attended the dinner. ,

A paper on “Police Radio” was presented by B. deF. Bayley, assis-
tant professor of electrical engineering at the University of Toronto.
In it he reviewed the history of police radio from 1916 to date and in-
dicated the wide use of automobiles as an important factor in the neces-
sity for police radio installations. He pointed out that a signal level of
one millivolt per meter for business districts, one-fifth millivolt for
residential sections, and one-twentieth millivolt for rural areas had
been found acceptable and sufficient to override normal noise found in
those areas. High fidelity of reproduction is not necessary for this
service and may be undesirable from the angle of noise. Receivers need
not have a sensitivity in excess of fifty millivolts per meter but the
selectivity must be relatively high as channels are eight kilocycles
wide. With an average time of responding to calls of about two minutes,
police radio cannot fail to have g marked influence on both the preven-
tion and correction of crime. It increases the efliciency of existing per-
sonnel by saving from five to thirty minutes on each call.

WAsHINGTON SEcTION .

At the February 10 meeting of the Washington Section, which was
held in the Potomac Electric Power Company auditorium, the attend-
ance was fifty. Twenty-one were present at the informal dinner which
preceded the meeting. B. M. Webster, chairman of the Papers Com-
mittee, presided and a paper on “Theoretical Considerations of Diree-
tive Arrays” was presented by G. H. Brown of the engineering depart-
ment of the research division of RCA Manufacturing Company.
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554 Rockwell and Platts: Automatic Compensation for Class B

be of the order of 40,000 ohms or higher for audio power of the order
of 300 to 400 watts; second, a bias system with essentially perfect
regulation; and third, overcompensation, by which plate-voltage regu- -
lation can be corrected, thus preventing the distortion now inherent in
class B stages caused by shifting near to or past cutoff of plate current
as the grid-voltage swing crosses its axis during conditions of low
plate voltage brought about by heavy modulation.

FuxpameEnTAL CIrRCUIT

For the moment let us consider the class B stage as a full wave
rectifier (Fig. 1) as it is essentially identical as far as the action of ac-
cumulating additional bias during periods of grid current is concerned.
That is, the grids, when swung positive, draw current exactly as in the

Fig. 1—Basie class B amplifier circuit.

case of a rectifier. This results in developing voltage across the bias
circuit resistance R, exactly as a rectifier does across its load. Now if
we provide a variable load across A B as in Fig.2 which is so biased by

» that it draws no current from A B until the grid swings positive at
(1@ and so adjusted at P,P, as to draw plate current at T3T; equal
to the grid current at G4@, there will be no change in the bias voltage
at AB. That is, tubes T3T, draw current from circuit AB of an amount
exactly equal to the current delivered to circuit 4 by grids G4G, act-
ing as rectifiers. Thus the voltage A B will remain constant regardless of
the amount of grid current G,Gs. The only purpose of condenser M is
to prevent loss of audio voltage in circuit A B,

These are the conditions for perfect compensation of bias voltage
regulation. In practice the fluctuation of bias voltage actually was too
small to read on a standard Weston 301 meter where tle reading was
ninety per cent of full scale.

OVERCOMPENSATION

The conditions for overcorrection, in which the bias voltage is made
to reduce as the plate voltage drops due to plate-voltage power supply
regulation, are somewhat more involved for perfect compensation since
this correction should start as soon as the class B plate current increases
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Fig. 2--Tundamental regulator circuit.
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to draw grid current, there can be no overcompensation for plate
regulation except in the region of grid current on the class B stage.
However, in practice there is generally no appreciable distortion due

gL) -80
o)l

g( -70
2
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0 2
2 50— S
B o = =

- \\\ T M
w \\Q\\\:\\ﬁ
O -30 i s S |5
& =i
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PLATE CURRENT OF ONE MODULATOR TUBE (MA)

Fig. 4—DBias regulation compensator characteristics. Position 8 used for bias
compensation only. Position 5 used for bias and plate supply regulation
compensation. Nos. 0-8 represent positions of compensation control.

to plate regulation until the class B stage is fairly well excited, which is
generally up to the point that grid current starts to flow, since a slight
fall of plate voltage up to this point generally is not sufficient to cut off

the class B stage as the grid SWing crosses its axis. Beyond the point of
I

42|PUSH RULL STAGE /] !
7 0

-

o

OVHRLQADS -

FIXED [BIAS
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COMPENSATOR SETTING

- Fig. 5—Modulator output characteris-
tic with bias compensation regu-
lator control set at position 5

Tig. 6—Harmonic content of modula-
tor output as a function of bias
. regulation compensator position.

grid current, however, it is desirable to overcompensate the bias eir-
cuit, causing the bias to reduce with increased grid swing, thus prevent-
ing cutoff of the class B stage and serving not only to increase its out-
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put but also to provide a much more linear plate-current—grid-voltage
characteristic.
Following is a typical circuit with constants as used at W8BLZ.
In this arrangement the adjustments are so set as 1o provide for bias
regulation compensation and partial plate regulation compensation.
Fig. 4 shows the action of the compensator tubes at various settings
of the lmcar potontlomctels which control the grid excitation of the

e

M

5008 Al Crmemnmmsins S D500~
5008 20,0001 R

Fig. 7 Fundamental circait of combination hing and plate voltage
aupply regulation compensalor,

Fig. 5 chows the Jow distortion resalting from the above arrange-
ment, 1ois of course understood Lhat the above cireuil in no way re-
dhiiees the power oulpul of the elass 13 stage, The datain Fig. b owere
fnkeen from aoselup in which ninely watls oubpulb was all that was re-
auired Tor 100 per cent modulation. However, the same elass 1 bubes
with Targer driver tubes are eapable of the same low distortion at,
covernl hundred watls oubpul by using the compensator cireuit.

s of further interest to mention thal the ninely-wall ;mml. o
Fige, 5 fell ot 5.3 per cenls distortion with batlery hins and nine per cent
distortion with rectifier bins and no compensation. (See Vig, 6.)
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For still more perfect compensation of plate regulation it is de-
sirable to make use of two more regulator tubes, the first pair biased past
cutoff as described to compensate for bias regulation; the second pair
being biased at cutoff to compensate for plate regulation at any value
of grid swing instead of in the grid current region only as in the case
of the above circuit.

In specifying the correct value for condenser M it is well to re-
member that this condenser must first serve as audio-frequency return
for the grid circuit and therefore must offer negligible impedance at
the lowest audio frequency to be transmitted. This involves knowing
the impedance of the class B grids at the highest excitation they are to
handle. For example, if 203-A tubes are used and are excited to 155
volts above 45 volts bias or 200 volts total, the grid impedance per grid
will be E/I, or, for fifty milliamperes grid current, 200/0.050 =4000
ohms. The condenser should therefore not be in excess of 500 ohms
reactance at thirty cycles or ten microfarads,

The second function of this condenser is to provide the same time
constant in the bias circuit as is present in the plate circuit. That is,
the RC product, where R is the bias bleeder resistance (I'igs. 3 and 7)
and C the condenser, 3 should essentially be equal to the R’C’ prod-
uct of the plate supply circuit where R’ is the resistance of the power
supply primary reflected to half the secondary (for full wave rectifier)
plus the resistance of half the secondary, plus the filter choke resist-
ance; C’ being the total filter capacity. Since condenser M is fixed, it
then follows that R must be adjusted so as to make the two RC prod-
ucts equal.

et > @ G <
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SCANNING SEQUENCE AND REPETITION RATE OF
TELEVISION IMAGES*

p.
oY
R.D. Kern, A. V. Beprorp, AND M. A. TRAINER
(RCA Manufacturing Company, Inc., Camden, New Jersey)

Summary—"This paper considers faclors which affect the apparent sleadiness
of telerision {mages: namely, line Jlicker, flicker of the image as a whole, allernaling-
current ripple in the deflecting circuils, allernating-current ripple in the video fre-
quency signal, and various Linds of heating of the alternating-currenl ripple wilh
the various scanning frequencies. IU is concluded that an integer rTalio belween
alternating-current ripple frequency and frame frequency is very desirable for
progressive scanning and is almost imperative for inlerlaced scanning. Interlaced
seanning with a frame frequency of tharty per second and a field frequency of sizly
per second fulfills the requircments in regard to flicker and the relations to alternating-
current ripple frequency for a sixly-cycle power source, and offers constderable nel
gain oner other scanning procedures considered. The problems of both odd- and cven-
line methods of interlacing are discussed and the odd-line method 1s found preferable.

INTRODUCTION |
FTER considerable experience with the experimental installa-
fion previously deseribed,' it was concluded that the most ob-
jectionable features of the television image were flicker and
other unsteadiness, .

It s well known that the frequency band required to bransmit a
felevision picture is proportional to the product of the picture detail
and the frame frequency. (The frame frequency is the number of times
per second Lhe picture area is completely scanned.) Sinee the available
frequency band is limited, it is desirable to determine the picture rep-
ctition rate which makes the optiminn use of the frequency band
with regard to picture detail and freedom from flicker. This musl he
Fargely o matter of judgment where the psychologieal aspects are im-
portant. As will be seen the decision will he influenced by other factors
cneh as olion picture standards existing power system frequency, and
seanning seguenee,

CATione-1AY SCANNING

AL present eathode-ray seanning gives the greatest promise for a
Celevizmn cyatem, This involves for example the use of the iconoseope
weon piekp deviee st the tranamitter and the kineseope ab the re-
ceiver,) Both deviecs are similar in that an eleetrostatically Toeused

C Deeimnl elnosifiention: B85 Original monoseript reccived by the In-
ctibate, Decemdbpa TH OG0, '

LD Kell, AV Bedford, nnd MOA Pradner, “An experimental felevision
Dy tenn,” Prac LRUEL vol 22 pps 1246 1260 November, (F31); I8 S Holme,
Wl Coaloon, wnd WA Tolon, “An esperimental televinion syatem,” Pioe.
L1 T, vol 22, pp. 1266 19285 Novemher, (1934, '

.
MY
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beam of electrons is deflected vertically by the magnetic field produced
by a saw-tooth wave of current (Fig. 1(a) ) and horizontally by either
a magnetic or electrostatic field produced by a saw-tooth wave of
voltage of a much higher frequency (Fig. 1(b) ). The action of the
two deflecting fields is to cause the light-sensitive sereen of the icono-
scope or the luminescent sereen of the kinescope to be uniformly
scanned by the electron beam as shown in Fig. 1(c). In this as well as
the following figures, the line frequency is shown as approximately
200 cycles to facilitate illustrating, while in practice it is about 7000
cycles. The return path for each line is shown dotted.

