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GENERAL INFORMATION

InsTITUTE. The Institute of Radio Engineers was formed in 1912 through the
amalgamation of the Society of Wireless Telegraph Engineers of Boston,
Massachusetts, and the Wireless Institute of America of New York City.
Its headquarters were established in New York City and the membership
has grown from less than fifty members at the start to almost seven thou-
sand by the end of 1931.
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practice of radio and allied branches of engineering and of the related arts
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high professional standing among its members. Among the methods of ac-
complishing this need is the publication of papers, discussions, and com-
munications of interest to the membership.
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ceived from the membership which are accepted for publication by the
Board of Editors. Copies are sent without additional charge to all members
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Institute through the Secretary.
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scripts and illustrations will be destroyed immediately after publication of
the paper unless the author requests their return. Information on the
mechanical form in which manusecripts should be prepared may be obtained
by addressing the secretary.
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the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L.
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GEOGRAPHICAL LOCATION OF MEMBERS ELECTED

California

Dist. of Columbia
Illinois

Massachusetts

Missouri )
New Hampshire
New Jersey

New York

Ohio

Oregon
Pennsylvania

Texas
Vermont
Washington
Wisconsin
Australia
Canada

Canal Zone
England

Hawaii
Italy
Japan

Sweden

Michigan
hio

California

Kentucky
Minnescta
North Dakota

Ohio

JULY 6, 1932

Elected to the Associate Grade

Berkeley, 1731 Allston Way. .. ....................... Dhami, B, 8.
QOsakland, U.S.C.G. Cutter Tahoe............ ........ .. Kelly, R. P.
Washington, Rm. 2534 Navy Department Bldg.... . ...Brown, T. H.
Chicago, 6602 S. Troy St......... .. ... .. i i Hermanny, W,
Highland Park, 417 McDaniels Ave.......... ... . ....Salyards, W. E.
Pittsfield, 22 First St........... ... . .. ... Robie, E. B.
Somerville, 19 Ilastman Rd.. ... .......... ... ....... St. Clair, E. L.
St. Louis, 1010 Pine St.. ... ...... ... ... .. ...... ..Houcek, L. J.
Lancaster, 84 Middle St.. .. ... ...... .. ... ... . ... ... E]lenberger S. D.
lemgston Northfield Ave......... . .. .. ... .. ...... Fund, 8. R.
Oceanport, 15th Signal Servlce Lu Pt Monmouth. ... .. Kane, G. C.
Brooklyn, 29 Jefferson St.. ......... ... .. ... ... ... Davis, H. E.
New York City, ¢/o J. A. Ewing & McDonald, Inc., 8-10

Bridge St.. . ... Bottner, M. E.
New York City, 180 Varick St......................... Krauth, E. A,
Poughkeepsie, 182 S, Grand Ave....................... Mabhler, R. J.
Rocky Point. . ....... .. ... . . lhornton J. P.
East Cleveland, 15621 Terrace Rd.. .. ................. Bennett, M. T.
Mansfield, Radio Station WJW _ . . .................. .. Myers, M. L.
Portland, ' 611-358th Ave. S.E............ ... .. ......... Anderson, H. C.
Lancaster, 132 E. Lemon St........................... Rettig, A. C.
Oxford, 418 E. Market St................ .. Jones, T. J.
Philadelphia, 1321 Arech St., 2nd FL................. ... Leitch, J. G.
Pittsburgh, Carnegie Tech. Schenley Park.... .......... Gabler, R. T.
Brooks Field, 22nd Observatxon Squadron A.C.......... Allday, C. L.
Winooski, 18 Leclair St.,............... .. ... ... ...... Bigwood, R. F.
Palouse, Box B14. .. ...\ Bockmier, C. F,
Madlson Radio Dept., Northwest Airways, Inc.. .. .....Benson, G. A.
Adelaide, St. Peters, B88th AVe.. .. ouoemo Wicks, J. J.
Saint Jolm N.B,, 38 Cranston Ave............ ......... Ruthen, A. S. R.
Toronto, Ont., 201 HUuron St. .. «ooonono Armstrong, A. T.
Toronto, Ont., 683 Soudan Ave.... ........ ... ....... Banton, K.
loronto, Ont., 26 Tichester Rd., Apt. 407 ... ... ... ... Cockburn, N. A.
Toronto &, ()nt 425 Ashdale Ave ...................... Corless, C. J.
‘Toronto 3 Ont., 86 Morningside Ave................... Nesbit, W. D.
Toronto, ()nt., 35 Nasmith Ave....... ... ... ... .. .... Sachs, M.
Toronto, Ont., 497 Whitmore Ave.. . . ................. Sparkes, P.
Balboa, U.S.S. Sciota. .......... oo i Potter, G. E.
Blshopston Bristol, 9 Salthrop Rd..................... Stephen, D. A.
Chelmsford Essex, Marconi College. . ................. Rifaat, T.
Chelmsford, Essex, Marconi College. . ... .............. Zayoona, J. H.
Plymouth, Devon 26 Carlisle Terrace, The Hoe......... D’'Hesse-Chubb, K.
Westcliff-on- Sea, Essex 99 Eastwood Blvd.............. Cowley, R. I.
Kauai, Kealia. .. ....... .. ... ... ... ... ............ Wada, J. C.
Ngiples_. Via Marima 153. . ... ... ... ... Demedici, L.
leoshlmaken, J.0.F.K. Hara Sending Station, Haramura,

ABBBUN. ... o Mizuno, T.
Nagoya Clty, Okehazama Hosojyo, Arimatu-cho........ Nakamura, H.
Tokio, 3394 Oi-machi......... .. ... ... ... ........... Enomoto, I.
Goteborg, Kungsgatan 8. . .. ...... ... .. ... ... . ... .. Luridwall, B. H.

Elected to the Junior Grade

Petosky, P.O. Box 165. ... ... ... .. . Schaaf, R. H.
North Lima. . ...... ... . . .. ... ... . ... .. ... ... .... Goodwin, W, J.

Elected to the Student Grade
Berkeley, 2740 Mabel St........ .. ... ... ..... .. ..... Pape, K. R.

Berkeley, 2515A Piedmont Ave... ... .. ... ... .. ..Roy, W. H.
Hollywood, 1644 Winona Blvd.. L . .Galla;zher W, S.
Winchester, 335 S. Maple. ... ... ... . ... ... ... ... Friel, F. J., Jr.

\Imneapohs, 531 Walnut St 5. E ......... . .Clements. 1. R.

Elgin, .. ... oo .. .Denk, W. E
Grand Forks, Box 307, University Station.... ... ..... Becken, E. D.
Grand Forks, 1102 Reeves Dr......... .. ... .. . " Moore, R.
Grand Forks, Box 113, University Station............... Stratmoen, A.
Camp Chase................. 0. ... . ... ... .. . ... . Sloan, C. B.
Columbus, 2256 Neil Ave.. .. ......... ... ... .. . .. .. Mueller, W. P.
Columbus, 51 W. Frambes Ave... ... ...... . ..... .. ... Pelikan, B. Z.
Columbus, 2163 Neil Ave............... ... ... .. . .. Ross, A. J.
Columbus, 231 16th Ave.. . ...... ... .. .. .. ... . . .. ... Smart, P. H.
Columbus, 90 E. 12th Ave.. ... ............ . ... ..... Welker, J. W,
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Washington

Wisconsin

Yeographical Location of Members Elected July 6, 1932

Franklin, 744 8. Front St.
Sandusky, 532 Decatur St.

Troy, 29 S. Walnut St... ..

Seattle, 4524 20th Ave, N.E
Seattle, 2621 41st Ave, S.W..
Seattle, Route 8, Box 428 . .
Milwaukee, 1929 W. NMeinecke Ave

D) > @ < @ o

Bryant, V. D.
Winkler, L.
Thomas, S. O.
Mendenhall, G. G
Scott, E. D.
Taylor, R. L.
Plautz, A
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APPLICATIONS FOR MEMBERSHIP

Applications for transfer or election to the various grades of membership
have been received from the persons listed below, and have been approved by the
Committee on Admissions. Members objecting to transfer or election of any of
these applicants should communicate with the Secretary on or before September

6, 1932. These applicants will be considered by the Board of Directors at its
meeting on September 7, 1932.

For Transfer to the Member Grade

California Los Angeles, 1365 Edgeeliff Dr.. . ... .................. Lubcke, H. R.
Michigan Detroit, 2000-2nd Ave.............. ... ... ... ...Buchanan, A. B.
Missouri =t. Louils, Radio Station KMOX, 401 8. 12th St...... ... West, W. H.
England Harrow Weald, Middlesex, “Fayrene,” 2 Whitefriars Dr.. .Henderson, F. A.

For Election to the Member Grade

(‘onnecticut South Manchester, 176 Wadsworth St.................. Reinartz, J. I..
Illinois Chicago, 100 W, Monroe St., 20th Fl............ .. ... Larsen, C. J.
New York Brooklyn, ¢ /o Cable Tube Radio Corp., 84-90 N. 9th St... . Lyle, A. E.
New York City, 195 Broadway . ... Shackleton, 3. P.
Pennsylvania Emporium, Box 723, . ... .. ... ... . ... Miller, H. J.
England London, N.W. 9, Standard Telephones and Cables, The
Hyde, Hendon. .. ...... ... Larnder, H.

For Election to the Associate Grade

C'alifornia Bolinas, R.C.A. Communications, Inc.. ................ Forster, A..G.
Coronado, Squadron VS-15M, Fleet Air Base. .......... Walker, C. W,
Los Angeles, 1461 Ridge Way......................... MecDill, J. L.
San Pedro, U.S.S. Salt Lake City, c/o Postmaster. .. .. .. MeGirr, W. P.

Dist. of Columbia Bellevue, Radio Material School................ .. ... .Salisbury, L. C.

Georgia LaGrange, 124 College Ave........... . White, C. J., Jr.

Kentucky Covington, ¢/o Station WCKY . .. ... .. ... ....... Topmiller, C'. H.

Massachusetts Springfield, United American Bosch Corp............ ... Biernacki, F. L.
L Springfield, United American Bosch Corp....... .. ....Guertin, C. E.
Michigan Royal Oak, 203 Allenhurst Ave........................ Larime, .. H.
Missouri St. Louis, ¢ /o General Electric Supply Corp., 200 8. 7th 3t..Jenkins, H. D.
St. Louis, 200 S. 7th St.. ... ... .. ... . i King, H. T.
New Jersey Madison, 37 Kings Rd.... . ......... ... .... ... . ...Felch, E. P.
. Newark, 839 Bergen St... . .. ... .. .. JR Elston, G. F.
New York Brooklyn, 1444 Carroll St... . .. ... ... ... ..... Bulkowstein, W. A.
Brooklyn, 17153 Caton Ave.. . ...................... ... Kurtz, J. A.
. New York City, 100 Haven Ave............... _. ....Whistler, J. P.
Ohio Mogadore, 36666 Market St......... ....... ..... ...DuBois, W. R.

. Springfield, 581 Selma Rd............ ... .. ... .. .. ... Ditty, A. V.
’l‘exa.s Plainview, P.O. Box 516............. ... .... .. ....MecInnish, G. J.
Canada Vancouver, B. C,, 2027 Granville St.... . . . ... ...Dery, A. W,
China Shanghai, ¢c/o Mr. Hung Lieh-Yang, P.P.O. Post Office. . Ming-Yang, H.

. Tsinan, Dept. of Physics, Cheeloo University........ ... Wu, C.

England Colchester, Essex, 9 St. John's St............. .. . .Straw, F. W,
Hull, Yorks, 50 St. Hilda St., Beverley Rd.... .. . .Simison, J.
Kenton, Middlesex, “Rima,” Kenton Park Close. . .. ...Mitchell, R. B.
London, N. W, 4,2 Ridge Close................ . ...Benham, W. E.
London, E. 15, 178 Plaistow Rd., West Ham... . . .Clack, W. H.
Lgndon. E. 8, 46 Shacklewell Lane, Dalston. ... . . .Pritchard, W. H.
. Woodford Green, Essex, St. Just, 15 Fullers Ave... . ...Reid, D. G.
India B’angalore! Wireless Dept., Indian Inst. of Science... ..Narayanan, P. ..
Java Karanganjar-Soerakarta......................... . ..Cheong, E
Lvatvm vaga_, Rigas 2 Radiostacija............ .. .. ..., . Akmentins, A.
New Zealand Wellington, 36A Severn St., Island Bay.. . ...... ...... Wilkinson, K. T.
;}Iorway . Erqmso. Nordlys Observatoriet.................. ..... Builder, G.
S. Rhodesia Salisbury, Box 1089, Beam Wireless Station. .. .... ...Tyrer, A. R.
For Election to the Junior Grade
Massachusetts Roxbury, 86 Burrell St.. . .............. ... ... .. ..... Brown, H. W,
New York Buffalo, 604 Washington St........... ... . ... . ....0Mears, L.
For Election to the Student Grade
California Stanford University, Box 1453, . ........ ............. Rogers, V. C.
Towa Ames, 2713 Lincoln Way. ................. .. .. ... .. Bachman, C. H.
Towa City, 49-BQuad. ............. ... ..... . ... .. Hahn, J. H.
Sac City, 225 8. 9th St.. .. ... ... .. .. .. ...... Hoyt, C.
Maryland Baltimore, 1642 N. Monroe St................. ....... Chinn, G. I.
Madison. . ................... . Jones,‘T. B.



Massachusetts
Michigan

New Jersey
New York

Oregon ‘
Pennsylvania

South Dakota
Washington

A pplications for Membership

Allston, 1177 Commonwealth Ave
Worcester, 964 Pleasant St.

Adrian, R.F.D. No. 2

Grand Raplds, 1537 Broadw ay Ave. .
Harrison, Development Lab., RCA Radiotron Co
Albany, 31 Hampton St.

Albany, 31 Bogart Ter.

Buffalo, 46 Welmont Pl .

New York City, 3512 Waldo Ave

Troy, 2216-15th St.. ..

Troutdale, Route 2, Box 67

Carlisle, 143 S. W et St.

I.ebanon, 1324 W._ Qak St.

Huron, 780 Illinois Ave. S.W.

Mount Vernon, 148-6th and Evergreen Sts
Puyallup, Route 2, Box 155 .
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Vil

Wagner, H. M.

Morse, R. S.

. Clement, P. I

Rasikas, W.
Schafer, E. W.
Di lLello, P. J
Wolberg, L.

. Pries, L. F

Riesenkonig, H
King, P. B, Jr
Johnson, H. M
Fagan, C. C
Sowers, J. K.
Pasek, 17. M
Barr, I.. R.
Herr, M. D
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With deep regret the Institute records the death of"

Youis Winslow Qustin

on June 27th following an illness which confined him to a hospital
after a surgical operation.