(@)
30 CPS VERTICAL

240 CRS HORIZONTAL
(b}

Fig. 1—Generation of & progressive scanning pattern.

ALTERNATING-CURRENT Power Suprry RirrLE

Alternating-current power-operated receivers contain sixty-cycle
and 120-cycle disturbances in the direct voltage supplies which operate
the receiver. In sound reception this is called “hum” but in the present
paper the term “alternating-current ripple” will be used since the
term “hum” implies audibility.

Alternating-current ripple in cathode-ray television shows itself in
several ways. When superimposed upon the deflection of the scanning
beam it produces the wavy edges as shown in Fig. 2(a), in the case of
the horizontal deflection, and causes the nonuniform spacing of the
lines of the picture as shown in Tig. 2(b), in the case of the vertical
deflection. When the ripple exists in the cathode-ray anode voltage
supply, it alters the stiffness of the beam as regards deflection and -
thereby modulates the deflecting influence of both the deflecting waves.
This effect upon the horizontal deflection is shown in Fig. 2(c). It
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Jiomld L nnderstood that these efieets operate not only to distort the
e snd density of the seanning patiern, but alko eause the misplaee-
ment of the defails of the picture, The presenee of alternating-current,
ripple in the video frequeney amplifier causes the pattern to vary
alternately in brichiness from top to hottomn of the picture. ("This
cficet i< notb shown in the fienres) Aetually all of these effeets ocenr
shinultaneonsly thoneh for elearness they have been shown separately.

We now reaeh g very important point in regard to the psychological
Cficet of alternatine-enrrent, ripple; e, whether the distortion pro-
chieed (ripple pattern) is stationary or moving with respect 1o the
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the observer is able or attempts to follow the clements of dedail in their
shifting of position, and a loss of resolution or blurring of the picture
in so far as the eye fails to follow the shifting. The presenee of sixty-
cycle ripple in the picture signal also causes a twelve-cycle flicker of
portions of the picture.

In case some picture repetition rate between twenty-fourand thirty,
say twenty-seven, is chosen, the “ripple pattern” will drift upward
across the picture at the rate of about six cycles of ripple per second.
At this rate, the eye would be able to follow the elements of picture
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(b)HI.7ER’NRY.‘_' YERTICRL CYCLES rFoR 2 CP3. PROGRESSIVE SCAN PRTITERN
WITH GOCAS. RIPPLE oON THE HORIZONTAL DEFLECTION.

Fig. 3

detail so that no appreciable loss of resolution would be observed but
due to the propagation of the “ripple pattern” the picture would
given an annoying effect, of motion, similar {0 that experienced when
viewing stationary objects submerged in water having waves on its
surface. Tigs. 4(a) and (b) show schematically some standing ripple
patterns for various scanning conditions, while (c), (d), and (c) show
some conditions for moving ripple patterns that repeat in two or three
vertical scanning cycles.

From the foregoing considerations and from tests, it seems desirable
that the picture repetition rate he some integer submultiple of sixty,
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stueh as fen, fifteen, twenty, or thirty. So far as continuify of motion
in the pieture is coneerned, it is probable that fifteen or twenty would
he high enough, although the motion picture standard is twenty-four
per seeond. However, a mueh higher repetition rate is required inorder
to reduee pieture (licker to a satisfactory level. From data previously
presented about forty-cight pietures per second would be required even
it no allowanee is made for inerease in picture hrightness hy future de-

velopment.®
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Fig. 4—Schematic representation of alternating-current

ripple on various scanning patterns.

Since sixty has no integer submultiple between thirty and sixty,
it would seem that the adoption of a repetition rate of sixty per second
is required for operation from a sixty-cyele power source. Increasing
the picture repetition rate and hence the frequeney band in the ratio
of sixty to fifteen to eliminate flicker may be giving flicker elimination
the advantage in the compromise with picture detail. Yet numerous
tests have shown that thirty frames per second is distinetly unsatis-
factory in regard to flicker.

*E. W. Engstrom, “A study of television image characteristiecs—Part I1,”
Proc. I.LR.E,, vol. 23, pp. 205-310; April, (1935).
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. ODD-LINE INTERLACED SCANNING

At least a partial solution of the problem has been provided by
interlaced scanning, in which alternate lines are scanned in successive
vertical deflection cycles. Such scanning procedure is old in the televi-
sion art as produced by the scanning disk in which two or more spirais
of apertures are used. In the case of two spirals the interlacing is ob-
tained by locating the apertures on the disk radii such that the aper-
tures of one spiral scan the even-numbered lines and the apertures of
the second spiral scan the odd-numbered lines.

An interlaced scanning pattern must be obtained in cathode-ray
television by electrical methods. The odd-line method, as the name im-
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Fig. 5—Generation of interlaced scanning pattern by odd-line method.

plics, makes use of an odd number of horizontal scanning lines for each
two vertical scanning cycles, Tor example, the condition now con-
sidered optimum for a video frequency band of 750 kilocycles is 243
lines in the complete picture, the frame frequency being thirty and the
field frequency being sixty cyeles. This makes the horizontal scanning
frequency 7290 cyeles and the lines per vertical deflection cycle 1214,
The half line left over at the end of each vertical cycle causes the
alternate vertical deflection cycles to start 180 degrees apart with
respect to the horizontal deflection cycle. Iig. 5 indicates how this
will produce the interlaced effect. The lines 1, 3, 9, ete., are scanned
during odd vertical saw-tootl, cyeles, whereas lines 2, 4, 6, etc. are
scanned during the even vertiea] saw-tooth cycles. The arrows in the
figure indicate the path of the scanning beam. Geometric construction
for any point p in the pattern is shown by the broken line. (The light
solid lines show a variaton in timing to be discussed later.)
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Any one line is repeated only thirty times per second but no line
flicker is perceptible because of the extremely small area occupied by a
single line, and because of the small angle subtended at the eye by a
single line. From data previously presented,? these factors are known to
reduce flicker. Two or more alternate lines cannot co-operate to pro-
duce a thirty-cycle flicker by combining their area because if the eye
includes more than one line, the intermediate lines will be unavoidably
seen and the eye is subjected to the sixty-cycle alternating light effeet
as produced by the picture acting as a whole. One exception to this is
possible but not probable and would occur when the subject matter of
the transmitted picture chances to contain horizontal lines which agree

T
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(@) GO C.RS. RIPPLE IN NORIZONTAL (b)60CRS RIPPLE INVERTICAL
B0C.RS. INTERLACED VERT. EFFECT ON LINE DISTRIBUTION,

(c) 120 CRS. RIPPLE IN HORIZONTAL.

Tig. 6—Effect of ripple on thirty- to sixty-cycle interlaced pattern.

in position with the scanning lines such as to cause alternate lines to
be dark over an appreciable area of the sereen. Tests with this method
of scanning have proved very satisfactory from the point of view of
flicker for any ordinary picture subject matter.

One slightly objectionable optical effect is noticeable in interlaced
scanning pictures when objeets in the scene move rapidly. If the motion
is horizontal, the edges of the object appear to be jagged. This is due
to the fact that a moving object is transmitted as a rapidly changing
series of “stills” and that each alternate “still” is composed of only one
set of alternate lines and that each “still” is slightly displaced horizon-
tally with respeet to the one preceding. On the other hand, the motion
is actually portrayed more accurately by the thirty to sixty interlaced
scanning than with thirty-frame progressive scanning, since the mov-
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ing object is shown in sixty positions per second instead of thirty. This
gain, however, is considered not to be of practical value.

When an object in the scene moves vertically, the apparent jagged
edges of the object are not evidenced but the entire object may appear
to be transmitted by a-system having only half the total number of
lines. This effect is complete and at its worst only if the motion is at
the rate of one line pitch per one sixtieth of a second or an integer
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Fig. 7

multiple thereof. This loss of detail in a moving object is largely offset
by the well-known fact that moving objects require less resolution in
order to be understood, and that the eye cannot resolve minute detail
in moving objects.

The effects of sixty-cycle and 120-cycle ripple upon interlaced
patterns is shown in Figs. 6, 7, and 8. In the case of thirty- to sixty-
cycle interlaced scanning (T'ig. 6) the effects are very much the same
as for thirty-cycle progressive scanning. The lines are displaced accord-
ing to the sine law horizontally as shown in Figs.6(a) and (c), and verti-
cally as shown in Fig. 6(b). However, adjacent lines of the even and
odd vertical deflections are all displaced similarly so that slight fixed
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distortion of the picture is the only ill effect. Such distortion may have
o maenitude equal to several times the Tine piteh fora 243-lince picture
without being serious.

For a twenty-four- to forty-cight-cycle interlaced pattern, Fig. 7(a)
ows that four vertical defleetion eyeles are required for a complete
reenrrence of gsistyv-evele ripple, and Fig, 7(h) shows that two are re-
uired for 120-eyele ripple. The horizontal lines in these figures are
nutnbered to show to which defleetion eyele they belong. (The return
lines are omitted and the magnitude of the ripple effect is exagecrated
to <implify illnsteation.) Fig, 8 shows the vertical displacement, due to
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The odd-line method of producing interlacing as desecribed requires
only uniform saw-tooth wave shape deflection in which the vertical
and horizontal scanning frequencies bear to one another a fixed ratio
which is a whole number plus one half. To maintain these simple rela-
tions, however, presents several problems, mostly arising froin the fact
that the alternate vertical deflecting cycles start at different times with
regard to the horizontal deflections. These starting times are shown as
to and ({p41/60) seconds in Figs. 9(a) and (b). The two waves shown
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are two different sections of the synchronizing wave, occurring alter-
nately one sixtieth of a second apart. The “even vertical” synchroniz-
ing impulse occurs immediately following a horizontal synchronizing
impulse while the “odd vertica]” starts about midway between two
“horizontals.” Both vertical impulses have sections removed in order
to accommodate “hovizontals” that oceur during the “vertical” in
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transmission.! The impulses are then impressed upon a filter substan-
tially as shown in Fig. 9(g) in order to obtain the impulses (e) and (f)
for synchronization of the horizontal deflecting circuit. The function
of the filter is primarily that of differentiation so that the output wave
has magnitudes which depend upon the slopes of the input wave. The
blocking oscillator for the horizontal deflecting circuit is not responsive
to the small portion of the “vertical” impulse present in the wave (e)
and (f) due to their timing as well as their reduced amplitude.

The impulses of Tigs. 9(a) and (b) are also impressed upon the
filter of Tig. 9(h) to obtain the alternate waves such as Tigs. 9(c) and
(d) for the synchronization of the vertical deflecting circuit. This filter
primarily integrates the impulses of the input wave as the output is
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Tlig. 10—Blocking oscillator and saw-tooth generator.

the voltage across a condenser C; charged through a resistor R. The
“horizontal” impulses have amplitudes greatly reduced in comparison
with the “vertical” impulses due to their shorter duration. However, a
study of (c¢) and (d) shows that the “vertical” impulses differ con-
siderably from one another in their amplitude corresponding to any
short interval after Ly or (Lo-+1/60) scconds on the increasing side of
the peak. This difference, which is due to the dissymmetry of the
“horizontals” with respeet to the two “verticals,” tends to cause the
oscillator used in the vertical saw-tooth deflecting circuit and synchro-
nized by (¢) and (d), to operate at a nonuniform speed. It also tends to
make the alternate even and odd saw-tooth strokes differ slightly in
amplitude as will be evident from a study of the method of generation
of the saw-tooth wave by the circuit of Iig. 10. The tube A and as-
sociated circuit comprise the blocking oscillator which generates im-
pulses such as the wave of Tig. 11(g), which has an amplitude about
fifty times as great as the synchronizing wave, Tigs. 9(c) and (d). In
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the circuit it is apparent that the synchronizing wave, though inten-
tionally impressed upon only the oscillator, is also impressed through
the transformer winding upon the grid of the discharge tube B, along
with the output of the oscillator, The amount of each discharge of the
condenser C, is dependent upon the amplitude, shape, and duration of
the impulse supplied to the grid of tube B during the discharge time.
The difference in waves (e) and (d) of Fig. 9 causes these factors to
differ slightly for the even and odd impulses, thereby causing the
alternate discharges of condenser C: to differ slightly in amplitude.

[
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Fig. 11—Synchronizing waves for odd-line interlaced scanning.

The net effect of this is a slight vertical displacement of the horizontal
lines of the odd vertical cycles with respect to those of the even cyecles.
(Further explanation of this phenomenon will be given below in con-
nection with “even-line” interlacing.) The displacement will be so
great as to destroy completely the benefits and appearance of inter-
lacing if the difference in magnitude of alternate discharges differs
by as much as 0.41 per cent. A lesser amount will cause the lines to be
grouped in pairs.

Bxtremely accurate timing of the alternate vertical saw-tooth
generating discharges is not directly necessary for sufficiently uniform
spacing of the lines in interlaced scanning. In Fig. 5 the light solid
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lines show the chanee eaused in the generated pattern when the even
discharges begin at a time (nf--c) instend of time nf as would be
required for perfeet timing. As drawn, the interlacing is not impaired,
the assumption being made that all diseharges are identieal in mag-
nitude. Actually the delayed discharge would be slightly greater due
to a slichtly greater average voltage on the plate of the discharge
{ube during the diseharge. (19or a sercen-urid type discharge tube, this
discrepancy would be less)) Tlowever, indireetly nonuniform timing
has a laree effect upon the spacing of the lines sinee it alters the time
relation of the synehronizing impulse to the dizcharge time and thereby
changes the effectiveness of the synchronizing impulses as a contribu-
tor to the magnitude of the discharges.

Several methods have been developed which sitisfactorily over-
come the dissymmetry of the “infegrated” synchronizing impulses.
One method is to make the synehronizing impulses identical in the
region of the even and odd vertieal synehronizing impulses, Thix is ac-
complished by the arbitrary introduction at the transmitter of addi-
tional impulses similar to the horizontal synchronizing impulses. They
are loeated midway between each two regular horizontal synchronizing
impulses for an interval of a few line periods before and during the
vertieal synchronizing impulses, as shown in TFigs. 11¢a) and (1), The
vertieal synehronizing impulses are interrupted- at half-line period
intervals in order to accommodate the regular and the additional
horizontal synchronizing impulses. The first additional impulse “p”
may be of different duration than the others in order to compensate
partially the charge in the “integrating” condenser for the necessary
dissymmetry preceding the region of additional impulses. The partially
integrated waves of the evenand odd vertieal syrchronizing waves are
respectively shown at (¢) and (d), Fig. 11. They are practically identi-
cal during the oceurrence of the oscillator impulse ().

Of course, the “extra horizontal” impulses pass through the hori-
zontal impulse selecting filter the same as do the regular “horizontal”
impulses, TFigs. 11(c) and (f). However, due to their timing, the
blocking oscillator of the horizontal deflecting cireuit does not respond
to them. Use of the modified synchronizing wave has resulted in better
operation with less critical adjustment of the vertical deflection speed
control and of the amount of impressed synchronizing signal.

Another method for overcoming the effect of dissymmetry of the
synchronizing waves upon interlacing involves the use in the receiver
of an additional vertical frequency blocking oscillator, which serves
as a “buffer.” This oscillator synchronizes on the “integrated” syn-
chronizing wave and in turn supplies synchronizing impulses having a
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higher degree of uniformity in amplitude to the blocking oscillator
used to produce the saw tooth of voltage. However, the alteration of the
synchronizing wave is the preferred solution, since it entails no addi-
tional receiver equipment.

Dissimilar vertical saw-tooth waves may also be caused by “cross
talk” between the horizonta] and vertical deflecting circuits in the re-
ceiver. This may be overcome satisfactorily by moderate shielding and
the exercise of care in tie location of parts.
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Fig. 12—Even-line interlacing,

Evex-Lixg INTERLACED SCANNING

The even-line method of interlacing involves the utilization of the
phenomenon which as Just described as the greatest handicap of
proper interlacing by the odd-line method, namely, dissimilar even and
odd vertical saw-tooth generating discharges. For the sake of analysis
a train of discharge impulses of sixty-cycle recurrence frequency but
having alternate impulses of unequal amplitudes, may he considered to
censist of two separate trains of discharge impulses as follows, acting
simultaneously: One uniform train of sixty-cyele impulses and one uni-
f(?rm train of thirty -cycle impulses having an amplitude equal to the
difference in the alternate discharges of the original train of impulses.
These two traing respectively produce the saw-tooth waves of Figs.
12 (d) and (e) which combined make the wave of Tig. 12(f).

ror the purpose of illustration, the wave of Fig. 13(b) represents a
horizontal deflecting saw-tooth wave of four times the frequency of




Kell, Bedford, and Trainer: Scanning Sequence 573

the vertical wave. Tig. 13(c) represents the seanning pattern traced on
the iconoscope or kinescope when deflected simultaneously by the
vertical and horizontal waves of Tigs. 12 (a) and (b). The arrows on the
lines show the direction of travel of the scanning beam. This pattern
readily indicates that an interlaced effect will be obtained because the
lines for adjacent vertical scannings are alternated in position. Also the
fact that the similar lines for adjacent vertical scannings will not fall
upon one another will be clear from Fig. 12(f) since y: and y2 cor-
responding to {1 and i, respectively, are not equal when t;, ts, etc.,
represent the period of the wave of Tig. 12(d). If the amplitude of the

(a) 6o crs. vERTICAL
/Qrm 30 CPS.COMPONENT)
{ 3

(b) 240 CR5 HORIZONTAL

Fig. 13—Generation of interlaced scanning pattern by even-line method.

wave of Fig. 12(e) is altered, (y2—y1) will be changed and the spacing
between the “even” and “odd” lines will be altered. This leads to the
major defect of this method of interlacing, namely, that the value of
the difference between the amplitude of the alternate discharges is
somewhat critical for perfect interlacing, which might necessitate the
use of an additional control on the receiver.

Tigs. 12(a) and (b) show the even and odd sections of the synchron-
izing wave used. The actual synchronization of the vertical oscillator
is maintained by the first-oceurring portion of the wave, which is
identical for the even and odd cyeles. However, the impulse Tig. 12(c)
gencrated by the oscillator oceurs slightly later and includes part of the
time in which the even and odd portions differ as shown by the dotted
line Tig. 12(h). This synchronizing wave is used for two purposcs, as
follows: It is fillered to remove the horizontal impulses substantially,
as was deseribed for the odd-line method of interlacing, and then im-
pressed upon the vertical oscillator for synchronizing. The synchroniz-
ing wave (unfillered) is also impressed upon the eathode cireuit of the
discharge tube, while the output of the oscillator is impressed upon
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the grid to cause the discharge tube to pass plate current intermit.-
tently and thereby generate the vertical saw-tooth wave. The plate
conductivity of the discharge tube is a function of the cathode poten-
tial as well as the grid potential. Therefore, since the oscillator output
wave Iig. 12(c) occurs partly during the interval in which wave por-
tions of Figs. 12(a) and (b) are different, the alternate discharges will
be different. The difference in area under the “even” and “odd” por-
tions of the wave, which causes the inequality of the alternate dis-
charges, needs to he only a fraction of one per cent of the area under
the oscillator impulse as applied to the grid circuit of the discharge
tube,

OTHER PROBLEMS ASSoCIATED WITH INTERLACED SCANNING

For a picture containing such a great number of lines, difficulty
was experienced in the mechanical accuracy of construction of g syn-
chronizing signal generator of the rotary type. An electrical synchron-
izing signal generator has been developed, which consists of special
multivibrator and wave-shaping circuijts synchronized with the
sixty-cycle power supply. Further description of this signal generator
is beyond the scope of this paper.

In order to use standard thirty-ﬁve-mﬂlimeter film for television
subject material it wag hecessary to design the film projector in such
a way that with the film running at twenty-four frames per second, it
could be scanned at rate of thirty complete frames per second or
sixty exposures of the iconoscope plate per second as required for inter-
lacing. By using a specially designed cam-driven oscillating mirror type
projector having a very quick return, it is possible to maintain the
image of the even frames stationary for substantially two sixtieths of
a second, or for two vertiecal scannings, and the odd frames stationary
for substantially three sixtieths of second, or for three scannings. By
this procedure two frames of film are projected in five sixtieths or
one twelfth of g second, which gives the required twenty-four frames
per second.