Dr. Austin’s valuable work in the field of radio wave prop-
agation is recognized throughout the world and for it he was
awarded the Institute Medal of Honor in 1927. He was a charter
member of the Institute and became its third president in 1914,

Many of his numerous contributions to scientific literature
will be found in the pages of the Proceedings.
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INSTITUTE NOTES

STANDARDIZATION
TreHNIcAL COMMITTEE ON [LEC TRO-VISUAL 1 EVICES

A meeting of the Technical Committee on Electro-Visual Devices
of the Institute’s Standardization Committee was held on June 16 in
the office of the Institute. Those present were: J. V. L. Hogan, chair-
man; E. K. Cohan, Alfred N. Goldsmith, G. C. Gross (representing
(', B. Jolliffe), Io. F. Kingsbury, R. H. Marriott, A. . Murray, Leslie
Woods (representing W. . Holland), and B. Dudley, secretary.

The committee reviewed the terms adopted at its previous meeting
and also composed several new definitions.

Radio Transmissions of Standard Frequency

The Bureau of Standards transmits standard frequencies from its
station WWYV, Washington, D. C., every Tuesday. The transmissions
are on 5000 kilocycles, and are given continuously from 2:00 to 4:00
p.M., and from 10:00 p.M. tO 12:00 midnight, Iastern Standard Time.
(From October, 1931, to March, 1932, inclusive, the evening schedule
was two hours earlier.) This service may be used by transmitting sta-
tions in adjusting their transmitiers to exact frequency, and by the
public in calibrating frequency standards and transmitting and receiv-
ing apparatus. The transmissions can be heard and utilized by stations
equipped for continuous-wave reception throughout the United States
although not with certainty in some places. The accuracy of the fre-
quency is at all times better than one cycle (one in five million).

From the 5000 kiloeyeles any frequency may he checked by the
mmethod of harmonics. Information on how to receive and utilize the
signals is given in pamphlets obtainable on request addressed to the
Bureaw of Standards, Washington, D. C.

The transmissions consist mainly of continuous, unkeyed carrier
frequency, giving a continuous whistle in the phones when received
with an oscillatory receiving set. For the first five minutes there are
transmitted the general call ((/Q de WWYV) and announcement of the
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frequency. The frequency and the call letters of the station (WWV) are
given every ten minutes thereafter.

Supplementary experimental transmissions are made at other times.
Some of these are made with modulated waves, at various modulation
frequencies. Information regarding proposed supplementary transmis-
sions is given by radio during the regular transmissions, and also
announced in the newspapers.

The Bureau desires to receive reports on the transmissions, espe-
cially because radio transmission phenomena change with the season of
the year. The data desired are approximate field intensity, fading
characteristics, and the suitability of the transmissions for frequency
measurements. It is suggested that in reporting on intensities, the fol-
lowing designations be used where field intensity measurement appara-
tus is not used: (1) hardly perceptible, unreadable; (2) weak, readable
now and then; (3) fairly good, readable with difficulty; (4) good, read-
able; (5) very good, perfectly readable. A statement as to whether
fading is present or not is desired, and if so, its characteristics, such as
time between peaks of signal intensity. Statements as to type of receiv-
ing set and type of antenna used are also desired. The Bureau would
also appreciate reports on the use of the transmissions for purposes of
frequency measurement or control.

All reports and letters regarding the transmissions should be ad-
dressed to the Bureau of Standards, Washington, D. C.

Institute Meetings

BUFFALO-NTAGARA SECTION

The annual meeting of the Buffalo-Niagara Section was held at the
University of Buffalo on June 22, L. G. Hector, chairman, presiding.

A report of the Nominating Committee recommending the re-
election of the present officers was approved. These are chairman, L.
Grant Hector; vice chairman, GG. C. Mc¢Naab: secretary, E. C. Waud;
and treasurer, G. C. Crom, Jr.

The technical portion of the program was devoted to a symposium
on class B amplification. Dr. Hector in his paper outlined the theoreti-
cal differences between class A, B,and C amplifiers and demonstrated by
means of an oscillograph the different forms of the plate current of the
various types of amplifiers under normal and overload conditions.

He was followed by Mr. C'rom of the Colonial Radio Corporation
who discussed the design features necessary to obtain maximum power
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from the new type 46 class B tubes and demonstrated such an amplifier
delivering approximately 30 watts power to a loud speaker.

J. S. Starrett of the RCA Vietor Company then discussed the
advantages of the class B amplifier as compared with pentodes, demon-
strating both by listening to tests of the output of amplifiers of each
type and seeing the distortion as indicated on a cathode ray oscillo-
graph.

The fourth paper, by V. C. McNaab of the Wurlitzer Manufactur-
ing Corporation, covered the design features necessary to secure good
quality with limited power in the driver tube. A receiver of this type
of small size and low cost was demonstrated.

Following the demonstrations, there was a lengthy discussion on
these papers which was participated in by many of the eighty-three
members and guests present.

CHICAGO SECTION

J. Barton Hoag presided at the April 29 meeting of the Chicago
Section held at the Western Society of Iingineers Headquarters, in
(hicago.

Two papers were presented; the first on “Nethods of Measure-
ment of Frequency Deviations of Radio Transmitting Stations” was
by John Sherman, member of the Chicago staff of the Supervisor of
Radio, Department of Commerce. The paper was illustrated with
slides and covered fully the interesting work this department of the
government is carrying on. Many changes and improvements in broad-
casting make this measurement highly important. A thorough dis-
cussion of the design and characteristics of the radio receivers and
measurement equipment in operation in the engineering department
was given.

The second paper of the evening on “Ignition Noise Suppression in
Automobile Radio Receivers ” was presented by I'. W. Schor and
covered a subject of considerable interest to those who come in contact
with automobile radio equipment. The speaker pointed out some very
interesting aspects of the subject and the very practical point of view
from which he talked on the various problems brought forth consider-

able discussion from the two hundred members and guests in at-
tendance.

The May meeting of the Chicago Section was held at the Hotel
Stevens, J. Barton Hoag, presiding. This meeting was held during the
R.M.A. Show and attracted a substantial number of visiting engineers.

A paper on “Radio Receiving Tube Developments” was presented
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by E. W. Ritter of the RCA Radiotron Company, and covered a num-
ber of the new tubes which have recently been announced. The sub-
stantial discussion which succeed the paper practically turned the
meeting into a symposium on the subject and among those who spoke
were Messrs. Arnold, Grimes, Hoag, Jarvis, Jones, Manson, Replogle,
Ritter, Schmidt, Schor, and Stromeyer.

The meeting was attended by three hundred members and guests-

CLEVELAND SECTION

The April 22 meeting of the Cleveland Section was held at the (‘ase
School of Applied Science, Chairman E. L. Gove presiding.

S. E. Leonard, Engineer in charge of WTAM, presented a paper on
“The Meaning of ‘Microvolts per Meter'™ in which he discussed the
coverage of broadcast stations in general, and WTAM in particular.
He exhibited a map of Ohio and western Pennsylvania showing the
strength of the field from WTAM under various conditions of power
and locations as plotted during the past several years. This map showed
clearly the improvement in the uniformity of coverage obtained by the
station since its removal to a more remote location and its increase in
power above that originally permitted.

The speaker discussed in detail the empirical standards recently
set up by the Federal Radio Commission as a basis for engineering
testimony in hearings concerning broadeast stations. He pointed out
that they represented more or less theoretical averages and are subject
to many variations in special cases. Tables were presented to indicate
the field intensities necessary for good service and also to show the
average maximum good service range of broadeast stations of various
powers. 3

The second paper of the evening, presented by J. R. Martin of the
Case School of Applied Science, was “The Vacuum Tube in Oscilla-
tory Circuits.”

Conditions under which a vacuum tube circuit will oscillate were
discussed and it was pointed out that a state of effective zero resistance
must be reached before oscillations could be set up. By extending this
effective resistance in a negative direction, the tendency toward sus-
tained oscillation is increased. Of special interest was his development
of the work to permit a very small tube to control a high power oscil-
lating circuit. He stated, however, that theory and practice were some-
what at variance and that should the power circuit stop oscillating even
for an instant, the control tube would be quickly destroyed by the
power which would then be out of control.



Institute News and Radio Notes 1239

The meeting was attended by forty-nine members and guests.

The May meeting held on the 20th was also at the Clase School of
Applied Science with L. L. Gove, chairman, presiding.

Two papers were presented, the first on “(onsiderations Involved
‘n Broadeast Antenna Design” by Professor J. I'. Byrne of Ohio State
University and the second, “Theory and Practice of Thyratron and
Cathode Ray Tubes” by Professor J. R. Martin of Case School of
Applied Science.

Professor Bryne indicated that broadeast antenna design involved
two considerations, engineering and economic. The former is based
upon the necessity of establishing a strong signal at the surface of the
earth and methods of determining antenna effectiveness by making a
number of local field strength measurements were explained. These
measurements show that for a given antenna power, maximurm field
intensity is a function of height and resistance at the base of the
antenna. He stated that the greatest effectiveness of the vertical
antenna was obtained when the height was five-eighths of the wave-
length which increases effectiveness by modification of the polar radia-
tion distribution. When the height of the antenna is small, the effective-
ness can he inereased by making the resistance at the base large in com-
parison with the ground resistance. This ean he accomplished by add-
ing a flat top which should not he more than three-sixteenths of a wave-
length long.

Keonomie considerations indieate the feasibility of using antenna
sgystems higher than most of those in serviee at present particularly in
(he case of high power stations operating at low frequencies. The added
antenna cost can be justified by the inerease in surface arca coverage.

At the close of the paper the speaker demonstrated a field strength
measuring sct constructed at the Ohio State Uni ersily.

Professor Martin outlined the constructional details and methods
of operation of thyratron and cathode ray tubes. A number of typical
tubes were available for examination by the audience.

In diseussing eathode ray tubes, he pointed out their value in the
standardization of quartz erystals, in studying frequency and phase
relationships, and in television experiments. The advantages of el hode
ray tubes over mechanienl oscillographs were pointed out. The par-
ticular tube displayed had a high voltage sensitivity and a low photo
gruphic sensitivity. Professor Martin also deseribed n new tube of
opposite charaeteristies in which the photographie film was intro-
duced direetly into the tube requiring the tube to be ovacunted oach
time it was used

L ——
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The thyratron tube is filled with mercury vapor and offers a high
resistance to current flow until ionization due to collision between the
mercury molecules and cleetrons from the filament oceurs. Then it
becomes highly conduetive behaving like a mercury are which can-
not be extinguished or controlled by the grid potential heeause the
grid is sheathed by a film of positive ions. This tube hus many in-
dustrial and experimental uses.

The meeting was attended by fifty members and guests.

CONNECTICUT VALLEY SECTION

L. ¥. Curtis, chairman, presided at the March 30 meeting of the
Connecticut Valley Seetion held at the Hotel Charles in Springfield,
Mass.

David Grimes, License Engineer of the Radio Corporation of
Ameriea, presented a paper on “Analyzing and Measuring Amplitude
and Frequeney Modulation.”

In this paper the author covered the effeets of frequeney modula-
tion in amplitude moduliated signal generators. At some frequencies
the frequency modulation in a generator which tunes aeross the broad-
cast band can be so great as to eause the earrier and one side band to
disappear entirely, with consequent loss of accuracy in readings. Veetor
analyses of amplitude and frequency modulation were given, and after
the discussion there followed an apparatus demonstration in which a
highly sclective receiver was employed to separate the side bands from
the carrier of a typieal signal generator. The effeets of frequency modu-
lation on the amplitude of earrier and side bands at different fro-
quencies were demonstrated by vacuum tube voltmeter readings.

The paper was discussed by & number of the forty-two members and
guests in attendance, of whom nine were present at the informal dinner
which preceded the meeting, '

The May meeting of the Connecticut Valley Seetion was held at the
Hotel Charles in Springfield, with 11, W Holt, viee chairman, presid-
ing.

“Reeent Developments in Reeeiving Tubes” was the subjeet of a
paper by Pl Weeks, Chief Engineer of the Rayvtheon Production
Company. Dr. Weeks' paper traced the development of the different
types of receiving tubes grouped according to filament-voltage ratings,
with comparisons of corresponding types in each group. The uses of
the latest additions, such as the 16, 82, 3K, ete., were explained. The
talk was illustrated with lantern slides, showing curves for the various
types, and a large number of tubes were available for inspection,
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Several of the thirty-six members and guests in attendance par-
ticipated in the discussion which followed presentation of the paper.

DETROIT SECTION

A meeting of the Detroit Section was held at the Detroit News
Conference Room with H. L. Byerlay, chairman, presiding.

The paper presented at this meeting on «Transmission of Voice and
Radio Programs over Telephone Circuits” was by J. G. Braybrook of
the Michigan Telephone Company, and B. k. Love of the American
Telephone and Telegraph Company. Mr. Braybrook presented an in-
teresting description of methods of transmitting voice and music over
telephone lines. By means of an oscillograph he showed the complexity
of the waves that must be transmitted. Some phonograph records were
used to demonstrate the effect of cutting off frequencies in the range
of 100 to 5000 cycles in the transmission of speech and music. The
permissibility of substantial amounts of distortion in the transmission
of intelligible speech was pointed out and contrasted with the much
greater fidelity necessary for satisfactory transmission of music. The
speaker closed with an explanation of some of the means used in
minimizing distortion in telephone line transmission.

The seecond portion of the paper was presented by Mr. Love who
deseribed the cable loop system now in use in the transmission of radio
programs over telephone lines for the three national networks. An in-
teresting discussion followed and was participated in by several of the
forty-four members and guests in attendance. The audience examined
the equipment used for demonstration purposes after the close of the
meeting.

Los ANGELES SECTION

Mr. I, €. Schreiber, chairman, presided at a meeting held on June
21 of the Los Angeles Section held at the Mayfair Hotel.

A paper on “Standard Frequeney Equipment, Their Types and
Uses” was presented by W. L. Burnett of Rynerson and Burnett.

The author spoke chiefly of frequency measurements using a fre-
quency standard consisting of a 50-kilocycle piezo eleetric oscillator
and suitable multivibrators to obtain frequency-steps of 1,000 kilo-
cycles, 100 kiloeyeles and 10 kiloeyceles. A final multivibrator permits
the operation of a 100-cycle synchronous clock for checking against a
standard of time.

The piezo clectric oscillator is contained in a temperature control
oven giving a high degree of temperature stability.
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By using the double heterodyne method the author stated it is
possible to check the frequencies of the transmitters in the broadenst
speetrum to within a fraction of a eyele,

Forty-one members and guests attended the meeting and fourteen
were present at the informal dinner which preceded it

PIrrrsBurGH SEcrIoN

The Pittsburgh Secetion held @ meeting on February 16 at the Fort
Pitt Hotel with J. G, Allen presiding.

. Williamson of the Physies Department of Carnegie Institute ot
Technology presented a paper on “Wave Forms of a Tube Oscillator
and of Musical Notes™ which covered the practieal design of audio
oscillators. The paper dealt with an explanation of what constituted a
sine wave and why such was necessary in the design of oscillators for
laboratory work. As a practical demonstration illustrating the points
of the paper, an oscillator designed according to them was operated
with an oscillograph to show how nearly the ideal had been reached.

The meeting was attended by forty-one members und guests,
number of whom participated in the discussion of the paper.

The March meeting of the Pittshurgh Seetion was held on the 22d
at the Fort Pitt Hotel and the presiding oflicer was J. G Allen, chair-
man,

“The Use of Carrier Telephones on the Bell System” was the sub-
jeet covered by R.T. Griffith, transmission engineer of the Bell Tele-
phone Company of Pennsylvania. The paper proved to be an interest-
ing and comprehensive discussion of the progress of carrier communica-
tion. At its conclusion, some general motion pictures of the radio
activities of the Bell system were shown. -

The attendunee totaled thirty-six.

J.GoAllen presided ot the May 17 meeting of the Pittsburgh See-
tion held at the Fort Pitt Hotel. This was the annual dinner meeting ut
which the clection of officers for the following vear was held. In this
election, R. T, Griflith of the Bell Telephone Company of Pennsyl-
vania was cleeted chairman, J. G, MeKinley of the West Penn Power
Company beeame viee chairman, and C. K. Krause of the Duquesne
Light Company was eleeted seeretary-treasurer.,

No formal paper was presented at this meeting and after a general
discussion on current radio developments which was participated in by
practically all of the twenty-six members and guests in attendance,
the meeting was adjourned.
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SaN FrANCISCO SECTION

The annual meeting of the San Francisco Section was held on June
15 at the Bellevue Hotel with R. M. Heintz, chairman, presiding

Prior to the presentation of the paper, the election of officers for the
following vear was held. The new chairman is C. V. Litton; the vice
chairman, A. R. Rice of the Navy Department: and the secretary-
treasurer. K. G. Clark of the office of the Supervisor of Radio

The paper of the evening on “Present Status of Television” was
presented by A. H. Brolly, chief engineer of Television Lahoratories
At the conelusion of the talk, the meeting adjourned to the Television
Laboratories where a demonstration of the Farnsworth system was
put on for the benefit of those present

The meeting was attended hy one hundred and five members and
guests of whom twenty-two were present at the informal dinner which
preceded it

SEATTLE SECTION

The Seattle Section held a meeting on May 26 at Guggenheim
Hall with chairman L. \ustin presiding.

A paper on “Acousties” was presented by J. A. Johnson, an engineer
with Electrical Research Products, Inc.

Prior to the delivery of the paper, a sound picture entitled “Prin-
ciples of Acoustics” by H. Fletcher was shown.

The meeting was attended by fifty-five members and zuests, a num-
ber of whom participated in the discussion which followed the presenta-
tion of the paper.

The June meeting of the Seattle Section was held on the ninth at
Guggenheim Hall, chairman L. . Austin presiding.

Two papers were presented at this meeting. The first on “Variable
Frequency Modulation” was presented by Earl Scott and the second
was on “Special Application of Pentodes as Amplifiers.” This was pre-
sented by Ronald Boyles.

A number of the seventy-eight members and guests in attendance
participated in the discussion of these papers.

WASHINGTON SECTION

A meeting of the Washington Section was held on June 9, 1932, in
the Kennedy-Warren Building, H. G. Dorsey vice chairman, pre-
siding.

IR
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A paper on “Design, Production and Inspection of Commercial
Broadcast Superheterodyne Radio Receivers” was presented by . k.
Brigham, Chief Engineer, Brandes Laboratories, Inc.

The speaker ably discussed the manner in which the design, en-
gineering development, production, and inspection of a modern com-
mercial broadecast superheterodyne radio receiver was undertaken hy
the manufacturer.

A general discussion followed and was participated in by a number
of the forty members and guests in attendance, of whom twenty-two
were present at the informal dinner which preceded the meeting.

Personal Mention

E. H. 1. Lee has been transferred from New York to Detroit as
U. S. Supervisor of Radio.

Formerly with His Master’s Voice Company in Montreal, W. G.
Robinson has become a radio enginecer for Erie Resistor of Canada at
Toronto.

Major L. B. Bender of the Signal Corps, USA, has been transferred
from Washington, D.C., to Fort Hayes, Columbus, Ohio.

Previously with the Technidyne (‘orporation Jacob Yolles has
joined the License Division of the Radio Corporation of America in
New York.

M. C. Batsel has been transferred from the RCA Photophone Com-
pany in New York to the RCA Victor plant in Camden, N.J.

J. E. Brown, Assistant U. S. Supervisor of Radio, has been trans-
ferred from Detroit, Michigan, to the New York City office.

Lieutenant W. P. Cogswell, USN, has been transferred from the
Naval Air Station at Anacostia to the U.S.S. Lexington for sea duty.

I'ormerly vice president and European technical director of the
International Standard Electric Corporation at London, G. Deakin
has become technical director in charge of manufacturing and labora-

tory companies of the International Telephone and Telegraph Corpora-
tion at New York City.

Lieutenant J. B. Dow, USN, has been transferred to sea duty on
the U.S.S. Utah from the Bureau of Engineering in Washington, D.C.
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Captain N. H. Ides has been transferred from Canada to “A”
Corps Signals at Aldershot, Iingland.

Lieutenant Commander C. R. Holden, USN| has been transferred
from the U.S.S. Arizona to the U.S.S. Tennessee.

Commander C. H. Maddox, USN, has been transferred from Wash-
ington, D.C. to the [7.S.S. Sall Lake City.

Commander B. V. McCandlish, formerly Commander of the U. S.
Naval War College at Newport, R.I. has been transferred to Naval
Communications, Washington, D.C".

Formerly with the Columbia Pictures Corporation, D. I'. Miller has
become research engineer for Universal Pictures Corporation, Uni-
versal City, Calif.

Lieutenant G. B. Myers, USN, has been transferred from the U.S.
Naval War College at Newport, R.I. to District CCommunications
Office at Great Lakes, 111

Previously with RCA Photophone, M. O. Smith has joined the
engineering staff of the National Broadcasting Company at San I'ran-
cisco.

H. J. Tyzzer has become chief engineer of Pilot Radio and Tube
Company of Lawrence, Mass.

Previously with Dubilier Condenser Corporation, G. J. Uzmann
has joined the enginecring staff of P. R. Mallory at New York City.

G. 5. Webster has joined the engineering staff of the National
Broadeasting Company of Chicago.

Formerly with Wired Radio, A. C. Wooldridge has become an engi-
neer for American Radio News.
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Proceedings of the Instilute of Radio Engineers
Volume 20, N umber & August, 1932

TECHNICAL PAPERS

RECENT TRENDS IN RECEIVING TUBE DESIGN®

By
J. C. WarnNER, 1. W. Rrrrer, axno D, F. Scumir
y y

(Research and Development Laboratory, RCA Radiotron Company, Harrison, N. }.)

Summary—This paper gives a brief summary of the important steps in receiv-
ing tube design over the past ten years. The significance of new forms of grids and in
particular the suppressor grid are discussed. C'haracteristics of new radio-frequency
tubes conlaining suppressor grids are shouwn. [mprovements in cathode and grid
designs are illustrated by the characteristics of a new triode as well as two triple-grid
tubes. A new tube for class B audio amplification ts described together with a mercury
vapor rectifier for supplying power to the class B amplifier.

o YHE functions of the vacuum tubes in a modern broadcast re-
ceiver are fundamentally much the sume as in the tubes used in
the receivers of ten and even fifteen years ago. Even at that time

there were tubes which functioned as radio and audio amplifiers, as
oscillators, as detectors, and as power output tubes. The same functions
appear today with little variation. In fact the all-important reason for
the use of tubes has not changed—the controlling of a power output
which is greater than the power expended in the controlling action

The advances in vacuum tube engineering and the multiplicity of
modern types therefore are not due to the introduction of new fune-
tions but rather to the improvement of the functioning to meet the
varied requirements of the numerous modern radio applications and
to the development of new principles of tube design which have im-
proved the functioning of tubes in these various applications. A brief
summary of the outstanding steps of progress over the past ten years
will serve to illustrate.

The first broadeast receivers depended upon a 6-volt storage bat-
tery for filament supply, and two types of tubes, or in many cases even
one, the UV-201, served to fulfill all of the necessary receiving tube
applications. In the light of present-day practice such tubes and their
applications seem extremely crude. A transconductance of 300 mi-
cromhos was considered reasonably good and the output was so badly
distorted that additional distortion due to the combination of uncer-

* Decimal c[assiﬁcat,ion: R330. Original manuseript received by the Insti-
tute, April 29, 1932. Presented before Twentieth Anniversary Convention, Pitts-
burgh, Pa., April 8, 1932.
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tain transformer design with the absence of grid bias was hardly
noticed.

The first marked improvement in tubes for broadcast receivers re-
sulted from the change from the pure tungsten filament to a coated fila-
ment or a thoriated tungsten filament. Tubes which could operate on
dry batteries were made possible by the use of these filaments (WD-
11 and UV-199) and in the case of the UV-201 the change to the thori-
ated filament resulted in a 75 per cent decrease in filamnent power to-
gether with nearly a 100 per cent increase in transconductance.

Next came a realization that new tube designs would be needed to
give the increasing undistorted output demanded for satisfactory
operation of loud speakers. The first of these tubes was the UX-120,
soon followed by the UX-171. Both of these tubes had amplification
factors of about 3 and the unusually (for that day) high bias of 22 1/2
to 40 volts was required to give ample grid swing without drawing grid
current.

The next important advance was in the design of tubes for alter-
nating-current operation. The low voltage filument type of tube, UX-
226, came into use for amplifier service, and the indirectly heated
cathode type of tube, UY-227, for detector use. However, the advan-
tages of the latter type soon led to its superseding the filament type.

Coincident with the development of the alternating-current type
of tube was the application of the screen-grid principle, mainly for
radio-frequency amplification resulting first in the 222 for battery sets
followed by the 224 for alternating current. This brought about the
elimination of troublesome regeneration and resulted in much higher
gain per stage. The usual practice in receiver design then was to use
screen-grid tubes in the radio-frequency stages, and triodes in the de-
tector and first audio stages with a 171-A in the output stage, and
these three types of tubes satisfied practically all of the needs of the
set designer.

The perpetual demand for more power output soon left the 171-A far
behind and the 245, with an output of 1.6 watts, came into use, first
singly and then in push-pull circuits. This satisfied for a time but was
later overshadowed by the advent of the output pentode, 247, with
its 2.5 watts output. Here the increase in output was gained not by an
increase in the size of the tube or an increase in its operating voltages
but by a change in the fundamental design.

At this time the home receiver was receiving the major part of the
attention of both set and tube engineers. The possibilities of expanding
the battery receiver and automobile receiver fields focused attention
on new tubes for these applications and led to two complete new lines
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of tubes, the 2-volt dry battery tubes and the 6-volt heater-cathode
automobile tubes.

One of the disadvantages of the ordinary screen-grid tube was the
limited grid swing which could be accommodated. This resulted in ex-
cessive distortion and cross-modulation when high signal voltages were
applied to radio-frequency stages, and made a satisfactory volume con-
trol extremely difficult. In an outstanding contribution to tube en-
gineering, Ballantine and Snow! eliminated these troubles by the de-
velopment of the “yvariable-mu” type of tube. In its screen-grid form
(235 and 551) this tube has come into almost universal use in alternat-
ing-current home receivers. More recently the variable-mu automo-
bile and 2-volt (239 and 234) tubes have been developed.

Altogether the developments summarized have resulted in a total
of about 25 distinet types of tubes all of which are to some extent in
use today although only about 15 types are in active use in modern
set designs. In addition there are another dozen or more of minor varia-
tions which have had a limited use.

This great multiplicity of types is often thought of as an unde-
sirable state of affairs which should be corrected by a gradual reduc-
tion in types much as has been done in other fields, notably with in-
candescent lamps. It must be remembered however that radio tube
standardization faces a particularly difficult problem in the diversity
of power sourees in the three major fields of application combined with
a certain degree of difference in the standards of performance as well.
Furthermore, radio receiver engineering is still in a state of change and
so long as there continue to he new types of ecircuits and new circuit
requirements, together with new kinds of tube characteristics, it must
be expeeted that new tubes will continue to emerge from laboratory
and factory to contribute their part in the advance of the radio art as
a whole.

Tie SurPrESSOR GRID

Many advances in tubes have been closely related to new grids of
one sorl or another or to new ways of using grids. Iixamples are the
sereen-grid and the nonuniform grid employed in the variable-mu tube,
and recently the suppressor grid is playing a major part in tube de-
sign. The purpose of the suppressor grid in the output pentode is well
known. More recently the suppressor grid has been used in radio-
frequency tubes.? The advantages of this use are several. The screen

1 Ballantine and Snow, “Reduction of distortion and cross-talk in radio

receivers by means of variable-mu tetrodes,” Proc. LRI, vol. 18, p. 2102;
December, (1930).

2 Io. W. Ritter, “The r-f pentode,” Elecclronics, January, p. 10, (1932).
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voltage may be set at the best value without reference to the plate
voltage. The plate voltage swing is independent of the relation he-
tween plate and screen voltages and so may be made much larger than
in the ordinary sereen-grid tetrode. Secondary emission currents from
screen to plate or plate to screen are substantially eliminated, thus
straightening out the characteristics and also eliminating that part of
the total tube hiss which in the ordinary screen-grid tube originates in
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the secondary emission current from sereen to plate. Last, the plate
resistance is greatly increased, which is particularly important in a
variable-mu type of tube where the nonuniform control grid tends to
lower the plate resistance.

The advantages of the suppressor grid, together with other design
improvements, have been utilized in two new tube designs, one having
a sharp cut-off like the 224 and the other a variable-mu like the 235 or
551. Figs. 1 and 2 show a comparison of the usual characteristic curves
of the 224 and the new triple-grid tube, RCA-57, and Tigs. 3 and 4 give
comparisons of static characteristies and transconductance of the 235




Warner, Ritter, and Schmit: Receiving Tube De sign 1253

and the RCA-58. The effect of the suppressor grid on the shape of the
curves is self-evident. The higher transconductance of the newer types
is due to improvements in the design of the cathode and the control
erid.