ConprLix ScANNING ParrERNg

The use of more complex types of interlaced scanning has been
suggested. One of these, known as “triple interlacing” has been used
considerably in mechanical scanning in which g three-spiral disk was
used. Triple interlacing has also been used in a laboratory installation
of a cathode-ray system. In the latter cage the interlacing was gac-
complished by a method using the same prineiple as the “odd-line”
method described, the difference being that the horizontal scanning
frequency was made 3 whole number plus one third (instead of one
half) times the vertica] saw-tooth frequency, In triple interlaced scan-
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ning, the sereen may bhe considered to be divided info groups of lines,
cnch group consisting of three adjaeent lines numbered 1, 2, and 3,
Then the seanning exele would be, fir<t, all lines numbered 1 <eeond,
a1l lines numbered 25 and third, all lines numbered 301 teiple inter-
lacing is to he useful, the most promising vertieal <eanning frequeney
for eathode-ray nse is sixty, which gives a picture repefition rate of
(wenty. At this low frequeney the individual lines exhibit appreciable
Qicker and alko the sercen produces o disnereeable effeet of moving or
sernwling.” This effeet ix due to the faet that if the eyve moves over
the sercen vertieally downward atoa cortain constant speed, it will
rest on line 1 of group one, while it i< heing seanned, then on line 2,
then line 3, then line T of the next aroup, oie.. while cael one is being
cennnod. Actually, il the attention of the eye ix permitted o follow
thix progression, the sereen will appear to become very coarse el 1o
have only one thivd of the total number of lines, This effeet, which
renders triple interlacing very objeetionable, ix practically ab=ent on
the “double™ interlaced sereen, it being possible to observe the effect.
only by speeial effort of the observer. The marked difference between the
double and triple interlaced pattern is due {o the higher repetition rate
of the individual lines and the lareger ratio of the width of a line to
{the width of the group. (There are two lines in each group for double
interlacing.) For quadruple or higher interlacing, it is believed that
these ill effeets would beecome more serious.

(C'ONCLUSION

In conclusion, the writers believe that double interlaced scanning
with a frame frequeney of thirty per sccond iz the optimum known
condition at the present time for alternating-current power supply
sources of sixty eveles per second.

Since the minimum picture repetition rate for negligible flicker has
bheen set at forty-eight pictures per second, it is interesting to compare
the picture detail provided by progressive scanning at forty-cight
pictures per second to that provided by interlaced scanning at thirty
pictures per second, with a maximum video {frequency of 750 kilo-
cveles.

Trom the formula for equal horizontal and vertieal detail,

a =\2f/nRK
where,
a=the number of scanning lines
f=maximum video frequency in cycles
R =aspect ratio (=4/3)
n=1{rame repetition rate
K=0.64
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the grid to cause the discharge tube to pass plate current intermit-
tently and thereby generate the vertical saw-tooth wave. The plate
conductivity of the discharge tube is a function of the cathode poten-
tial as well as the grid potential. Therefore, since the oscillator output
wave Fig, 12(¢) oceurs partly during the interval in which wave por-
tions of Figs. 12(a) and (b) are different, the alternate discharges wil]
be different. The difference in areq under the “even” and “odd” por-
tions of the wave, which causes the inequality of the alternate dis-
charges, needs to bhe only a fraction of one per cent of the area under
the oscillator impulse as applied to the grid circuit of the discharge
tube.

OTHER PROBLEMS ASSOCIATED WITH INTERLACED SCANNING

Tor a picture containing such a great number of lines, difficulty
was experienced in the mechanijeal accuracy of construction of a syn-
chronizing signal generator of the rotary type. An electrical synchron-
izing signal generator has been developed, which consists of special
multivibrator and wave-shaping circuits synchronized with the
sixty-cycle power supply. Further description of this signal generator
is beyond the scope of this paper.

In order to use standard thirty-five-millimeter film for television
subject material it was necessary to design the film projector in such
a way that with the film running at twenty-four frames per second, it
could be scanned at a rate of thirty complete frames per second or

image of the even frames stationary for substantially two sixtieths of
a second, or for two vertical scannings, and the odd frames stationary

this procedure two frames of film are projected in five sixtieths or
one twelfth of a second, which gives the required twenty-four frames
per second.

CompPLEX SCANNING PATTERNS

The use of more complex types of interlaced scanning has been
suggested. One of these, known as “triple interlacing” has been used
considerably in mechanica] scanning in which g three-spiral disk was
used. Triple interlacing has also been used in g laboratory installation
of a cathode-ray system. In the latter case the interlacing was ac-
complished by a method using the same prineiple as the “odd-line”
method described, the difference being that the horizontal scanning
frequency was made a whole number plus one third (instead of one
half) times the vertical saw-tooth frequency. In triple interlaced scan-
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ning, the screen may be considered to be divided into groups of lines,
cach group consisting of three adjacent lines numbered 1, 2, and 3.
Then the seanning eyele would be, first, all lines numbered 1; second,
all lines numbered 2; and third, all lines numbered 3. If triple inter-
lacing is to be useful, the most promising vertical scanning frequency
for eathode-ray use is sixty, which gives a picture repetition rate of
twenty. At this low frequeney the individual lines exhibit appreciable
Aicker and also the sereen produces a disagrecable effect of moving or
«erawling.” This effeet is due to the faet that if the eye moves over
the sereen vertically downward at a cortain constant speed, it will
rost on line 1 of group one, while it is heing scanned, then on line 2,
then line 3, then line 1 of the next group, cle., while each one is being
scanned. Actually, if the attention of the eye is permitied to follow
{his progression, the sereen will appear to become very coarse and to
have only one third of the total number of lines. This effeet, which
renders triple interlacing very objectionable, is practically absent on
the “double” interlaced sereen, it being possible to observe the effect
only by special effort of the observer. The marked difference between the
double and triple interlaced pattern is due to the higher repetition rate
of the individual lines and the larger ratio of the width of a line to
the width of the group. (There afe two lines in each group for double
interlacing.) For quadruple or higher interlacing, it is believed that
these ill effects would become more serious.

CoONCLUSION

In conclusion, the writers believe that double interlaced scanning
with a frame frequency of thirty per second is the optimum known
condition at the present time for alternating-current power supply
sources of sixty cycles per second.

Since the minimum picture repetition rate for negligible flicker has
been set at forty-eight pictures per second, it is interesting to compare
the picture detail provided by progressive scanning at forty-eight
pictures per second to that provided by interlaced scanning at thirty
pictures per second, with a maximum video frequency of 750 kilo-
cycles.

Trom the formula for cqual horizontal and vertical detail,

a = V2f/nRK
where,
a=the number of scanning lines
f=maximum video frequency in cycles
R =aspect ratio (=4/3)
n =frame repetition rate

K=0.64
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the number of lines, a, is 192 for progressive scanning and 243 for inter-
laced scanning.

The effective number of picture elements, e, may be obtained by
the formula, e=a’RK? in which K2 is a correcting factor required on
account of the loss due to random details of the picture not coinciding
with the scanning line as discussed by the writers in the paper previ-
ously cited. (The losses of picture elements due to scanning beam re-
turn time and synchronizing are neglected in this case for simplicity.)
The effective number of picture elements is 20,200 for progressive scan-
ning and 32,100 for interlaced scanning. ‘

From the above it is seen that the progressive scanning provides
only sixty-two per cent of the detail provided by “interlaced” scanning.
One case in which thirty to sixty interlacing would not be optimum
would be for receivers located in alternating-current power districts
other than sixty cycles, receiving programs of a transmitter in g
sixty-cycle area. In this case, the benefits of interlacing would be
largely lost due to alternating-current ripple. (Extra precautions taken
in shielding and filtering the power supply of receivers for such special
conditions will reduce the ripple effects and might make the interlacing
acceptable.) The example just given for transmitter and receiver in
differing power supply frequency areas would represent only a negli-
gible portion of the probable installations except when considering re-
layed programs. Where transmitter and receivers are located in the
Same power supply districts as regards frequency, interlacing can
always be satisfactorily obtained by proper choice of operating char-
acteristics; i.e., for fifty-cycle power source, a frame frequency of
twenty-five per second and & field frequency of fifty per second. (For
a fifty-cycle source, operation at the standard movie speed of twenty-
four frames per second would be satisfactory.)

In direct-current power districts it is at present necessary to use a

receiver.
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A PROPOSED WATTMETER USING MULTIELECTRODE
TUBES®

By

Jouy R, iener

(Californin Institute of Technology, Paadenn, Califormng

TOR direet measurement of small amounts of power, or for meas-

urement of power over a wide range of frequencies, dynamoneter
L wattmeters are unsatisfaetory, and vaeuum fnhe wattmeters are
often resorted to.

itherto vacuum tube wattmeters have depended for their opera-
tion on the use of tubes having o square-faw charaeteristic, conneeted
in o push-pull cireunit so as to avoid indientions eaused by current or
voltage alone. Sueh a deviee was deseribed by TN, Tarner and FOF
MaeNamara in 10300 and was patented by P Peterson in 10267
References to this type of wattmeter may also he found in standard
works on radio-frequeney measureinent.

An attempt to use a multicleetrode tube with coplanar arids for the
measurement of power was made hy T B Waener.,” While the deviee
developed was satisfactory as a voltmeter or amieter, it must be dis-
counted as a wattmeter, for it is clearly hrought oul in Wagner's article
that readings may be obtained by applying voltage or current alone,
condition of zero power. Moreover, it is stated that the output of the
tube used is proportional to the sum of the offects of voltage and cur-
rent if applied separately.

The author wishes to propose a new method of measuring power
through the use of multiclectrode tubes.

It may be shown of some multicleetrode tubes that under certain
conditions the application of alternating voltage to two controlling
clements or grids results in a change in the direet-current component
of the plate current proportional to the product of the voltages at the
erids and the cosine of their phase angle. Henee such tubes may be used
in the construction of a vacuum tube wattmeter.

* Decimal classifieation: R240. Original manuseript received by the In-

stitute, Septemher 30, 1935; revised manuscript received by the Institute,
January 2, 1936.

B ! H. M. Turner and F. T. MacNamara, Proc. LR.E, vol. 1§, pp. 1743-
1747; October, (1930).