CoNTROL OF CUHARACTERISTICS BY MEANS OF THI SUPPRESSOR Grin

In the output pentode and also in the first radio-frequency pentode
with suppressor (239) the suppressor is connected internally to the
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cathode. In the 57 and 58 the lead to the suppressor is brought out to
a sixth pin on the base. It therefore becomes possible to utilize this grid
as an additional control element. In the older use of the pentode with
the suppressor at the same potential as the cathode there is negligible
space charge between sereen and suppressor. However, if the suppres-
sor voltage is made sufficiently negative, space charge will build up be-
tween these two grids and the characteristicsof the tube approach those
of a triode with the suppressor as a control grid. The regular control
grid then loses much of its transconductance with respect to the plate
current; i.c., the voltage gain falls off, and at the same time the plate
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resistance falls to a low value since with space charge between sereen
and suppressor the plate can draw electrons through the suppressor
alone more easily than through all three grids. Figs. 5 and 6 show this
type of control on the transconductance and plate resistance of the 58,
and the possibilities of utilizing this feature in the control of gain and
fidelity are considerable. Other circuit possibilities making use of the
sixth element dre evident but have not yet been fully developed.

i —

Fig. 8
SHIELDING DESIGNS
The internal shielding design utilized in the 57 and 58 is consider-
ably different from the design employed in the 224 and the total plate-
to-ground capacitance has been noticeably reduced. Also the plate-to-

screen capacitance has been reduced so as to improve the operation on
short waves. Fig. 7 shows the 57 mechanical design in comparison
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with the 224. The external shielding must of course conform to the re-
quirements of the internal design and the comparative capacitances
are shown by the following tabulation. Iig. 8 shows the three shielding
methods used in obtaining the measurements on the 57.

TABLE 1
224 57
No 1 shield | No. 2 shield | No. 3 shield
Grid-plate capacitance 0.00% 0.00% 0.008 0.0045
Input capacitance | 5.5 1.6 4.6 4.6
Output capacitance 11.5 7.5 | 8.8 | 8.5

CATHODE BEFFICIENCY

For a number of years the cathodes of alternating-current tubes
have operated at 2.5 volts and 1.75 amperes. Improvements in design
have made possible a reduction of 40 per eent in this current without
any harmful effect on tube characteristics. The two radio-frequency
pentodes already mentioned contain 2.5-volt, l-ampere cat hodes, and
an additional example is the RCA-56 triode.

Fig. 9

This tube is somewhat similar to the 227 but due to the new cathode
and grid design the transconductance has been considerably increased.
The amplification factor is 14 compared with 9 for the 227. Plate re-
sistances are about the same for both tubes.

The smaller structure of the 56 is shown by comparison with the
227 in Fig. 9 and the characteristics are compared in Iig. 10.
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IMpPrOVEMENTS IN QuTtpuT TUBES

Throughout the entire development of broadcast reception there
has been an almost continuous demand for more and more power out-
put. The earlier output tubes were of course simple triodes and these
were made in increasing size until with the 250 design it became ap-
parent that the point had been reached where the high cost of the tube
and its power supply seriously limited the use of the tube. The out-
put pentode resulted in an increased efficiency with lower grid swing
but brought in other difficulties in the way of high production of odd
harmonics and the requirement of a high load impedance.
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Recently the so-called class B or “positive grid swing” system? of
amplification has been receiving more and more attention? and is com-
ing into use in broadcast receivers.

This system is analogous to the use of class B radio-frequency
stages in broadeast transmitters. For example, a 5-kw transmitter may
be used as the exciting stage for a 50-kw, class I3 output stage. This
analogy brings out one important point—the control circuit of the class
B stage requires an appreciable amount of driving power. Thisisan un-
common requirement in receiving circuits and necessitates an entirely
new transformer design.

¢ I.LR.E. Standards, No. 7202, p. 71, (1931).
* .. E. Barton, “High audio power from relatively small tubes,” Proc.
[LR.E.,, vol. 18, p. 1131; July, (1931).
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A class B amplifier tube operates with its control-grid bias ad-
justed to give approximate cut-off of plate current. Plate current
flows essentially only during the positive half-cycle of the exciting volt-
age. In a radio-frequency stage the harmonics are eliminated by the
usual tank cireuit but in an audio amplifier it is necessary to use two
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tubes, each one supplying an approximate half sine wave to the output
circuit.

s A

One of the essentials of a good class B amplifier tube is that the
grid-voltage, plate-current characteristic should be as steep as possible
and should have a sharp cut-off. It is further desirable to have a uni-
form load on the driving circuit and, naturally, as light a load as possi-

:l.

I—
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ble. All of these requirements lead to a design of tube which will operate
at zero bias and of course have a high amplification factor. It has been
suggested by L. E. Barton that the high-mu and sharp cut-off can best
be obtained by the use of two grids, one inside the other, and con-
nected together to form the control electrode. In a flat structure this
gives an improved cut-off, and for a given amplification factor requires
less grid current than a closely-wound single grid.

In reducing the grid current to a low value the possibilities of
utilizing secondary emission from the grid naturally come to mind and
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it is possible to gain considerable reduction in grid power by this means.
However, the rapid change in secondary emission during the life of the
tube and the difficulty of producing uniform secondary emission make
this method uncertain and unreliable at the present time.

Fig. 11 shows a tube which has been designed to give an output of
over 20 watts per pair when driven to full output. Statie plate char-
acteristics are shown in Fig. 12, and dvnamic transfer characteristics
in Fig. 13.

Perhaps the greatest advantage of the class B system 1s due to its
high plate efficiency. This is important not so much in the saving of
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power consuniption in the receiver but in the design of the tube itzelf
The following table gives comparative figures on a tvpical class A tri-
ode, @ pentode, and the elass B tubes

I'\BLE 11
245 247 46 (pair)

Ep volts 250 250 100
Ip milliamperes 34 32 116
Input watts 8.5 5.0 46.0
Output watta 1.6 2.0 20.0
Per cent plate etheiency (full output 18.8 28.8 3.5

(1,2 output 9.4 156.6 | 30.5

(1,10 output) 1.9 3.1 13.1

It inay be said that a comparison of the 47 at 250 volts with the 46
at 400 volts is unfair to the former, but it must be remembered that
they are similar in plate area and bulb size. In class B operation as
the signal voltage increases the plate dissipation also increases while in
class A operation the plate dissipation decreases s the signal increases.
Therefore, class A amplifier tubes must be designed to dissipate the
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Fig. 14—Average plate characteristies. Class A operation.

maximum power continuously because of comparatively long periods of
zero or low signal input. Since maximum output is required only when
the modulation nears 100 per cent, the average plate dissipation of
class BB tubes is very low when compared to that required by class A
tubes designed to deliver the same peak output. An example may be
used to illustrate this. Assuming a pentode design, which will deliver
a peak output of 20 watts, the plate structure and bulb must be de-
signed to be capable of dissipating about 60 watts continuously or 30
watts per tube when push-pull is employed. This necessarily requires
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tubes to operate at high plate voltages in order to keep within reason-
able limits in filament design. High plate voltages require an expensive
rectifier system as well as an expensive tube. When class B tubes are
employed relatively lower plate voltages may be used, reducing the cost
of the tube and power pack. The average power delivered by an am-
plifier when used on broadecast reception is very low compared to the
peak power when the modulation reaches 100 per cent. Measurements
on average broadcast reception indicate that the average audio input
voltage may be only 20 per cent of that required for peak output. When
using class B tubes capable of delivering 20 watts peak power, the
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average power output will then be 0.8 watt. The average plate dissipa-
tion will be 5.2 watts per tube as compared to 30 watts per tube for a
similar class A amplifier.

As mentioned before the 46 tubes have two grids which have been
brought out to separate grid terminals on the base. This was done to
allow the application of this tube as a driver for the output stage. By
connecting the second grid to the plate, the tube can be operated as a
class A amplifier at a plate voltage of 250 volts with a control bias of
33 volts. The characteristics of the tube used in this way are ilistrated
in Fig. 14.

By selecting the proper input transformer various tubes may be
used as drivers. For moderate outputs of 5 to 6 watts a single 56 may
be employed: for outputs of 12 watts two 96 tubes may be used in
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push-pull with 300 volts on the output stage. By increasing the plate
voltage on the output tubes, the output can be increased to 18 watts.
To obtain 20 watts or more, a 46 tube may be used to drive the two 46
tubes operated at 400 volts as indicated in Iig. 15. The circuit condi-
tions are shown on the illustration.

Powrkr SuprrLy For (Crass B StaGE

The fact that the direct-current load on the rectifier is not constant
but varies with the signal on the class I3 stage introduces new problems
in rectifier design. Too high regulation tends to produce bad regenera-
tion effects in the receiver, and also seriously limits the output of the
output stage. This leads naturally to a consideration of the possibilities

Fig. 16

of using a mercury vapor rectifier instead of the high vacuum tubes
such as the 80. The characteristies of mercury vapor rectifiers are well
known and they have come into almost universal use in modern trans-
mitters.? Their use in reccivers has been held back by their well-known
tendency to produce highly damped high-frequency oscillatons which
feed back into the radio-frequency stages of the receiver and produce
serious noise disturbances. However, the use of simple high-frequency
filters combined with modern methods of shielding have made the use
of the tube perfectly feasible, and the mercury tube has become an
essential part of the alternating-current class B system.

I'ig. 16 shows a mercury vapor tube designed for receiver service,
and I'ig. 17 a static curve of the 80 in comparison with the mercury
vapor tube.

 ©Steiner & Mager, “Hot-cathode mercury-vapor reetifier tubes,” Pioc.
I.R.IE, vol. 1K, p. 67; January, (1930).

I—
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In addition to the advantages of low regulation the inherently high
efficiency of the mercury vapor tube is of some advantage and permits
the use of a smaller bulb than is necessary for a high vacuum tube of the
same current rating. In fact the high efficiency of the mercury tube and
class B amplifier, together with the reduced power consumption and
small size of the other tubes deseribed, contribute considerably to the
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_ aim of the modern receiver designer in producing a design which will oc-
cupy small space, require moderate power consumption, and still have
the best possible performance characteristics.

(foxcLusioN .

In conclusion the writers wish to acknowledge the valuable assis-
ance of Messrs. T. M. Shrader and J. M. Stinchfield in the prepara-
tion of this paper. Mr. Shrader is responsible for many of the design
features of the tubes deseribed, and Mr. Stinchfield has supplied much

of the information on the performance of the tubes under operating
conditions.
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ANALYSIS AND REDUCTION OF OUTPUT DISTURBANCES
RESULTING FROM THE ALTERNATING-CURRENT
OPERATION OF THE HEATERS OF INDIRECTLY
HEATED CATHODE TRIODES*

By
J. O. McNaLLy

(Bell Telephone Laboratories, Inc., New York City)

Summary—This paper discusses the disturbance currents in the output cir-
cuiats of indirectly heated cathode triodes, introduced by the use of alternating current
in the heaters. It indicates that the disturbance currents are introduced into the output
circuit by (1) the electric field of the heater, (2) the magnelic field of the heater current,
and (3) the resistance between heater and grid and between heater and plate, and the
capacilance between heater and grid and heater and plate.

The outputs due to the clectric field between cathode and plate are produced by
the “grid” action of the heater and heater leads. The frequency of the output is chiefly
that of the heater supply. The outpuls are shown (o be effectively reduced by clectro-
statically shielding the healer.

Disturbance currents of the frequency of the heater supply, and of double this
[requency are shown to be produced by the magnetic field. The double-frequency com-
ponent is shoun experimentally to be proportional to the square of the heater cur-
rent. The following means of reducing the magnelic field are discussed: (1) the adop-
lion of a healer geomelry which prodiuces a smaller field in the space between the
cathode and the plate, (2) the use of a magnetic shicld around the heater system, and
(3) the use of a lower current, higher voltuge healer.

The ways in which disturbance currents are introduced by leakage resistances
and capacitances between heater and grid and heater and plate are indicaled, and
experimental verificalion is given for Lhe case of resistance between the grid and heater.

Use has been made of this disturbance current analysis in the development of
an extremely low disturbance outpul tube, which is described.

' 1H s advantages to be obtained by operating the cathodes of
the vacuum tubes in radio receiving equipment, public address
systems, and talking motion picture reproduction systems

directly from alternating-current lighting circuits have long been

recognized. The use of alternating current for heating the cathodes
produces objectionable disturbance currents of the frequencies of
the power supply and its harmonics in the output of the amplifying
system. These currents enter the system by induction bhetween cireuit
elements and directly through the vacuum tubes. It has heen found
practicable to reduce the disturbance currents produced through eir-

* Decimal classification: R161.5 Original manuseript received by the Insti-
tute, April 29, 1932. Presented before Twenticth Anniversary Convention,
Pittsburgh, Pa., April 8, 1932.
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cuit coupling to any desired level by suitable arrangement of the eir-
cuit elements and adequate shielding. The disturbance currents origi-
nating in the tube have not heen reduced to as low levels as required
in some audio-frequency amplifying systems.

Prior to the time when the indirectly heated eathode type of tube
became available, operation of the cathode on alternating current was
necessarily restricted to the filamentary type of tube. By proper selee-
tion of filament voltage and current and by the adoption of cerfain
operating conditions for these tubes it was possible to obtain balaneing
actions which could be made to reduce the disturbance currents in the
outputs by very appreciable amounts.! The conditions necessary for
the best degree of balance vary from tube to tube and are fairly critical
with circuit variations, with the result that the optimum conditions
of operation are infrequently obtained in the usual circuit. Because of
the amount of disturbance introduced, even the best practical design
in the filamentary types of tubes does not permit the satisfactory
use of alternating current where amplification from relatively low
levels is required.

The introduction of the indirectly heated cathode into the vacuumn
triode made immediately possible a further extension of the direct
use of alternating current as the source of the cathode energy. A heater
and cathode unit consisting of a hairpin of tungsten wire mounted in a
cylindrical insulator of magnesia or its equivalent, with a tightly
fitting nickel slceve surrounding the insulator upon which is deposited
the active cathode material, has been generally standardized in triodes
for broadeast radio receiver use. The heater element of such a tube can
be operated on alternating current in radio-frequency stages without
the introduction of fundamental and higher frequeney disturbance
currents from the heater supply. However, its use in audio-frequency
circuits of flat frequency characteristic down to thaf of the heater
supply is, in general, limited to circuits with gain of the order of 50 dby
following the first tube operated on alternating current. If such a tube
employing alternating current for the heater supply is used in ampli-
fiers with flat frequency characteristies of appreciably greater gain,
disturbances from the heater supply are too great to be tolerated.

The amplifying units of sound recording and reproducing systems
have over-all gains of the order of 100 db. With a svstem having this
amount of gain, it is possible to use alte rnating-current supply in
heating the cathodes of all tubes only by a sacrifice in the frequency
characteristic of the amplifier helow approximately 150 cycles or by

the toleration in the output of a high level of extraneous noise arising
! See bibliography, item 8.
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from the heater disturbance currents in the tubes of the earlier stages.

The advantages of using alternating current for cathode supply in
high quality sound reproduction amplifiers as well as in public address
systems, radio broadeast speech input equipment, and other high gain
audio-frequency amplifiers, made desirable the study of heater dis-
turbance current levels and an investigation of means of sufficiently
reducing them to permit the use of alternating-current heating on all
tubes in such systems. In order to make alternating-current cathode
heating generally applicable, its disturbances in the plate circuit of the
first tube should be of the same order of magnitude as that of resistance
and thermionic emission noises. Alternating-current heating could then
be applied to any amplifier whose gain was not limited by these funda-
mental noise sources.

TUBE UNDER TEST
CIRCUIT
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Fig. 1 Schematic diagram of disturbance current measuring circuit.

MiASURING JOQUIPMENT

As a first step in these studies, aparatus was assembled in which the
outputs of the frequency of the heater eurrent and its harmonics could
be measured separately. The tube, whose disturbance current is to be
measured, is placed in a cireuit indicated in Fig. 1 as the “tube under
test” eireuit. The output from the tube is fed through switeh S into
the variable attenuator and hence to the resistance coupled amplifier.,
The output of this amplifier is appliecd to the input of the harmonic
analyzer which permits the separation and measurement of the funda-
mental and harmonies of the frequency supplying the cathode power.
The analyzer was designed for frequencies between 50 and 350 eyeles
per sccond. The frequency of the alternating current used for the
cathode supply was approximately 60 eyeles per second. The sensi-
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tivity of the apparatus was such that a readily readable output was
obtained from the analyzer with a current 120 db below 1.0 milli-
ampere (107% ampere) flowing through a resistance of 600 ochms in the
input of the resistance coupled amplifier. In order to evaluate the
analyzer readings, a standard oscillator is provided, the known output
of which may be fed through the attenuator and amplifier and into
the analyzer.

It will be noted that the tube under test obtains its heater power
from a transformer, suitable voltage control being obtained by taps
and rheostats in the secondary side. The two resistances, ) and R,,
shown connected in series across the heater are two 100-ohm decade
resistance boxes. Their common point is connected to the common
point of the grid and plate circuits. By keeping the sum of the two
resistances a constant, a potentiometer is provided by which the
cathode can be connected to any potential point along the heater cir-
cuit. The position of the common point of the two resistances is indi-
cated by the ratio a /b where «a is the resistance between the common
point and one side of the heater arbitrarily selected and b is the total
resistance of the potentiometer. With a/b either zero or unity, one
side of the heater is connected directly to the cathode and the other
side varies in potential with respect to the cathode by an amount equal
to the heater voltage. With a/b equal to 0.5 the heater is effectively
connected to the cathode at its center point and the two heater leads
vary in potential with respect to the cathode by equal amounts in
opposite phase. In the shunt feed plate circuit the reactance of the
choke coil is high and that of the blocking condenser is low compared
to the load resistances used. A variable load resistance, R, has been
provided and a resistance mounting with a switch, for short-circuiting
when desired, has been placed in the grid cireuit. )

In the assembly of this apparatus in order to prevent pick-up, the
heater circuit was separated from the rest of the tube under test cir-
cuit by placing each circuit in a copper lined box. To prevent inductive
pick-up it was found necessary to place the heater transformer at a
distance of several feet from the choke coil in the plate circuit of the
tube under test.

The amplifier preceding the harmonie analyzer contained three
resistance coupled stages, resistance coupling being used to eliminate
the possibility of interference entering through the iron-core coils
otherwise necessary. In the harmonic analyzer three tuned circuits
discriminate against the unwanted frequencies and the necessary gain
is obtained by two shield-grid tubes. A direct-current meter in the
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plate circuit of a triode operating near the point of plate current cut-off
gives a measure of the output. It was found to be necessary to enclose
the coil in the first tuned circuit within a magnetic shield in order to
reduce sufficiently the interference experienced with other apparatus
in operation in and near the laboratory.

Checks were made to note that the modulation in the amplifier
was sufficiently small so as not to produce errors in the amounts of
harmonies measured. Careful checks were also made to show con-
clusively that no disturbance currents were being introduced through
parts of the circuit other than in the tube itself. In one test the heater
of the tube under test was operated on direet current and the outputs
of 60 and 120 cyeles per second were found to be practically zero. With
the heater still operating on direct current, the heater transformer
supplied current to a dummy heater in the form of a short length of
resistance wire placed as near as possible to the heater terminals of the
tube socket; the output of the analyzer continued to remain at zero

DisturBaNcE CURRENTS IN QUTPUT OF TrRiODES
wiTh STannparnd HairpiNn HEATER

"The curves of Fig. 2 exhibit typical results of measurements of the
fundamental and second harmonic disturbance current outputs as a
function of the position of the cathode-heater common point (the
/b ratio) for tubes having an indirectly heated cathode of the usual
type of hairpin heater. The measurements were taken with the tubes
operating under normal conditions. The plate potential is 135 volts,
the grid potential is —6.0 volts and the average plate current is 5.0
milliamperes. The heater voltage is 2.0 volts and the heater current is
1.6 amperes. The measurements were made with a load resistance equal
to the plate registance of the tube and with one or two hundred ohms
resigtance in the grid eireuit. The outputs of fundame ntal and second
harmonic disturbanee currents are expressed in decibels below one
milliampere. Here 80 db below 1.0 milliampere indieates an output
ripple of approximately 1.0 millivolt; 100 db be low 1.0 milliampere
corresponds o approximately 0.1 millivolt. It will be noted that in
most cases the output of fundamental frequeney varies with changesin
the ratio a/b. Although the minunum level does not oceur as regularly
al a/bequal to 0.5 as has been observed in fubes having the filamentary
type of cathode, there is a general similarity in the rolation. The level

of seeond harmonic ougput is unchanged by variations in a/b. Measure-
ments were also made of the third and fourth harmonic output eurrents.

The level of the third harmonie generated in the tube was so low thal
it was masked by the presence of third harmonie in the power supply
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120 db below 1.0 milliampere represented an upper limit for the fourth
harmonic output.

Measurements were made of disturbance current outputs as a
function of the plate potential, grid potential, and of the impedance
into which the tube operates. It was found over a considerable range
of these parameters that the magnitude of the disturbance currents
was proportional to the amplification obtained in the stage and was
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Fig. 2—Disturbance currents in typical indirectly heated cathode
triodes used for radio reception.

independent of these operating parameters except as they affect the
amount of the stage amplification. The level of the disturbance cur-

rents is affected materially by the value of resistance in the grid cir-
cuit as will be shown later.

SoUuRrCE oF DISTURBANCE C'URRENT PICK-UP

It may be shown that the disturbance currents are introduced into
the output circuit by:

1. Electric field of the heater

2. Magnetic field of the heater current
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3 Resistance between heater and grid and hetween heater and
plate, and capacitance between heater and grid, and between
heater and plate.

Di1sTurRBANCE CURRENTS PrRODUCED BY THE
Euierric Fieup oF THE HEATER

The electric field of the heater element in the space between the
eathode and anode will affect the electron current to the plate in pre-
ciscly the same manner as does the electric field of the control grid
It is to be expected, therefore, that a disturbance current will be found
in the plate circuit which is due to the grid action of the heater ele-
ment.

With one point of the heater circuit connected to the cathode, the
electric field of the heater at each point in the cathode-anode space will
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Fig. 3—Disturbance currents in indirectly heated cathode triodes having shields
to reduce the electric field of the heater in the cathode-plate space.

be the sum of the fields due to each segment of the heater element. As
the common point of the heater and cathode is shifted along the re-
sistance across the heater, the value of the field will change. It would
be expected when the common point was located at the symmetry
mid-point of the heater circuit that the electric field would have its
minimum value.

An examination of the disturbance currents in the output circuit
as the common point of the heater and. cathode is shifted along the
resistance across the heater bears out, in a general way, this expecta-
tion. Results on typical standard tubes given in Fig. 2 show that the
magnitude of the 60-cycle current in the output circuif does vary with
the position of the common point. A definite minimum is shown in

e
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most cases. Since in the tubes under test the 60-cycle disturbance cur-
rent is due to factors in addition to the electric field, the expected
characteristic variation of the disturbance eurrent due to shift of the
common point is masked to varying degrees in the different tubes.

It should be possible to eliminate substantially the electric field of
the heater in the cathode-anode space by adequate shielding of the
heater circuit. The nickel sleeve upon which the active material of the
cathode is placed acts as such a shield for a portion of the heater cir-
cuit. Experimental tubes were constructed in which further shielding
was provided. This shielding was made so complete that the electric
field of the heater in the cathode-anode space should bhe substantially
zero. The results of disturbance current measurements of six such
tubes are shown in Fig. 3. In these tubes there is no variation in the
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Fig. 4—Circuit for the study of the electrostatic effect in the presence of large
disturbance outputs due to the magnetic field.

60-cycle current as the position of the common point is shifted. It,
therefore, seems reasonable to conclude that the disturbance currents
due to the electric field are substantially eliminated.

The disturbance currents in these specially shielded tubes were due
mainly to the magnetic effect of the heater current. In order to get a
somewhat better indication of the adequacy of the shielding, an ex-
periment was performed in which the magnetic effect of the heater
current was eliminated. The cathode was heated by direct current and
a variable alternating voltage was applied between the heater and cath-
ode. The circuit arrangement is shown in Fig. 4. In this experiment
the electric field of the heater was different from that when the heater
was operated on alternating current. In this case the entire heater
circuit was, of course, at one alternating potential with respect to the
cathode. However, the adequacy of shielding can well be tested in this
manner. In Fig. 5 are given such measurements on the shielded tubes
of Fig. 3 and on unshielded tubes that are similar to them in all resects



(39

MeNally: Reduction of Output Disturbances 1271

except for the shielding. 1t will be seen that the shielding has reduced

the level of the 60-evele disturbanee current by approximately 40 db.
In our diseussion of the eleetrie field disturbanee current we have so

far limited ourselves to the 60-cyele eurrent. It will be noted that in the
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Fig. 5—Disturbance current measurements on shielded and unshielded
tubes with the circuit of Fig. 4.

data of Fig. 5, second harmonic disturbance currents are presented and
that their absolute value is shifted approximately 30 db by the shield-
ing. While the data given for typical tubes in Fig. 2 do not indicate
any variation in the second harmonic current with the position of the
common point, we have observed a number of cases of standard heater
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type tubes where such a variation was present. The evidence from such
standard tubes, as well as the data given in Fig. 5, indicates clearly
that second harmonic disturbance currents may be due to the electrie
field effect. The presence of such second harmonic currents is to be
expected from fundamental considerations. The grid action of the
heater circuit varies in a nonlinear way as the effective voltage of the
heater system is changed with respect to the cathode. This nonlinearity
of the grid action would be expected to produce second harmonic
components in precisely the same manner as they are produced in the
familiar case of x modulation with the standard control grid.

These experiments have indicated the presence of disturbance cur-
rents due to the electric field of the heater and have roughly estab-
lished their magnitude in the case of tubes of standard construction.
The substantial elimination of disturbance currents due to the electric
field of the heater by adequate shielding of the heater circuit in the
experimental tubes, has indicated a possible means of controlling the
level of disturbance currents due to the electric field of the heater in the
design of standard tubes.

DisturBANCE CURRENTS PRODUCED BY THE M AGNETIC
FieLp oF THE HEATER CURRENT

The magnetic field of the heater current in the space between the
cathode and anode will affect the electron current to the plate. The
electrons will be deflected by the magnetic field according to the
magnetic field force relations.? The deflection of electrons by this field
causes a double-frequency change in the electron space charge con-
dition which results in a second harmonic component of disturbance
current in the anode circuit. Due to asymmetries in the space charge
system, the two changes in space charge per cycle of the heater current
are not equal. The inequality in the two changes will produce a dis-
turbance current in the plate circuit of the same frequency as that of
the heater current.

In order to observe the effect of the magnetic field on the dis-
turbance current output, experimental tubes were constructed with the
cathode arrangement shown in Fig. 6. In this arrangement a hairpin
heater of the usual type is mounted in a two-hole insulator. A platinum
cylinder is placed over the outside of the insulator and is welded to the
upper end of the hairpin heater. An electrical connection from the
bottom end of this cylinder is made through a lead wire in the press.
A second cylindrical insulator fits tightly over the platinum eylinder
and the nickel sleeve coated with the thermionieally active material

2 See bibliography, item 10.
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is placed on the outside of this insulator. The cathode unit is mounted
in a structure having electrical characteristics and electrostatic shields
identical with those of the group from which the data of Fig. 3 were
taken.

The cathode can be heated to an operating temperature by two
different heater systems. In the first system, voltage is applied across
the terminals of the hairpin and the platinum cylinder plays no part as
a heater unit. In the second system, the two terminals of the hairpin
are connected together and the heater voltage is applied across the

|  OUTER SINGLE
HOLE INSULATOR

| COATED NICKEL
SLEEVE

PLATINUM__|
CYLINDER

HAIRPIN HEATER

INNER TWO
HOLE INSULATOR

/%
v

Fig. 6

Experimental heater arrangement for the
study of the magnetic effect.

eylinder in series with the two heater legs connected in parallel. Plati-
num was used in the current cylinder, since it was the most convenient
metal that would withstand the necessary temperatures during pump-
ing. The computed magnetie field intensity in the space hetween the
cathode and anode for the second system is approximately one-fourth
of that of the first. Due to the fact the platinum cylinder was formed
from sheets of insufficient width, the eylinder was not complete, and
the field, therefore, was not reduced by the computed amount.

The disturbance current outputs for a number of such tubes were
measured with both heater systems and the current, due to the electric
field was found to be substantially climinated by the electrostatic
shield. The fundamental output is produeed by assymmetries that arc
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random and no exact relation between the magnetie field and the
fundamental is predictable. In the tubes measured, the fundamental
deereased a maxinmum of 22 db and inereased in one tube as much as
9.5 db in changing from the first to the second heater system. Similar
measurements made on the second harmonic output indicated a de
crease in level in all tubes ranging from 11 to 15.5 db. If the current
cyvlinder had been complete, the reduetion would have been approxi-
mately 22 db.