19"62 Patent No. 1,586,553, E. Peterson, Bell Telephone Laboratories, June,
* Terman, “Measurements in Radio Engineering,” pp. 31-32.
# Hund, “High-Frequency Measurements,” pp. 302-303.

s T. B. Wagner, Elec. Eng., vol. 53, pp. 1621-1623; December, (1934).
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Of the tubes investigated by the author, the mixer type of tube,
such as the type 2A7 or 6A7, scemed best adapted for use as a waif-
meter tube. The disposition of electrodes in a type 2A7 or 6A7 tube is
shown in Fig. 1. @, and G are held positive at a fixed potential above
that of the cathode, and @, and @, are biased to be negative with
respect to the cathode. Alternating-current potentials proportional to
voltage and eurrent are then applied to G1 and (.

Ga

CGa gy p

TFig. 1

In such a case, the current passing through @, is dependent only
on the potential of (1, being independent of the potential of ¢y, The

AN
0.8 Curves for Type 247 Tube
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-04v of Eqy.
3.0 3
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2.5 ™~ J |

I
=

&

I in Milliamyperes

o] ! 2 3 4 [ &6 -
- ESI In Volts

TFig, 2

proportion of this current reaching the plate is, however, dependent,
only onthe potential of @4. Thusif the characteristics are linear for hoth
(1 and G4, we may expect that the plate current wilj be represented in
the form
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[]v = "Iy’;r.‘l - B l’}(.‘ll':':,'l -+ Iy A D (H

where A, B, € and D are constants,

The first and third terms are necessarily of a purely alternating-
current nature and would not register on a dircet-current meter in the
plate cirenit. The dircet-current component of the product term is
proportional to the power, sinee gy and I ave proportional to alter-

nating voltage and current.

Curves fer type 2 AT Tube
Ty ve. Eqy {or Variocus
Valies of €4,

Eaxntzov

E(}‘— Jeov l

Eyn 1asv

[pin tilliamperes

]

I

' i
1

Eaa in volts

Fig. 3

The actual static characteristics, experimentally obtained by the
author, for a 2A7 tube are shown in Figs. 2 and 3. Fig. 2 is a plot of
I,vs. B¢ for various values of E¢y, and Fig. 3 is a plot of I, vs. Eg, for
various values of Fg;.

If a region can be located such that within it 7, vs. K¢, for various
values of E¢y can be represented by a family of straight lines which,
extended, pass through a common point, and if in this region I, vs.
L, is, for some value of Eg¢y, a straight line, then the plate current of
the tube can be represented by (1) and the tube may be used as a watt-
meter tube.
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Figs. 2 and 3 should, if sufficiently accuraie, enable us to find such
a region if it existed. Unfortunately, there is no large region of lincar
variation of I, with Ii¢y, although something approximaling such a
region may be found. Further, curves such as these ean hardly be
accurate enough to give final evidence of the degree of lincarity, and
can best be used to show under what operating conditions lincarity
may be expected.

Variation of the tul:e characteristic from linearity is best detected
by applying various alternating-current potentials to one grid alone
and noting the variation in the dircct-current component of the plate
current due to “rectification.” Making such tests, the author found that

20,000

Looo

20,000

%
450V 4100V 4130y

=

Fig. 4

the variation in the direct-current component of the plate current
caused by an alternating voltage applied to G, alone was great enough
to preclude the use of a single tube in a wattmeter, since “rectification”
would necessarily result in readings due to current or voltage alone.

Linearity is much more closely approached in {he variation of I,
with Zgy alone. The best result obtained was a change in the direct-
current, component of I, caused by the application of an alternating
voltage to (74 alone not more than three per cent of that for the same
alternating voltage applied to both ; and .

It is possible that tubes similar to the type 2A7 but having more
nearly linear characteristics could be developed. This presents an inter-
esting ficld of investigation which was closed to the author because of
lack of equipment.

In view of the nonlinearity of the characteristics of the tubes avail-
able, a push-pull type of circuit was adopted to check experimentally
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the operation of a wattmeter constructed on the principles outlined
above. The circuit is shown in Fig. 4. The apparatus was built in a self-
contained form with variable shunts and voltage dividers to covera
range from 0.01 to 1.00 amperes and 1 to 200 volts, and with switches
to allow for the use of the instrument as a squarc-law voltmeter or
ammeter as well as a wattmeter. A direct-current amplifier was pro-
vided to allow the use of a rugged onc-milliampere meter in place of
the miecroammeter which would otherwise bave been required.

The instrument was tested at fifty eycles. The curves shown in
Tigs. 5 and 6 demonstrate that at this frequency the instrument be-
haves as a wattmeter should. Fig. 5 is a plot of deflection as a watt-

5 i
4l — Waltmerer Deflection
- vs Cos & at 50 Cycles
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Fig. 5

meler with constant voltage and current vs. cosine of the phase angle,
and shows that the instrument behaves correetly as far as power factor
is concerned, In oblaining this experimental plot the author used an
iron-core phase shifting transformer, such as is used in the calibration
of wati-hour imeters. Fig. 6 is a plot of indicated amperes (the square
root, of seale reading) for the instrmment ag an ammeler vs. actual
amperes as measured by an ammeter. This illustrates that the deflee-
tion is actually proportional to the product of the voltages at the grids,
in this case cach proportional to the current.

With this circuil, the frequencey limitation is of course that of the
Lransformers. Obviously, the phase shift of the transformers does nof,
matber as long as the transformers in the vollage and current, sides
have cqual phase shifts, as they will if they are identical. 16 is impor-
bant, however, that the ratio of transformation does nol vary with
frequency and that the transformers do not in any way distorl, the wave
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form. In the present state of the art there should be small difficulty in
obtaining transformers having a substantially constant ratio of trans-
formation over the audio range, and giving no appreciable distortion
of wave form. With such transformers the device would funetion as
satisfactorily over the entire audio range as it does at fifty cycles.

Calibration of Instrument |
As Am meter at 50 Cycles

Lol

Amperes Indicated

[o] 2 4 K- 8 Lo
Actual Amperes

Fig. 6

It should be noted that such an instrument in conjunction with an
audio-frequency oscillator would serve admirably as an harmonic
analyzer of a zero-beat type, such as described by C. G. Suits.®

Fig. 7

-

In extending the range of the wattmeter to cover radio frequencies,
transformers must, of course, be avoided. As has been explained, a
single tube could be used were its characteristies for both control grids
sufficiently linear. Provided the characteristic of one grid only is sub-
stantially linear, as in the case of the type 2A7 tube, the circuit sug-
gested in Fig. 7 should provide a means of reasonably accurate power

¢ C. G. Buits, Proc. I.R.E., vol. 18, pp. 178-192; January, (1930).
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measurement without the use of transformers. This circuit is sym-
metrical with respect to the applied current; hence deflections due to
current alone are avoided. It is not symmetrical with respect to the
applied voltage, but sufficient lincarity of the characteristic for (4
to avoid immoderate deflections caused by voltage alone is presumed.
A certain limitation of this circuit, that one side of the current input
and one side of the voltage input must be at the same radio-frequency
potential, must be common to all vacuum tube wattmeters not making
use of transformers. Direct-current isolation may be obtained through
the use of condensers.

In conclusion, it may be asserted that present multielectrode tubes
of the mixer type can be utilized to advantage as wattmeter tubes,
and that with similar tubes having more nearly linear characteristics,
the art of power measurement at low levels and varying frequencies
might be considerably advanced.

o et > @ L G Lo
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RADIO PANEL LAMPS AND THEIR CHARACTERISTICS*
By

J. H. KURLANDER
(Westinghouse Lamp Company, Bloomfield, N.J.)

INTRODUCTION
HE original conception of a radio panel lamp or, in more popu-
lar terms a dial light, envisaged no more difficult problem than
“constructing a small light source of low power for illuminating
the station markings on the opaque dials then used. The lamp was
simply mounted in a position to permit the light to fall directly upon
the surface of the dial.

The introduction of translucent dials presented no new problems
except with the later forms of airplane dials which required more at-
tention to be paid to the filament form and to the selection of bulbs
s0 as to prevent streaky illumination of the dial.

In more recent years, however, the simple requirements of dial
illumination have been displaced by the more stringent optical re-
quirements of tuning meters of the shadow-producing type. Since it
was desirable to retain the well-established physical form of the lamps
as used for dial illumination, while at the same time designing them to
meet the requirements of suitable tuning meter lamps, the deceiving
simplicity of these lamps, more often than not, caused the radio manu-
facturers, as well as the lamp manufacturers no small amount of
trouble. ,

1t is the practice in such shadow meters to place the lamp directly
behind a small aperture of predetermined size so that the light shines
directly past the edges of a movable vane to cast a shadow of the vane
on a translucent screen. The vane, which is actuated by a small mag-
netic coil, through which the tube current flows, will show a mini-
mum deflection for the condition of resonance in the circuit and the
shadow of the vane on the screen will, correspondingly, have a mini-
mum width.

To have maximum contrast it is necessary for the edges of the vane
to be sharply delineated on the screen and free from pénumbra effects.
This requires a special straight line form of filament known as the
C-6. Precautions must be taken to place the filament in the bulb so
that images reflected from the bulb walls will not pass through the
aperture and act as secondary sources of light.

* Decimal classification: R380. Original manuscript received by the Insti- |
gutlze, ilui%?)255, 1935. Presented before Tenth Annual Convention, Detg’oit, Mich.,
uly 1, .
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ErLEMENTS OF LaAMP DESIGN
Tungsten Wire Properties—With drawn tungsten wire, the in-
ternal structure of the metal, after drawing, consists of very long
crystals of tungsten. As the lamp is burned, these erystals break up

Fig. 1—Appearance of untreated tungsten wire after burning, showing brittle
condition due to irregular crystal formation.

into smaller sections so that the filament is made up of millions of tiny
blocks of tungsten. (Fig. 1.) .

The advent of nonsag wire, in which very small amounts of either
potassium or sodium are used, represented a very distinct improve-

Fig. 2—Appearance of nonsag tungsten wire after burning, showing formation
of long interlocking crystals which prevents wire from sagging.

ment in filament performance. In such nonsag wire, the erystals, which

form as the filament is burned, interlock with each other like a jigsaw

puzzle in such a manner as to improve the strength of the filament.

(Fig. 2.) Such wire will withstand shock, although it will not withstand
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severe vibration. This wire is used in about ninety-five per cent of all
types of lamps made today and it is also used in the manufacture of
radio panel lamps. While there is loud speaker vibration present in
radio receivers, no difficulty is encountered on this score provided the
lamp is not mounted on the speaker frame or where the speaker vibra-
tion can be transmitted directly to the lamp.

Another formn of tungsten wire with altogether different char-
acteristics is obtained by adding very small amounts of thoria to the
tungsten. As the thoriated filament is burned, very small round-edged
crystals are formed and because of the large number of such crystals
throughout the cross section of any given size of wire, slippage of the
crystals does not affect the filament in general. (I'ig. 3.) Such wire is

Fig. 3- 'Appe'arance of treated sag tungsten wire after burning,
showing formation of minute irregular crystals.

known as sag wire and while it will withstand vibration very well, it
is not so good under shock. It is the practice to use such wire for street
railway lamps. Occasionally, when radio manufacturers thoughtlessly
mount their sockets in such positions that they are subjected to the
full effect of the speaker vibrations, it is necessary to come to their
rescue by temporarily supplying lamps having sag-wire filaments, but
with the result that other forms of trouble are encountered.

Filament Forms—There are several outstanding filament forms used
in the design of radio panel lamps. The straight horizontal coil men-
tioned in connection with the lamps used for tuning meters is known as
the C-6 form. It is somewhat difficult to obtain a perfect C-6 form in
such low-priced lamps, where automatic coiling and mounting ma-
chinery must necessarily be used for high production, low cost work.
In spite of such difficulty, however, very satisfactory results, which
fully meet the requirements, are obtained with present methods.
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The first form of coiled filament used in the carly panel lamps was
the arched, or C-2, type where the filament is mounted bow-shaped
between the two copper lead wires. This filament has the advantage
of casting lght around the lead wires so as to prevent sharp shadows
of the leads being east, on the illuninated dial. In some instances, it is
neeessary to regulate the degree of arching to obtain satisfactory re-
sults in practice. This filament form is still used in certain types of
lamps, but it is only suitable for dial illumination, and since the trend
is very definitely toward a single filament design, which would be satis-
factory for all radio purposes, it may be superseded by the C-6 form so
necessary in shadow meters, and which can also be applicd to dial
illnmination by positioning the lamp so that the filament is parallel
to the dial.

In those special forms of lamps used in hattery-operated receivers,
where the current, is of the order of sixty milliamperes and the voltage
is also low, a straight wire filament form, known as the S-2, is used be-
cause Lhe shortness of the ilament almost precludes coiling,

Lamp Tulbs—Probably more for the reason of having a distin-
guishing bulb type than for any other reason, the standard form of
bulb for radio panel lamp serviee is the small tubular type known as the
1233 measuring approximately three and one-guarter eighths of an
inch in dinmeter. Consideration has been given at various times to
other hulh forms, notably the globular type and a special adapbation
of the tubular type having sloping side walls after the fashion of an
neorn, Here again, standardization, which means low cost and low
price, played an important part so that all panel Inmps for use in home
reccivers are of the T-31 bulh form. In the automotive ficld, however,
where the globular or G type hulb has been in use for many years and
also heenuse of its shorter over-all length to facilitate mounting in the
restrieted steering column controls, this hull is now standard in lamps
nsed inmost reecivers,

Lamp Boses Until recently, the only Tamp base used for radio
panel lonps wos the miniature serew base, As receiver design im-
proved, however, and also due to the nse of the tining meter, it be-
cimne neeessary 1o consider another form of bhase in order fo remove
many of the diflicaltios inherent in the serew-hase Lype. Approxi-
mately one-thivd of Tomp onlages in reecivers is due to the banps vi-
hrating loose in the tockets, therehy selting up prowling noises, Viari-
ous manulaeturers in an effort to correet this condition, Tound in the
cevew-hace Tompe, were nsing saelo means as erimping, the socket nndd
then Toreing the Toanp into the soelet with pliers sooaa Lo loek the
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lamp in position. This not only made it extremely difficult to replace
burned-out lamps but also resulted in cracking from twenty to twenty-
five per cent of the glass bulbs below the top line of the base where
such cracks could not easily be detected. Those lamps then failed early
in life due to leakage trouble.

To remedy this situation, a miniature bayonet base was made
available recently which is just like that employed on the common
automobile types of lamps, except that it is smaller. The use of this
miniature bayonet base is expected to remove many of the troubles
formerly encountered with the old types of screw base and its use is
therefore urged upon receiver manufacturers.

Lamp Inspections—It has been found necessary, in manufacturing
these lamps, to use special means to insure obtaining a good clamp be-
tween the ends of the filament and the copper lead wires. Soft copper is
used to permit the filament ends to be buried in the copper without
fracturing the tungsten wire. A hot clamp is used to obtain the effect
of a weld. Each individual lamp is then tested in an amplifying outfit
whose level of amplification is fixed to make sure that those lamps
having open circuits will be weeded out. In addition to the many
other regular inspections conducted as a routine matter, these special
precautions are required so as to prevent the lamp from creating ex-
traneous noises in the receiver. It is also necessary to obtain lamp bulbs
which are free from seeds, chords, and mold marks, which imperfec-
tions produce shadows.

Lanp CHARACTERISTICS

In any industry which involves the manufacture of hundreds of
millions of units, standardization necessarily assumes a very important
réle so that lamp manufacturers look upon standard types as being the
only ones which really need be used. Only those lamps are placed in
the standard schedules whose quality is definitely assured through
endless tests and whose distribution is widespread. Such lamps, natur-
ally, carry the lowest price. N evertheless, many other types of lamps
are made available to meet a]l requirements.

The types of radio panel lamps now available are Mazda lamps
Nos. 41, 43, 44, and 46 for home receivers and Mazda lamps Nos. 50, 51,
and 55 for automotive receivers. (Table I.) In addition, there are a
number of very special types whose use is restricted to special applica-
tions of limited distribution.

Wherever possible, standard types of lamps should be used as their -
performance is well known by reason by numerous tests and because
their quality is assured by manufacturing experience acquired through
continuous production.
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TABLE I
PoruLan Tyres or Rapto Pasen Lases
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Mazda
Lamp | Volts Amperes Bulb Base Life Service
No.
. 40 6.3 0.156 T-31%, clear Min. Screw 3000 hrs. at 6.3 v. | Radio dinls
41 2.5 0.50 '(1113}, clear . Min, Serew 3000 hrs. nt 2.5 v. | Radio dials
also frosted)
43 2.5 0.65 T-31%, clear Min. Bavonet | 3000 hrs, at 2.5 v. Radio dials und
tuning meters
44 6.3 0.25 T-31, elear Min. Bayonet | 3000 hrs. at 6.3 v. | Radiodinlsand
tuning meters
40 6.3 0.25 T-3}%, clear AMin, Serew 3000 hrs, nt 6.3 v. Radio dials and
tuning meters
50 6-8 | C.P. 1.0 G-3}, clear, AMin. Serew 1000 hrs. at 7.5 v. | Radio dinls
Amp. 0.20 red or green
51 6-8| C.P. 1.0 G-}, clear, Min. Bayonet | 1000 hrs, at 7.5 v. Radio dials
Amp. 0.20 red or green
55 6-8 | C.P. 1% G-t}, clear Alin. Bayonet 500 hrs, at 6.5 v. | Radio dinls
Amp. 0.40
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Fig. 4—Variation of life, lumens, and watts with applied volts.

The life of these lamps will necessarily vary with the applied voltage
and it can be said that a change of one per cent in applied volts will
result in a change of approximately ten per cent in life. (I'ig. 4.) .

While all lamps are designed for an average life rating, it does not
necessarily follow that each lamp will meet the given figure. On the
contrary, in any given group of lamps, a varying rate of lamp failure
will be found and this rate of failure is reasonably definite for large
groups of any given type of lamp. The average life of any appreciable
group of lamps will meet the designed figure due to the fact that some
lamps burn considerably beyond the designed life figure and com-
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pensate for those which fail before the designed life figure has heen
renched. For example, in radio puncl Tamps, about thirleen per
cent of the lamps will have failed ot fifty per cent of designed Tife
and about Gifty-four per cent of the lamps will have failed ot one
hundred per cent of designed life. Similarly, approximately eleven per
cent of the lamps will still he burning at 150 per cent, of designed life
and the Iast lamp will have failed ay, slightly more than 200 per cent
of designed life, "The average life of the entire group of lamps, however,
will be very close to 100 per cent of designed life,

Occasionally, radio manufacturors engage in lamp tests of their
own, particularly with reference to cheeking the current rating of the
lamps. Suceh tests have frequently heen found o be wrong due to the
use of low resistance voltmeters which act as a shunt around the lainp,
taking from 0.02 to as much as 0.05 ampere. The ammeter then meas-
ures the sum of the lamp current and the voltmeter current so that in
the case of a 6.3-volt, 0.15-ampere lamp, the reading may be any-
where from 0.17 to 0.20 ampere. It is well 1o note in this respecet, that
a voltmeter having o resistance of af least 1500 ohms is required for a
reasonably accurate measurement, of these small currents and even
with such a volimeter the degree of error will be 0.004 ampere in the
case of the lamp just mentioned,

REC()MMMNI)A'!‘JONS

A few simple precautions whiel have been determined through
experience acquired over a number of years are to use the right lamp
for the right application and in such special cases as tuning meter de-
viees, it is also important to stress the need of making lamp replace-
ments with the same type of lamp,

Finally, a most important jtem Is one which has to do witl, making
lamps aeeessible in receivers. In a number of models, it is neeessary Lo
remove the entire chassis from the eabinot inorder to replace a burned-
out lamp and since special tools are sometimes required (o remove the
chassis, from two to three hours is often required for this work. More
often than not, the set is out of operation pending the visit of a repair
man and it is only natural for the user (o blame the receiver manu-
facturer for such short-sightedness in design.,

It is important to remember that while (e average life of any
given group of lamps is a known factor, the life of any particular lamy
is unpredictable. Since greater dependence is being placed upon panel
lamps for the proper operation of modern receivers, it is only reason-
able to make provisions for the easy replacement of such lamps by the
users,
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A FUNDAMENTAL SUPPRESSION TYPE
HARMONIC ANALYZER*

By
J. H. PIDDINGTON

(Science Research Scholar, Sydney University, Sydney, Australia)

Summary—The principles and design of an harmonic analyzer of novel form
are described. The analyzer operates by suppressing the fundamental and passing
the harmonics through an amplificr with a calibrated gain control to a cathode-ray
oscillograph or vacuum tube voltmeler.