4
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Fig. 7 Second harmonic output disturbance current produced by the magnetic
field as a function of the alternating-current component in the heater.
I'rom fundamental considerations it is expected that the second

harmonie current would be proportional to the square of the magnetic

field. An experimental verification of this square law has bheen ob-

tained. The heater of one of the tubes, from which the data of Iig. 3

were obtained, having a cathode sheath and an electrostatie shield,

was operated on a combination of alternating and dircet current.

The alternating-current component was varied from the normal
heater current of 1.6 amperes to approximately 0.2 ampere. The direet-
current component was adjusted so that at each point the total effec-
tive heater eurrent was 1.6 amperes. In Fig. 7 the second harmonie
disturbance current in the output cireuit is plotted as a function of the
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alternating component of the heater current. It will be observed that
on the log-log coordinate system the points fall along a straight line
whose slope is approximately two.

It is evident that in order to reduce the disturbance currents duc
to the magnetic field of the heater current it is necessary to reduce
the magnetic field. Three general methods for this reduction suggest
themselves.

1. The selection of a heater element of such geometry that the
magnetic field in the space between cathode and anode is de-
creased.

2. The placing of a magnetic shield around the heater system.

3. Obtaining the necessary heating power for the cathode with a
higher voltage and lower current heater unit.

The simplest form of heater is a single wire coaxial with the cathode
cylinder. The magnetic field at the surface of the cathode is inversely
proportional to the radius of the cathode cylinder. To decrease the
magnetic field of such a heater the radius of the cathode is increased.
For a given cathode area an increase in its radius necessitates a cor-
responding decrease in its length. Heat losses from conduction at the
two ends and uniformity of cathode temperature determine the maxi-
mum practicable diameter. Some flexibility in design is permitted by
spiraling the heater. Kmploying a spiral diameter sufficiently small
compared to that of the cathode, the field at the cathode surface is
substantially the same as that due to a straight conductor in the axis
of the eylinder. The optimum practicable heater of this type offers less
possibility in the reduction of the magnetic field than any of the other
heater arrangements considered.

The hairpin type heater is probably the simplest form in which
partial neutralization of magnetic ficld is obtained by the form given
to the heater. In this unit the magnetie field produced by one leg is
neutralized in part by that of the other leg. In this type of heater the
maximum field at the surface of the cathode is proportional toc/(r*—c?),
where ¢ is one-half the distance hetween the legs of the heater wires,
and ris the cathode radius. As ¢ is deereased and r increased, the mag-
netic field is reduced. The mechanical difficulties in making the twin-
bore insulator and increased tendency for its fusion as ¢ is decreased
place definite limits on this dimension. The same considerations hold
in determining the optimum value of r that hold in the single-wire
heater. IFor the low voltage heaters commonly used in radio receiving
tubes the optimum arrangement results in a reduetion in second
harmonic outpuf, due to the magnetic effect of approximately 10 db
over that obtained with the optimum single coaxial heater. The tubes
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on whieh data were givenin Fig. 2 have s haarpin heater corresponding
approximately to this optimum design

A heater composed of two concentrie conductors enrrying the sune
current in opposite directions will give substantiully no mugnetie field
at the surfuce of the cathode. This ideal heater eun be upproschied i
closely wound spiral with a single wire return in its axis. T'wo xpirals
of the same diameter with their windings interlaced also give n very
small magnetic field at the surfuee of the cathode Expertmental tubes
having heaters of optimum practicable design of these two types hnve
been made The results obtained indieated some improvement in the
second harmonie output produced hy the magnetic field over levels
noted in comparable hairpin heater structure. The improvement was of
the order of 15 db. There are serious manufacturing and quality control
dithculties with such heater units

The magnetice field in the space between eathode wnd unode for the
hairpin type of heater ean be reduced by surrounding the heater unit
with a magnetic shicld. Considernble portions of the shield must oper
ate at a temperuture of approximately 750 degrees Co It is necessary
to find a material which will maintuin a high permeability at thas
temperature. Nickel loses its magnetic properties at approximately
340 degrees C and iron loses its magnetic properties at approximately
700 degrees (' "T'he magnetic properties of cobalt ure satisfuctory at
750 degrees C, but it is difficult to work cobalt down to the required
dimensions. An alloy of rron and cobalt that would maintam u high
permeability st a temperature well in exeess of the operating tempera
ture of the cathode was prepared

Experimental tubes with heaters of the hairpin type and having
a magnetie shicld of this material pliced bhetween the insulntor and
the cathode nickel sleeve were construeted. The second hurmonic dis-
turbance current due to the magnetie field was upproximately 20 db
less 1o tubes with the magnetie shield than in identieal tubes with no
shield

The mugnetic ficld 1s proportional to the henter current. A redue-
tionan magnetic hield ean, therefore, he obtuined by the use of a4 heater
in whieh the eurrent component of the power is simull and the voltage
component correspondingly large. Halving the heater current and
retaining the same heater nnd cathode geometry reduces the second
harmonic magnetic component to one-fourth or by approximately
12 db.

An nerease in heater voltage ruises the level of the eleetrie field
comnponents of disturbanee current This must be taken into sceount
in the consideration of heater unit design
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Heater cireuit voltages are introdueed into the grnd eireuit and
imto the plate eirenit through resistance and capacitance hetween the
heater and eneh of these elements X eireuit diagram s shown in Fig
Q4 which indieates the cireuit paths For simpheity. one side of the
heater is shown conneeted to the eathode and the resistances and
eapacitanees from the heater to the other elements are connected to
the opposite side of the heater The grid-heater cirewmt is shown sche-
maticallvin Fig Sh. The heater voltageas indheated as a generator from
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Fig. 8 Diagrams of disturbance current circuits between heater and
grid and heater and plate.

which enrrent flows through the grid circuit impedance, Z,, and
through the resistance in parallel with the capacitance between the
erid and the heater. The voltage drop across Z, is applied directly
across the grid and cathode so that this voltage amplified will appear
in the plate circuit.

The plate-heater circuit is shown schematically in Fig. Sc. The
heater voltage is again shown as a generator. It will be noted that in
this circuit Z, is in parallel with the output resistance of the tube, R,,
and that the disturbance voltage is not amplified.

In the usual case the heater will be connected to the cathode at
some point other than the end, which makes it necessary to consider
two driving voltages and two sets of resistances and capacitances be-
tween heater and grid and plate.
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An experimental tube was constructed with extremely high insula-
tion and the capacitance between grid and heater was made negligible
by bringing the grid lead out of the top of the tube and by having no
grid support in the stem press. A resistance of 1000 ohms was placed
in the grid circuit and resistances varying in value from 30,000 ohms
to 90 megohms were connected from one side of the heater to the grid.
The cathode was connected to the opposite side of the heater. Funda-
mental output disturbance currents were measured for the different
values of grid-heater resistance. The results of these measurements are
given in Fig. 9. This current was also computed from the relation

EyZ, M
L + Za [{p + Z_")
It will be seen that the experimental points lie substantially on the

computed line which give concrete experimental verification of the
circuit relations indicated in Fig. 8.
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Fig. 9—Fundamental disturbance output current as a function of
the grid-to-heater resistance.

A Tuse WITH EXTREMELY Low LeveL oF DisTURBANCE
CURRENTs iN THE Qutrrr CIRCUIT

These studies of disturbance currents produced in the output ecir-
cuit by alternating current in the heater element have been used as a
background for the design of a tube with a sufficiently low level of dis-
turbance currents in the output circuit to be satisfactory for use in all
voice frequency amplifying systems.

In order to get the required low level of the disturbance currents
due to the magnetic field, a low current, high voltage heater was
adopted. This heater is a fine wire wound as a close spiral and shaped
in the form of a hairpin. It is mounted in a twin bore insulator. The
voltage across the heater is 10 volts and current is 0.3 ampere.

To obtain sufficiently low disturbance currents due to the electric
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field, substantially complete shielding of the heater cirenit from the
glass press to the top of the hairpin ix employed. This shielding is ob-
tained by suitable extensions of each end of the eathode evlinder. The
shielding arrangement ean be seenin the photograph, Fig. 10

The eapacitance between the heater and grid s materially de-
ereased by the complete shielding of the heater system above the press,
and by making the connection for the grid through the top of the bulb.
No grid support wires enter the stem press, the grid being supported

\ LAVITE
INSULATING
// BLOCKS

_ELECTROSTATIC
SHIELD

Fig. 10-—No. 262A mount and completed tube.

at top and bottom by the lavite insulators shown in Fig. 10. The lead
through the top of the bulb is terminated in a cap as is common prac-
tice with the control grid in shield-grid tubes. The direct grid-to-heater
capacitance has been reduced to approximately 1/1000 of the value
common in indirectly heated cathode tubes used in radio reception.
No special precautions have been necessary in reducing the heater-to-
plate capacity, although some reduction is effected by the heater
shielding. This capacity is approximately 1.0 uuf.

The electrostatic shield covering the heater leads effectively pre-
vents the deposit of metal vaporized during the pumping process, and
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of material vaporized from the cathode during life, from forming a
leakage path on the stem press between plate and heater leads. With
the tube elements at operating temperature, the resistance between
heater and plate is maintained at a value greater than 100 megohms.
With the grid removed entirely from the stem press, the insulation
between grid and heater is considerably greater than 100,000 megohms.
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Fig. 11— Electrical characteristics of the No. 262A tube.

When 2.0 megohms are inserted and taken out of the grid circuit,
with the cathode connected to the mid-point of the heater circuit, the
average change in fundamental output for a representative number of
tubes is less than 1.0 db. For the same cathode-to-heater connection
the corresponding increase in fundamental output was 25 db for similar
tubes in which the grid lead was taken through the stem to the usual
prongin a standard five prong base.

The electrical characteristics of the tube are given in Fig. 11. The
tube is normally used with a plate potential of 135 volts and a grid
bias of —4.5 volts. Under these conditions the plate current is 3.0
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milliamperes, the output impedance 15,000 ohms, and the amplifica-
tion factor 15. The tube is satisfactory for use with a plate potential of
180 volts and a plate current of 10.0 milliamperes. The tube has been
given the Western Electric code number 262A. The mount and the
completed tube are shown in Fig. 10. Distribution curves of dis-
turbance currents in the output for typical tubes under normal con-
ditions of operation are shown in Fig. 12. The input resistance used
here is less than 100 ohms. These data indicate that for a/b=0.5, the
level of fundamental disturbance current for all tubes is lower than 95
db below 1.0 milliampere (0.27 millivolt), and the level of second
harmonic disturbance current for all tubes is lower than 105 db below
1.0 milliampere (0.084 millivolt).
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Fig. 12~ -Distribution of disturbance output currents in a representative number
of No. 262A tubes picked at random.

The level of output noise from sources other than the alternating-
current heater is of interest. The noise level was measured for repre-
sentative tubes in a voice frequency amplifier of flat frequency char-
acteristic. The heater was operated on direct current. With an input
registance of less than 100 ohms, the noise level in the output circuit
varies between 118 and 127 db below 1.0 milliampere. This noise is
principally duc to the shot effeet from the cathode. With 2 megohms
in the grid circuit, the noise level in the output circuit is approximately
105 db below 1.0 milliampere. This noise is substantially all due to the
resistance noise of the grid eireuit.

In order to obtain a sufficiently high resistance between grid and
cathode and grid and plate, and to maintain this value throughout life,
special lavite blocks at the two ends are used for mounting the tube
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elements. These blocks are shown in Fig. 10. They are so designed
that there is not a coniinuous path between any two of the tube ele-
ments on the side of the blocks facing the tube elements. This makes i
impossible to obtain leakage paths from vaporized metal or material
from the cathode.

It is essential that a tube for use in the first stages of a high gain
voice frequency amplifier have the Jlowest microphonic response char-
acteristic possible. In applications which subject the tube to mechani-
cal shock, with even the best possible cushioning and shielding, miero-
phonic disturbance currents may be introduced. Every precaution has
been taken in the detailed mechanical design of this tube to make
microphonic pick-up a minimum. The top and bottom insulators es-
sential to the maintenance of high resistance have been a material
structural aid in reducing mierophonie noise levels.

Equipment has been developed in which tubes can be given repro-
ducible mechanical shocks and the microphonic noise currents in the
output circuit measured.® In this measuring apparatus the micro-
phonic output levels from the No. 262A tube are approximately 20 db
lower than from the standard 2.0-volt heater type of tube for radio
reception and approximately 10 db better than specially designed
filamentary tubes for low microphonic noise level, such as the Western
Eleetrie No. 261A tube.
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MODERN RADIO EQUIPMENT FOR AIR MAIL
AND TRANSPORT USE*

By

A. P. BEreskorr anp C. G. Fick
(Radio Engineering Department, General Electric Company, Schenectady, New York) |

Summary—The general requirements for aircraft radio equipment for air mail }
and transport use are discussed. This is followed by a discussion of the factors which
were constdered in the design of an atreraft radio telephone and telegraph equipment. |
A description is then given of the mechanical and electrical features of a specific |
equipmendt. 1

N THE course of the last four years, during which aviation radio |

has developed along with our aviation systems, the requirements

for aireraft radio transmitting apparatus have been pretty well
established.

Some operating companies have built their communication sys-
tems around radiotelephone operation from plane-to-ground and
ground-to-plane while others have selected cw telegraph communica-
tion for their systems. The conditions governing the choice of the
most suitable system are many and varied. Of these, the most im-
portant are the length of the flicht or the distance between route
radio stations, the terrain, weather, and transmission and reception
conditions.

For radiotelephone operation, two general classes of equipment,
are being used. One of these classes provides a 50-watt carrier, and
the other provides a 10- to 15-watt carrier. Both have provisions for
complete telephone modulation.

Where cw telegraphy is chosen for the communications system, the
circumstances mainly governing its choice are that communication
distances required are so great that to provide sufficient, radiotelephone
power would result in an impractical weight, size, and power drain for
the equipment, and also that the average atmospherics and transmis-
sion conditions are such as to male telephone communication well-nigh
impossible.

The general power output requirements for ew telegraph systems
have been found to be from 10 to 20 watts. This amount of power in
telegraph operation has provided regular plane-to-ground communiea-
tion of several hundred miles even under the most adverse conditions.

* Decimal classification: R326. Original manuseript received by the Insti-

tute, March 24, 1932. Presented before Twentieth Anniv rsary Convention,
Pittsburgh, Pa., April 8, 1932. ¢ Y
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The chief advantages of the cw telegraph system are the small size,
light weight, and low power drain of the equipment, while the chief
disadvantage of the system is the relative inconvenience of communi-
cation by telegraphic code. In some systems, the radio communication
by cw telegraph is carried on as one of the duties of the copilot, while
in others, a radio operator is carried. In the latter instance, it has been
argued that the total equipment weight including an operator and a
small ew equipment provides such excellence and reliability of service
that it is fully justified.

Having stated the very general requirements for the three classes of
aireraft radio equipments, it is now planned to discuss the design of one
type equipment, namely, a radiotelephone transmitter equipment for
air mail and transport use. The important factors which must be con-
sidered in the design of such an equipment will be discussed, and finally
there will be given a description of a specific equipment, the General
Electric type RT-76-A, which has been brought out for the airmail and
transport service.

In the design of aireraft radio equipment, the fundamental require-
ments to be considered are:

(a) Low weight with sufficient ruggedness to stand hard service.

(b) Small dimensions.

(¢) Low power drain.

(d) Ability to operate into various types of antennas.

(e) Capability of emergency operation.

(f) Simplicity of adjustment and operation.

(g) Accessibility of construction to allow rapid servicing.

(h) Conservative operation of the circuit elements to insure low

maintenance costs.

(i) Low initial investment cost for the equipment and installation.

Of first importance in the design of the transmitter is the sclection
of vacuum tubes. Since the power output desired was at least 50 watts,
the UV-211 tube was chosen. This tube is nominally rated at 100 watts
output so that by its use, a considerable amount of overload capacity
was available. Also the UV-211 tube has proved its reliability and rug-
gedness in many other branches of radio service, and accordingly its
use in aircraft scemed entirely justified.

The selection of the UV-211 type tube predicates the use of 1000
volts direet current for plate supply. This plate supply can be obtained
from a number of sources namely:

(a) Wind-driven direct-current generator with constant speed pro-

peller.

(b) Kngine-driven direct-current generator.
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(¢) Dynamotor operating from the airplane’s 12-volt storage bat-
tery.

(d)  Alternating-current generator, driven by a self-regulating pro-
pellor or by the airplane engine. The alternating current is
generated at low voltage and is stepped up and rectified by the
conventional circuits.

Of the possibilities for obtaining the vacuum tube plate supply, the
dynamotor has found most general use. Its advantages are mainly that
it is independent of the airplane engines, it is not required to be mounted
in the air stream where it would increase the parasitic drag, and since
it 1s not dependent on the motion of the airplane or its engines, it pro-
vides emergency operation together with the possibility of easily
checking the radio equipment’s operation before the take-off. The dy-
namotor’s chief disadvantage is of course, the fact that it causes a
heavy drain on the aircraft storage battery, necessitating that the bat-
tery be continuously charging from a low voltage generator attached
to the airplane engine.

Of the other two direct-current machine possibilities, the engine-
driven generator is perhaps more generally used. With ecither the
engine-driven or wind-driven generators there is of course, no possi-
bility of emergeney operation when the airplane is down, and checking
of the radio equipment operation before the take-off is relatively diffi-
cult.

The use of alternating current with rectification and filtering has
been discussed in a previous paper presented before the Institute.! This
type of operation, although possessing certain advantages, is not find-
ing very wide use in the commercial field.

The General Electric RT-76-A transmitter has been designed pri-
marily for dynamotor operation although it ecan by slight modification
be adapted to operation from an engine-driven direct-current generator.

In selecting a radio-frequency power amplifier circuit for the trans-
mitter, there were three possible methods of obtaining the required
output and modulation capabilities. They were:

(a) Class B power amplifier requiring modulated radio-frequency

input.

(b) Grid bias modulated amplifier.

(¢) Class C power amplifier requiring plate modulation.

The class BB power amplifier circuit has been deseribed elsewhere.?
The main advantage of this type cireuit is thaf by its use, modulation
can be accomplished at a power level lower than the output. This re-

1 Minel-, Proc. I.LR.E., vol. 19, pp. 59-77; January, (1931).
* Fay, Proc. .LR.E,, vol. 20, pp. 54%-569; Mareh, (1932).
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sults in the use of smaller tubes and lower filament and plate drain for
the modulators, a very important consideration in the design. The dis-
advantages in the use of class B power amplification, however, out-
number the advantages. In Ilig. 1 is shown the typical operation of a
UV-211 as a class B amplifier. Although a peak power of 200 watts is
possible, thus allowing the use of a 50-watt carrier output with 100
per cent modulation, it may be scen that some distortion would be in-
troduced by reason of the curvature of the characteristic at high modu-
lation. As a matter of fact, the UV-211 is rated at only 40 watts carrier

- Peok Oviput
200 watfs

2.0

Operating Femnt

/.0

Antenna Current (Fmperes) 16.6 ohm Antenna.

1 | | | 1 { 1 1 L
o 200 400 600 B8oo 1000

Plafe Voltage of Driving Stage.

Fig. I Typical operation of a UV-211 as a class B
amplifier. Drawing stage, UX-210.

output, for class B service. Thus, to provide at least a 50-watt carrier
plus provision for losses in the antenna tuning system, and provision
for overload capacity, two UV-211 tubes would have to be used in the
amplifier stage. A further disadvantage of class B operation is thal the
driving stage must, be completely modulated. This means that an inter-
mediate amplifier must, be ingerted in the tube line-up for the purpose,
since it would not be possible to generate the radio-frequency oscilla-
tions and produce complete modulation in a single stage. The introduc-
tion of an intermediate amplifier stage would require an additional
tuning control and space for its tuned circuit. Also, with the plate sup-
ply of 1000 volts available, the smaller tubes which eould be used in
the generation, intermediate, and modulator stages would all have to
he operated at lower voltage than the power amplifier. This would
necessitate the use of power wasting, voltage dropping resistors.
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The bias modulated power amplifier falls in practically the same
category as the class I3 amplifier in so far as its utility in the present
equipment is concerned. The bias modulated system does not require
the input radio-frequency excitation to be modulated, since modula-
tion is obtained by varying at an audio-frequency rate, the axis of a
constant input radio-frequency voltage instead of, as in the class B
system, maintaining a constant axis and supplying an amplitude modu-
lated radio-frequeney excitation. The elimination of the modulated
radio-frequency input requirement for bias modulation would allow
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Fig. 2—Typical operation of a UV-211 as a bias-modulated amplifier.

the intermediate stage to be dispensed with. The system is limited in
output capability in the same manner as the class B amplifier, and in
addition requires special preecautions in the design-of the modulator
circuit, sinee the load on the modulator varies considerably over the
audio-frequency cycle. Fig. 2 shows typical operation of the UV-211
tube in a bias modulated power amplifier circuit. Note particularly the
rapid change of grid current with bias voltage.

The class C type of power amplifier circuit was chosen for use in the
RT-76-A transmitter because of its obvious advantages over the other
systems mentioned. The UV-211 is rated at 100 watts output for class
C operation. Thus there is ample provision for a 50-watt earrier plus
antenna tuning system losses, plus considerable overload capacity
without operating the tube beyond its rating. Also the class C amplifier
is simplest in operation since it is not eritical to adjustments of bias
voltage, radio-frequency excitation, or power output loading.
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The consideration of a driver eireuit Trouglt forth tV e neetion of

whether a ervatal oscillator or master oseillator type of circuit <hould
| be used. With the ervstal oscillator, there was the possibility of at-

{aining a frequency stability of approximately 0.025 per cent. On the
other hand, there was the disadvantage of having to use the erystal
oscillator tube at a relatively low voltage, thus necessitating a power
wasting potentiometer for its low voltage plate supply. There was also
the necessity of introducing between the crystal oscillator tube and
power amplifier, an intermediate amplifier circuit eapable of doubling
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Fig. 3—Schematic diagram, RT-76-A transmitter.

the erystal frequency, since some of the output frequencies desired
were too high for practical fundamental frequency operation of the
crystals.

In order to provide a linear relationship between power amplifier
plate voltage and output load current up to a plate voltage of 2000
(the condition for complete modulation), the UV-211 tube requires a
driving power of from 5 to 10 watts. This amount of power would be
difficult to obtain from the frequency doubling stage without exceeding
the limits of conservative operation of the crystal and doubler stages.

The master oscillator type of circuit was selected for use, because
of its inherent simplicity and reliability. A UV-211 tube was used for
this purpose also, since it could be operated at the same plate voltage
as the power amplifier. Furthermore, the use of a lightly loaded, high
power master oscillator protects against frequency variation due to
antenna detuning, and against frequency modulation caused by vari-
ation of the power amplifier input impedance with modulation.
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In the design of the master oscillator circuit, a frequency stability
of at least 0.05 per cent was sought. This value, well within present-
day requirements, represents a stability which can be attained by
careful design. Master oscillators with better stabilities than the value
given above are of course possible, but the attendant complexities are
such as to eliminate their consideration in aireraft radio.

After the selection of the radio circuits, the modulator was next
considered. The class B type?® of modulator system is admirably suited

Frequency Fesponse db.
f

L 1 | { = L S L 4 | I U N N S

/1000
Frequency (C_yc/es)
Fig. 4+ Frequency response, RT-76-A transmitter.

to use in aircraft equipments because of the fact that it provides the
maximum power output for a given tube line-up, and also it has the
great advantage that no plate power is required unless modulation is
supplied.

Two UV-211 tubes were selected as modulators, and for a speech
amplifier to supply the necessary excitation, a single UX-841 was used.
The single stage of speech amplification was found to supply ample
grid voltage swing and driving power for the UV-211 modulators since
they were called upon to supply only approximately 50 watts of audio
power. The chief reasons for selection of the UXN-841 were the ease of
obtaining its bias, since it is a high amplification factor tube, and the
fact that its operating plate current, obtained from the 1000-volt sup-
ply through a dropping resistor, is low.

¢ Barton, Proc. LR.E,, vol. 19, pp. 1131-1150; July, (1931).
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The antenna tuning system was designed and built as a unit sepa-
rate from the transmitter, mainly for reasons of flexibility of operation,
and reduction of over-all transmitter dimensions. It was believed that
in certain aireraft installations where space is at a premium, it would
be considerably casier to locate and mount two smaller units than to
find space for a single large unit containing both the transmitter and
antenna tuning equipment.

Fig. 3 shows a schematie diagram of the circuits used in the RT-
76-A transmitting equipment. The tuned eireuits of the master oscil-

Fig. 5>—Front view of RT-76-A transmitter with tube shield
off and tuning unit out.

lator and power amplifier, together with the necessary radio-frequency
chokes, and antenna coupling inductance are mounted in a replaceable
tuning unit shown in Fig. 6. Two tuning units are included with each
equipment, one for the 3000-kilocycle band of aireraft frequencies, and
one for the 5000-kilocycle band. In addition to this, the design has
been carried out to the point that tuning units are available for any
frequencies in the band, 1500 to 6000 kilocycles.

Sufficient mutual inductance is provided for feeding antennas of
resistances as high as 16 ohms. The coupling to the power amplifier
tuned circuit is variable, and is controllable from the front panel of the
tuning unit.
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A “Send-Receive” relay is included in the transmitter unit. For
telephone operation, the relay is controlled by a push-switch located
on the microphone, while for cw operation, the “Send-Receive” switch
may be mounted on or conveniently near the transmitting key. In ad-
dition to turning the transmitter carrier on or off, the “Send-Receive”
relay transfers the antenna from transmitter to receiver and vice versa.
A set of contacts is also provided, which may be used for making the
receiver less sensitive when the transmitter carrier is on.

The transmitter is designed to be operated with the usual antinoise
carbon microphone. The output of the microphone required for com-

Fig. 6—Tuning unit for RT-76-A transmitter.

plete modulation of the transmitter is 0.25 volt. Fig. 4 shows the
over-all frequency response of the RT-76-A transmitter.

In practice, the transmitter may be located in any convenient posi-
tion in the airplane. When set on frequency, it does not have to be
touched, except for inspection or resetting to a different frequency.
Control of the transmitter is provided by the control box shown in the
complete equipment photograph, Fig. 7. This control box contains the
dynamotor “Start-Stop” switch with a telltale indicating lamp, and a
“cw-phone” switch. This latter switch, when in the “cw” position, cuts
out the modulators, and allows the transmitter to be operated for cw
telegraphy. For cw telegraphy, the carrier output power may be raised
to 75 watts without exceeding the rated input to the transmitter.

The power drain of the equipment when operating on telephone
with a 50-watt carrier output is:
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275 to 300 milliamperes at 1000 volts direct current
15 amperes at 12 volts direct current

Since the class I3 system of modulation is used, the total plate-
current drain varies with modulation. The above values are given for
average conditions. Assuming a dynamotor efficiency of 60 per cent,
the total drain for the complete equipment is approximately 54 am-
peres from the airplane’s 12-volt storage battery.

Fig. 8 shows the general appearance of the transmitter unit ready
for use, and Fig. 5, the same transmitier with the top shield of the
front panel removed to provide access to the tubes, and with the tuning
unit withdrawn from its compartment in the bottom section. It can be

Fig. 7—Complete aireraft transmitter equipment type RT-76-A.

scen from this picture that in general construction, this transmitter
consists of a rectangular skeleton frame made of chrome-molybdenum
steel tubing of the kind generally used for construction of the fuselage
structure in the majority of commercial airplancs. The front and rear
hottom tubes are extended heyond the confines of the transmitier to
afford convenient means for mounting the transmitter on conventional
shock absorbers of sponge rubber. The completed frame is cadmium
plated to protect it from corrosion. The center duralumin strip fastened
to the front of the frame affords support to some of the fixed cireuit
clements, and to the tube shelf. The remainder of the circuit elements
arc mounted on the vertical duralumin shield extending from top to
bottom of the transmitter unit, and separating it into front and rear
compartments.

The plug-in tuning unit is completely eneased by a shielding box.

s 8
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This permits storage of the unused tuning systems without danger of
damage to them, and also serves as a protection against dirt and dust
which might cause electrical breakdowns. The shielding box is readily
removable, exposing the circuit elements for inspection. As can be seen
from Fig. 6, the front of the tuning unit serves as a part of the trans-
mitter panel when in place.

Since all of the connections to the tuning unit are carried through
plugs which engage with the jack elements mounted in the transmitter,
the change in the frequency band is accomplished without changing a

Fig. s—Transmitter, type RT-76-A

single wire connection. Guides provided in the bottom of the com-
partment in which the tuning unit is inserted secure proper alignment
between the plug and jack elements, and add to the facility with which
a quick interchange of tuning units can be accomplished.

The circuit fuses used in the transmitter are easily replaceable
through the door in the left side of the transmitter, and the relay con-
tacts may be inspected through the door on the right side of the unit.