The apparatus is designed for analysisof a wdio-frequency oscillations but could
be used with frequencies of a much higher order if the curve of frequency against gain
were plotted for the amplifier. The power required for operation is small, an inpul
impedance of the analyzer being of the order of 500,000 ohms.

In practice it was found thal the instrument was capable of giving a fairly ac-
curale estimale of the total harmonic conlent for values as low as 0.2 per cenl. Using a
cathode-ray oscillograph it is possible to separale two or more harmonics, but the
instrument is chicfly useful for estimating lotal harmonic distortion of a wave.

The instrument should be useful as a distortion meler for power supply systems,
giving a reading of the lotal harmonic distortion with the aid of a vacwum tube voll-
meler.

I. INTRODUCTION

JHE design of a harmonic analyzer using an oscillator to beat
1]: with each-harmonic and a highly selective ambplifier to select and
amplify the beat note, presents considerable difficulties when the
voltage to be analyzed has a low audio frequency. The alternative ap-
pears to be some form of fundamental suppression method and the
apparatus described below operates on this principle.

Resonance methods of analysis have been known and used for a
considerable period, but they usually have the disadvantage of re-
quiring an excessive amount of power. Morgan’s' method is of this type.
His paper has an historical summary with bibliography up to 1932.
Wagner? gives a method free from this objection to a certain extent and
with the virtue of simplicity. The other bibliographical references
give some interesting resonance methods of analysis.

The method to be described has been thoroughly tested and found
very effective. It is very simple to build and operate, has an input
impedance of a high order, and will analyze voltages of less than 0.5
per cent distortion.

II. PriNcCIPLE OF METHOD

- The voltage to be analyzed is applied to the input transformer, T,
in Fig. 1. This is a step-down transformer and its design is dealt with

_ * Decimal classification: R537.7. Original manuscript received by the In-
stitute, June 5, 1935.

1 Numbers refer to Bibliography.
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592 Piddington: Harmonic Analyzer

later. The oscillatory voltage is then applied to a resistor, Ry, in series
with a parallel tuned circuit consisting of an inductance, L, a capacity,
C, and a resistance, .. The tuned circuit being adjusted to resonance
with the fundamental of the distorted input voltage offers a high im-
pedance to this voltage and if R, is small the greater part of the funda-
mental voltage is developed across LC while the harmonic voltages
appear across I2;. The percentage of harmonie distortion in the voltage
across I?; is thus very greatly increased.

Since it is undesirable to reduce R; to less than some thousands of
ohms because the impedance of LC to the lower harmonics will be
comparable to that of R, if R, is small, we find it necessary to increase

I

40 v 25,0000,
€L
B+ (s00v)

==4uf
wl~_/“

B~

Fig. 1—Complete diagram of the harmonic analyzer, consisting of fundamental
suppressor, harmonic amplifier, and analyzer equipment.

the impedance of LC to fundamental frequency. This was done in the
first place by connecting LC in the grid circuit of g triode valve and
using a plate coupling coil to give a variable degree of regeneration.
After trying several other methods the scheme finally adopted was
that shown in Fig. 1. A screen-grid tube operated ag g dynatron was
connected across the tuned circuit and adjusted to cause strong oscil-
lations even when R, was quite small, A variable resistor, R,, was con-
nected across the tuned circut to prevent oscillations, and by varying
Iy it is possible to obtain an Impedance across the tuned circuit of some
megohms at the fundamental frequency. If R, is a few thousand ohms
it is thus possible to reduce the fundamental voltage relative to the
harmonies in the ratio of about a thousand to one,

The voltage developed across Ry, consisting almost entirely of
harmonics, is passed through an amplifier with g calibrated gain con-
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trol and applied to a pair of plates of a eathode-ray oscillograph. To the
other pair of plates is conneeted a synehronized linear time base, so
that a picture of the wave form of the new voltage is obtained.

In operating {he apparatus, the resistanee, IYs, is increased until
oscillations commenee. These are visible on the sereen of the oscillo-
eraph and if the time base is temporarily shut off and the switeh, S,
(Tig. 1) closed into position .1, it is possible {o synehronize the fre-
queney of oseillation of the dynatron with that of the input voltage.
This is done by varving the eapaceity of the econdenser, €, and if neces-
sary, switching the induetanee 7, until the image on the sereen of the
cathode-ray oscillograph is a steady ellipse. This procedure is only
necessary when the frequeney of the input voltage is unknown;in other
cases, the condenser ¢ and induetance L, ean he given appropriate
values immediately if they are eatibrated for frequencey.

With the switeh, Sy, in position 8 and K. turned to zevo, {the wave
is seen on the sereen of the oseillograph with the aid of the linear time
base. The reading of the ealibrated gain control of the amplifier 1s
noted and also the amplitude of the pattern on the oscillograph. With
the LC cireuit tuned {o the frequency of the income wave, s is in-
creased until the fundamental is removed. The gain control of the
amplifier is now advanced until the figure on the oscillograph again
assumes its original amplitude (or some measurable fraction if the
harmonic content is small). The ratio of the two readings of the gain
control gives the ratio of fundamental to total harmonie.

If two or more harmonies are present they can be separated by an
analysis of the new wave on the oscillograph screen. If only the total
harmonic content is required, as is often the case, a vacuum tube
voltmeter may be substituted for the cathode-ray oscillograph.

III. DESIGN OF APPARATUS

If the resistor, Ry, and resonance circuit, LC, were connected
directly across the output of the oscillator or other piece of apparatus
to be tested, they would constitute a harmonie filter, damping out
harmonie voltages to a certain extent. Ior this reason the transformer,
T, is interposed. The primary of this transformer has a large value of
inductance to permit of use with apparatus of large output impedance.
Several secondary tappings are provided, the ratios of primary to
secondary found most useful being 10/1, 3/1, and 1/1. For reasons
given below, the primary and secondary should be electrostatically
shielded.

The value of R; is found by trial, being as low as possible while
still permitting of oscillation of the dynatron circuit. Values between
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5000 and 10,000 ohms are usually satisfactory. The best arrangement
is to make I; semivariable, setting it at the optimum value, found by
test.

If the analyzer is to be used on audio oscillations of any frequency
then the values of L and C must be variable over the necessary range.
The ratio of C/L must not be large or the circuit will not offer suffi-
cient impedance. Values of C/L of the order of one microfarad per
henry and smaller were used. The resistor, R, may be a 0- to 100,000-
ohm.variable resistor. Its effect on resonance frequency of the LC cir-
cuit is small.

The design of the amplifier portion of the analyzer (Fig. 1) requires
considerable care. It follows lines similar to those of a preamplifier
for microphone work, having a gain of about seventy decibels and a
fairly flat response curve. It is, however, capable of handling an input
of about 0.5 volt and giving undistorted output up to about sixty volts
peak to a 0.5-megohm load despite the fact that type 75 tubes are
used. The gain control is tapered to permit of accurate readings at
low gain settings.

In operation the amplifier is made to give an output sufficient to
give full deflection on the cathode-ray oscillograph. This is of the
order of twenty to forty volts peak if a fairly low plate voltage is used
on the oscillograph. The input is about 0.5 volt peak and when the
fundamental is suppressed this may fall aslow as 103 volts. If the full
gain of about 3000 is now used the output voltage is three volts peak
which is just enough to measure. T his, of course, is the extreme case
when the harmonic content is 0.2 per cent; if the harmonic exceeds
this figure a more accurate measure can be made.,

If the amplifier is to be operated from the alternating-current mains
great care must be exercised in eliminating alternating-current ripple.
It is for this reason that the input transformer, 7, should have its
two windings electrostatically shielded from one another. In addition
to elaborate filtering of the rectified high tension voltage it was found
necessary to shield all parts and wires in the grid circuit of the first
amplifying tube and effectively to decouple the plate circuit of the
same tube. The high tension supply voltage used is about 400 volts,
this being necessary to permit of the amplifier input of 0.5 volt and
output of about sixty volts without distortion.

The linear time base must be of g type which can be synchronized
to any audio-frequency input voltage, unless the analyzer is to be
used only on special frequencies. If it is not necessary to view the
form of the composite harmonic wave then vacuum tube voltmeter
or other suitable indicating device may be used in place of‘the cathode-
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ray oscillograph and time base. The disadvantages of using such a
method of measurement are the inability to adjust quickly the reso-
nance frequency of the LC circuit to the frequency of theinput voltage,
and uncertainty as to whether the fundamental has been entirely
climinated. The latter objection is removed if a preliminary test is
made using the oscillograph.

IV. OprEraTING TESTS

The wave form of the output voltage of a commercial low-fre-
quency oscillator was examined with the aid of the analyzer, cathode-
ray oscillograph, and time base. The distortion, consisting almost en-

(c)

(b) (d)

Fig. 2-—Oscillograph records of low-frequency oscillations before, (a) and (¢),
and after, (b) and (d), suppression of the fundamental.

tirely of second harmonic could be varied by altering the degree of
coupling in the oscillator circuit. For percentages of harmonic as low
as 0.3 the fundamental could be reduced to an amount small compared
{o the harmonic. The accuracy of determination of percentages of
harmonic distortion lower than this was not of a high order, as the
fundamental voltage could not be reduced below about 0.1 per cent of
its initial value.

It will be seen that if the C'/L value of the resonance circuit is one
microfarad per henry and the value of R, is 10,000 ohms, then the pro-
portion of second harmonic voltage developed across the LC circuit is
less than ten per cent. If necessary, correction may be made for this
error.

The photographs of Tig. 2 illustrate the type of figures to bhe ex-
peeted on the screen of the oscillograph. The first one, (a), shows a sine
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wave of rather low harmonie distortion, although it appears rather
distorted due to nonlinearity of the oscillograph and amplifier. The
second photograph, (b), shows the residual harmonic when the funda-
mental has been suppressed. The gain of the amplifier has been ad-
vanced to five times its former value but the time base refuses to Syn-
chronize itself to the new composite wave. Istimating from the photo-
graphs it would appear that the harmonic distortion was of the order
of two per cent.

The third photograph, (c), depicts an oscillatory voltage of very
bad wave form. On suppressing its fundamental the wave of T ig. 2(d)
is obtained without any amplification. We find by comparing the rela-
tive amplitudes that the voltage under test has about twenty per cent
harmonic distortion, chiefly second harmonic.
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FREQUENCY CONTROL BY LOW POWER FACTOR
LINE CIRCUITS*

By

Crarencs W. Hansunn AND Prinir S, CARTER
(R.C.A. Communieations, Ine., Rocky Point, L.I., New York)

Summary—This paper points oul the advantages of concenlric conductor lines
as low power factor or high Q resonant circuits for controlling the frequency of very
high frequency oscillators. The clectrical characteristics of lines of various dimen-
sions al vartous frequencies 18 given. Screral forms of temperalure compensaied
lines are described. Oscillator circuils, circuil combinalions, and precaulions for
oblaining stable transmiller frequencics are suggested. Photographs of typical line
controlled transmitlers are included. The resulls oblained with line control indicale
that the method has greal polential uscfulness comparable with the usefulness of
piezoclectric crystal control.

INTRODUCTION

N A previous paper! it was pointed out that sections of transmission
line could be used to stabilize the frequencics of transmitters. Tt was
suggested that the lines, serving as very low power factor circuits,

might be used advantagcously to replace piczoclectric erystals in trans-
mitters operated with relatively high power outpuj and at very high
frequencies. Since publication of the previous paper much progress has
been made in the design of lines for frequency control and in their ap-
plication to transmitters operated with output frequencies ranging
from about seven to 500 megacycles.

The form of line best suited for frequency control is one made up of
two concentric conductors, with the outer conductor completely en-
closing the inner one. This form of line is relatively casy to construct
and is completely shielded. The power factor of the line as a resonant
circuit is not increased by radiation or coupling to surrounding objects
and circuits. If desired, the outer conductor may be utilized as a means
of mounting and support for tubes and other circuit clements. Copper
is one of the most satisfactory materials from which to construct the
line for ordinary applications but aluminum or aluminum alloys may
be used where weight is an important consideration.

The degree to which a line can be made the predominating element
in determining the frequency of an oscillator is proportional to the
amount of oscillatory energy which may be maintained in it with a

* Decimal classification: R355.6. Original manuscript received by the

{\rllfgi)tl’lt;zdliull?rl%%sl935 Presented before Tenth Annual Convention, Detroit,

) 1 Cor}klin,”Finch, and Hansell, “New methods of frequency control employ-
ing long lines,” Proc. I.R.E., vol. 10, pp. 1918-1930; November, (1931).
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598 -Hansell and Carter: Frequency Conirol

given amount of power. Therefore the quality or figure of merit for
the line may be taken as the ratio of oscillatory energy to power loss.
This ratio is popularly known as the the Q of the line.

The effective length of line may be near any number of quarter wave
lengths. Making the line longer than a quarter or a half wave will not
improve its @, or sharpness of tuning, but it will increase the amount of
oscillatory energy which can be stored in the line without flashover or
excessive temperature rise. Usually it is preferable to obtain the de-
sired storage rating by using large diameters rather than a length ex-
ceeding a quarter or half wave.

CHARACTERISTICS OF LINES

The mathematical determination of the characteristics of concentric
conductor lines gives the results listed in the following table of for-
mulas, the derivation of some of which will be given in an appendix:

Symbols

a =radius of outside surface of inner conductor in centimeters
b=radius of inside surface of outer conductor in centimeters
S=frequency

I =current in line at point of maximum current
A=wavelength in meters

Formulas

Inductance, L=2X (10)~7 loge b/a henrys per meter

Capacity, C=(10)-/(18 log. b/a) farads per meter.

Characteristic impedance, Z =60 log, b/a ohms.

Resistance, R =41.6(10)-7x V(a4 1/b) ohms per meter for a line
constructed of copper.

Attenuation constant a=R/2Z

Power loss in a tuned line, W=7 *R)\/8 watts per quarter wave of
line for a line constructed of copper.

Oscillatory energy, VA = mfLIN /4 =1"\/16%fC per quarter wave.

Figure of merit of a tuned copper line, Q=VA /W =27fL/R =
1/2xfCR.

Maximum figure of merit obtainable with g, copper dine, for a given
value of b, is Q max =1/(6.86(10)~%/X/b) = 1460 b/+/N.

Ratio b/a giving maximum Q, for a given value of b is 3.6, (See
footnotes 2, 3, and 4.)

2 C. 8. Tranklin, British Patent No. 284,005 and i
No. 1’337’559' o nd corresponding U.S. Patent
® Sterba and Feldman, “Transmission lines for short-w radi ”
Proc. L.R.E,, vol. 20, pp. 1163-1202; July, (1932). eri-wave radio systems,

1 F. E. Terman, “Resonant lines in radio circuits,” Elec.
1046-1061; July, (1934). s See. ing., vol. 53 bP-
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Value of maximum voltage gradient =1%/(a log. b/a).

* Ratio b/a giving smallest maximum voltage gradient for a given
maximum voltage and a given value of b is 2.72.

Ratio b/a giving minimum voltage gradient for a given oscillatory
cnergy and a given value of b is 1.65.

Assuming cqual thickness of inside and outside conductor the great-
ost oscillatory encrgy storage is obtainable per pound of copper when
b/a=4.68.

To obtain maximum impedance with a scetion of line, having a
given value of b, (for example, for use as the cquivalent of an insulator)
the ratio of b/a should be 9.18.

Maxims

There are certain maxims made apparent by the study of character-
istics of concentric conductor lines which are very useful in rapid in-
terpolation of line characteristics.

1. The Q of a line is inversely proportional to the square root of the
resistivity of the material used in it.

2. The Q of a line is proportional to the square root of the frequency
and inversely proportional to the square root of the wavelength.

3. The Q of a line is propotional to the diametey of the conductors
so long as the ratio of diameters is constant.

4. The maximum allowable oscillatory energy in a line is substan-
tially proportional to the square of the diameters so long as the ratio
of diameters is constant.’

Examples

Tig. 1 shows the value of the figure of merit, @ for various fre-
quencies and diameters of the outer conductor of concentric conductor
copper lines, assuming a ratio of diameters of 3.6. The values of @ for
other materials and frequencies may be determined readily with the
aid of maxims 1 and 2.

At 60 megacycles the minimum length of inner conductor to tune
would be about 125 centimeters (49 inches). From mechanical consider-
ations a reasonable diameter of outer conductor might be taken as 60
centimeters (24 inches). The innér conductor would be 6.5 inches in
diameter. The over-all dimensions required for the finished line would
be about 24 X 24 X 72 inches. A line of this size would have a @ of about

8 For more exact laws of variation in flashover voltage gradient and energy
storage of lines of different dimensions see “Dielectric Phenomena in High

};?%L.gf)e]gl?,g.i]r;fzering,” published by McGraw-Hill, and other publications of
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20,000. Only ten watts of input power would be required to maintain
an oscillatory energy of 200 kilovolt-amperes in this line. '

Temperature Coefficient

Tests and theory indicate that lines made up of straight tubular
conductors have a temperature coefficient of frequency variation cor-
responding fairly closely to the mechanical temperature coefficient of
linear expansion for the material of which the line is made. So long
as both conductors have the same temperature, the ratio of their di-
ameters and, therefore, the electrical constants per unit of length do not
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Fig. 1—Values of @ (inverse of power factor) for concentric conductor copper
llpes of various diameters at various frequencies, assuming a ratio of
diameters of 3.6.

change with temperature. To a reasonable degree the change in fre-

quency with change in temperature can be considered as due.only to

change in length.

In practice, lines used for frequency control are also subject to
frequency variations due to unequal heating of inner"and outer con-
ductors. This effect is most evident in lines used with relatively large
power dissipation and low frequencies and causes g temporary fre-
quency drift while the line is warming up. The effect can be made small
by using large dimensions and heavy material of good heat conduc-
tivity in the line. It is not very important in oscillators operated at
50,000 kilocyeles or higher with power levels obtainable from com-
mercially available tubes.
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The approximate {emperature cocflicient of lincar expansion, the
resistivitios and heat conduetivities for materials which may be used
advantageously in the construetion of lines are as follows:

Temperature Heat
Material Cocetliciont Redistivity Conductivity
Parts per Million Ohm em? =0 10Y Calories em?t, O
Copper 6.8 1.7 0.0
Aluminum DAL1-2000 2.8 0.5
Brass 1 [ B | 0.2 026
SO : 0,020

Invar (1st entegory) h.Norless
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Fig. 2——Cross section of concentrie conductor line one-quarter wave long having
frequency adjustment and temperature compensation by means of flexible
metal bellows and invar rod.

Redueing the Temperature Cocfficient

One of the simplest and most effcctive means for reducing the tem-
perature coefficient of frequency variation is to hold the effective length
of the inner conductor constant regardless of temperature. This can
be done in the manner shown in Fig. 2, where a small portion of the
inner conductor is made in the form of a flexible metal bellows, and
the inner conductor, ineluding the bellows, is held constant in length
by means of a rod of material, such as invar, which has a very low ex-
pansion coefficient. This construction is also particularly well adapted
to making exact adjustments of frequency by adjusting the free length
of the invar rod to stretch or compress the flexible bellows.
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Fig. 3 shows a form of line constructed with two sizes of inner con-
ductor in such a way that the over-all length of line required to tune
to a given frequency is greatly reduced. The lengths of each of the two
sizes of conductor are made substantially equal and the over-all length
of both is held constant with the invar rod and flexible bellows system.

In such aline the smaller conductor and outer pipe form an effective
inductance while the larger conductor and outer pipe form an effective
- capacity. The inductance and capacity are each very nearly propor-
tional to the length of the respective conductors. Since the over-all
length of the two inner conductors is constant, and the two are equal

[ p—

———

AL TEFENATY vg/
TAPLED COVNECT JON'S,

STE T,

Fig. 3—Cross section of concentric conductor line having frequency adjustment
and temperature compensation combined with shortening of over-all length
by use of two diameters of inner conductor.,

in length, any elongation or contraction of the smaller conductor, due
to change in temperature, causes an equal and opposite percentage
change in the larger conductor. Thus changes in temperature vary
the inductance and capacity of the circuit equally and oppositely and
there is little if any change in natural frequency. 1f lines are to be used
which are physically shorter than a quarter wave, the general arrange-
ment of Fig. 3 is a satisfactory form of construction.

Another method for reducing the temperature coefficient and at
the same time shortening the line is indicated in Fig. 4. This form of
line makes use of the difference in temperature coefficient of expansion
of copper and aluminum to vary the capacity of C in a direction tend-
ing to compensate for variation in length of the Inner conductor. If
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the 