To mount the transmitter in an airplane, four especially designed
studs are provided. They are fastened permanently to the supporting
framework in the airplane, and need not be removed when the trans-
mitter is taken out for inspection or servicing. To do so, it is only nee-
essary to disconnect the antenna and ground leads, remove the two
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connection plugs, and free the rubber mounts by depressing the rubber
and throwing the retaining crossbars hinged in the ends of the studs
into vertical position. After this, the unit can be freely lifted out of its
place in the airplane.

The skeleton frame of the transmitter is enclosed on all sides by
quickly detachable aluminum shields, and as a result of this type of
construction, a complete accessibility of all parts is secured, making for
unusually eonvenient servicing of the unit. As can be seen from the
illustrations, the side shields have louvres and the top has overhanging
edges, concealing the space between the frame and the top. This ar-
rangement provides d@n adequate ventilation for internal parts of the
transmitter, and yet affords protection against splash or rain so that
the transmitter can be used in airplanes of the open cockpit type.

The cable outlets from all of the component units which this equip-
ment comprises are furnished with a length of flexible braided tubing,
electrically connected to the cases and grounded. This flexible braided
tubing makes it possible to arrange the interconnecting wires in
“Straight-line runs between the units and to enclose them in varying
lengths of aluminum tubing. The ends of the flexible tubes are slipped
over the aluminum tubing to provide an uninterrupted electrical
shielding harness over all of the wires.

The total weight of the equipment deseribed including the inter-
conneeting shielded wires, plugs, dynamotor, control and junction
hoxes, and the transmitter with antenna tuning unit is under 90
pounds. The weight of the transmitter unit itself is 37 pounds and its
over-all dimensions are 20} inches X173 inches by 8% inches.
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PLANNING THEE NBC STUDIOS FOR RADIO CITY*

By
O. BB. HaxsoxN

(National Broadcasting Company, Inc., New York City)

URING the past year much publicity has been given to Radio
D City so that the public is already informed in a general way

about this project and the aspirations of its founders. It is so
planned that when completed it will occupy three blocks, from Forty-
eighth to Fifty-first Streets, between Fifth and Sixth Avenues, New
York City, and will house an entertainment, musical, and radio broad-
cast center of unsurpassed size and grandeur, widely proclaimed
as Radio City because of the predominance of radio activities in the
center.

From time to time there have appeared in various periodicals, plot
plans and architectural renderings of the project, some of which are
included here, to refresh the memory of the reader. Fig. 1 is an archi-
tectural rendering of the project as a whole, as viewed from above
Fifty-first Street and Fifth Avenue, and clearly shows the relative
positions of the buildings.

This paper is chiefly concerned with the Central Tower Building,
seventy stories and 836 feet in height, designed to house the broadeast
studios and offices of the National Broadeasting Company. The archi-
tectural rendering of this building alone, as viewed from Forty-ninth
Street and Fifth Avenue, is shown in Fig. 2. Tt contains 1,978,000
square feet of rentable area. For convenience of reference it is referred
to on the architects plans as Building No. 1, or the Broadeast Build-
ing. Due to the large spans necessary in a building designed to house
broadeast studios it will be obvious that it is impractical to support
such a tower seventy stories high directly over the broadeast studios.
Therefore a section of the building devoted to studios has been de-
signed in the lower floors just back of the tower, a maximum height of
twelve stories. This is clearly evident in Ilig. 3, an agérial view of the
Broadeast Building from Sixth Avenue and Forty-eighth Street. By
reference to Fig. 4 it will be seen how the studios have been placed to
avoid interference with this mass of steel which supports the weight
of the tower, shown by the heavy columns. The tower section is pri-
marily the office section of the building and the NBC offices are to be

* Decimal classification: R612.1. Original manuscript received by the Insti-
tute, April 16, 1932. Presented before New York meeting, March 2, 1932.
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located on the lower floors (fourth to eighth), adjacent to the studio
section and served by the regular office elevators

In planning this project, it has been estimated that 27 studios, and
5 audition rooms and other appurtenant rooms will be required, and
that to house these studios and offices, approximately ;")()(),()()():square

Fig. 3

feet would be needed and approximately 370,000 required for the
studio seetion alone. In the designing of this layout, certain funda-
mental principles underlying the engineering and trafhic problems
of broadeast studios have been adhered to. They will not be enlarged
upon here, as they are covered in a previous paper by the writer.! The

1O, B 1anson and . M. Morris, “The design and construction of broad-
cast studios,” Proc, I.R.E. vol. 19, pp. 17-34; January, (1931).
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method of centralized control referred to in that paper has been ap-
plied to this project. In all previous studio layouts the studios were
located on a single floor so that it has been necessary to modify this
principle in its application here, for in this instance the studios are
located on three different levels; namely, the 4th, 7th, and 9th floors,
the whole project occupying from the 3rd to the 11th floors in the
studio section of Building No. 1. Fig. 5is a longitudinal cross section
through the building, showing the locations of the studio floors with
respect to each other and with respect to the main control room, the
latter being located on the 6th floor, sandwiched between the two
main studio floors.

It will be observed that all the studios on the 4th and 7th floors are
two stories in height and that on the 9th floor there is one studio
planned to be the largest in the world, which will be three stories in
height. By reference to Fig. 4, showing the fourth floor or lower
studio bank which is again duplicated on the seventh floor, it will
be observed that the studios are symmetrically placed and that the
entrances thereto open into a large foyer which provides the com-
munications for the artists, performers, and musicians. The main
lobby here and the main studio elevators occupy that part of the build-
ing which falls directly beneath the mass of the tower, as within this
area the steel is necessarily heavy and no large spans can be provided.
The building directly over the studios themselves is but twelve stories
in height.

Heretofore in designing studio layouts wherein the studios were all
on the same level, the engineers and production staff, together with
the control rooms and main control room have been centrally located
with the studios around them, and the artists’ approach to the studios
on their extreme outer side. In this project it was impossible to carry
out that scheme as the main approach to the studios was centrally
located itself. However, the plan has been carried out vertically rather
than horizontally. By reference again to Fig. 5, it will be noticed that
the central main control room, the main apparatus and equipment
room, power supply, and offices of the operating staff, production
staff, and traffic department have been centrally located on the sixth
floor. Ready access can be obtained from this floor to the three studio
floors by means of private elevators operated for the sole use of the
operating and production staffs. On each of the typical studio floors,
shown in Fig. 4, these elevators open into private corridors which com-
municate directly with the individual control and monitoring booths
of each studio. They are so laid out that at no time is it necessary for
any of the production staff to enter upon the communicating corridors
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and the lobbies provided exelusively for the artists, performers, and
musicians. [t will be further noted that artists and performers coming
from the main studio elevators can, at a glance, see the entrances to all
studios on the floor and that a point of control for each floor is placed
directly in front of the elevator lobby. The musicians and performers
thus have ready ingress and egress from one studio to another through
the main foyer, without crossing the communication corridors of the
engineering and production staffs.

It is anticipated from past experience in the handling of musicians
and guests that several thousand people will be present in this studio
block at the same time, and for this reason a serious traffic problem
must necessarily be solved in the planning of this layout.

A logical question no doubt arises as to why so many studios are
required for the operation of a dual network broadecast system such as
is now operated by the NBC when it is necessary to keep only two pro-
grams on the air simultaneously. Our statistics show that on the
average, four hours of rehearsal are required for every hour of actual
hroadeasting. This means that when one broadcast studio is on the air,
four others are being oceupied by rehearsals, and a sixth is in prepara-
tion for the following program. However, as productions vary in size
and type, a variety of different sized studios must Le provided to meet
adequately the needs of the various productions. Further, when dual
channel operation is encountered, a minimun of twelve studios must
be provided, a few extra being desirable in order to permit a choice of
gize to suit simultancous broadeasts. It is necessary to provide three
or four audition studios which are in continuous operation by the
program staff in their search for and selection of new talent. In our
present quarters at 711 Fifth Avenue there are nine studios and three
audition rooms, together with two small rooms used for the purpose of
monitoring outside pick-ups, out-of-town and foreign broadeasts, which
gives the equivalent in apparatus of a fourteen-studio layout for the
operation of two channels, and even under these circumstances, opera-
tions are hampered heeause of a lack of choice of proper sized studios to
fit all cases simultancously. In network broadeasting it is frequently
necessary 1o split networks and transmit four programs simultancously,
which further complicates the studio problem. With this explanation,
and allowing for the natural growth of the industry, it can be readily
appreciated that the 27 studios planned for Radio Gity are not too
numerous, as might appear at first,

In addition to the needs of musicians and performers, who will be
passing in and out of the building, it is planned to care for the clients
and the NBC's guests adequately. During the past decade, a consider-
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able proportion of the radio audience have visited the studios of
their local broadecast stations, and large numbers have visited the
studios of the NI3C' in the several cities in which we operate. This
is a natural interest and curiosity on the part of our listeners who
through their radio sets act as hosts in their homes to our artists and
performers, and it is only reasonable that they expect us to reciprocate,
and we therefore gladly welcome their visits to our studios. In Radio
City, considerable space is being provided for adequately receiving and
entertaining these visitors.

By reference to Fig. 5 it will be noticed that on floors 2, 5, 6, §,
and 10, public reception rooms and observation galleries are provided
in connection with practically every studio. In the larger studios, the
observation galleries are planned with theater seats so that the guests
may be comfortable while watching the progress of a broadeast pro-
duction. Fig. 6 shows a typical guest floor and the locations of these
observation galleries with respect to the studios. In nearly all cases
these observation galleries are separated from the studios by sound-
insulated transparent partitions but in some instances the galleries
are opened into the studios. It will be noticed also on this floor, which
is typical of the fifth and eighth, that a private observation room is
provided for the sponsor of a program and his staff of assistants,
critics, and guests. It will be noted also that every available inch of
space has been put to use and that the plan is dovetailed together in
a symmetrical manner, which indicates that the problem has been
thoroughly studied so that no space is wasted. As many of our guests
are naturally interested in the technical end of broadcasting, an ob-
servation room has been provided on the sixth floor, directly in front
of the main elevator lobby and separated from the main control room
by plate glass windows so that these visitors may see the technical
apparatus and the staff in operation.

In addition to the large studios shown on the fourth, seventh, and
ninth floors, there are a number of small studios on the ninth floor,
(Fig. 7), especially designed to handle speakers and small productions.
In view of the inereasing number of child artists a special reception
and lounge room has been provided for them on the ninth floor, to-
gether with a suitably arranged studio for children’s productions.
Studio 9-H, the largest studio of the group, has floor dimensions of
80130 feet, with an average ceiling height of 35 feet, and is equipped
with a balecony on the tenth floor which will seat some three hundred
visitors. The balconies in this case open into the studio. Studio 9-G,
on the ninth floor, is the second largest studio and is being constructed
for the presentation of dramatic and other productions, which require
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a stage and a local audience. If, and when, television reaches a point
where its operation is comparable to the making of motion pictures,

these two studios would prove invaluable because of the large floor

area available.
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On the tenth floor (I'ig. 8) there are provided four studios grouped
around a central control rocm for the purpose of arranging dramatic
productions for simple television broadeasting. The various scenes ean
be set up in these studios, arranged in proper sequence so that the
television camera or scanner located in the control room can be rotated
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and focused on any one of the four studios, in order. This group of
studios can also be uscd for the production of drama without vision,
wherein it is necessary to place the orchestra in one studio, the principal
actors in another, crowd scenes in another, and sound effects in the
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fourth, mixing these four pick-ups eleetrically in the common control
hooth to obtain the desired effeet. This set-up is not necessary in all
productions but it was felt that one such group should be provided
Lo handle certain complicated productions.
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Paramount in the design of all studios is the sound insulation, and
a system of soundproofing similar to that which has been used in the
New York and Chicago studios is planned, that is to say the wall
floors, and eeiling of each studio will be floated free from the building
structure. T'his will also apply in the case of control rooms und other
appurtenant rooms. Without such an insulating system it would be
impractical to build studios in steel buildings as the steel framework
provides an excellent transmission system for sound and mechanical
vibrations.

In the construction of broadeast studios in Kurope the engineers
have barred the use of steel framework in the sections of their build-
ings which are to house studios, because of the difliculty of sound con-
trol where steel is involved as a framework. The British and Germans
have both been eareful in this respect. In this country, however, the
problem is forced upon us and we cannot avoid it. 1t has been suc-
cessfully solved by complete isolation of each studio. With such con-
struction, sound attenuation of the order of 60 db, is readily obtain-
able, and as each studio is similarly isolated, an attenuation of 100 db
or more between studio units can be obtained. No suitable apparatus
is yet available that will measure accurately attenuation of this order
with sound levels normally attained in the studios.

Second in importanee to sound insulation is air conditioning, with-
out which windowless studios would be inoperative. The air condition-
ing plant designed for the N BC studios when complete will probably
be the largest and most complicated plant in the world and will cost
something like a million dollars. Obviously, special preeautions will
have to be taken with this air conditioning plant to prevent the trans-
mission of sound from one studio to another through ventilating duets
and the control of noise generated in the ventilating machinery itself.
Special streamline air supply outlets are being designed to reduce the
air rush in the studios, the total noise from the air conditioning to
be less than a sound level of plus 8 db. In some instances the air will
be completely changed in the studios eight times an hour. This calls
for the handling of large volumes of conditioned air, and complicates
the problem of noise from usir rush. Those familiar with air conditioning
plants involving refrigeration, dehumidifieation, cooling, individual
temperature, and air flow control, ete., will have an idea of the com-
plexity of this problem.

In addition to the foregoing, the problems of decoration to obtain
proper psychological effeet on the performers are being studied at the
present time together with the coordinating of this decoration with
the acoustical treatment of the studios. Inasmuch as this study is still
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i process, hittle can be waid regarding it in this pagwr It e planned,
however, to provide acoustical teeatment an such form that the tme
period of a studie may be vaned at the will of the atudie ataff by the
control of the mechanieal ops ration of acouetical units ‘rom 4 swatch.
board in the momtonng booth Tnanticipation of televiaon all of theee
ctudios will be electrieally shielded and provided wath cuitable ighting
facihities, to allununate sernery for the proper opemtion of toleviaon
cameras A~ we have not vet been confronted sath the actual ope mtion
of television on a hirge seale the exaet form which s«ome of these facihi-
ties will take s a matter of conjecture at thas tune

In this paper nothing has toen <ard about “he tochnieal apparatus
and the techmeal faailities provided from the microphone to the
hetener Vthough the elements of this svatem are an the planning now .
nothing of real value ean be offered concerming them at <his sume This
matter will form the haasfora future paper

In conclusion, the wnter wishes to v that the work alreads done
on this project is the onteome of more than a vear's efforts on the part
of the engimeenng <l of the NRO in evoperation with *he architects
and engineers of the Bockefeller Center We have reason to behieve
that our combaned efforts are sneevssfully handhing the problems as
they arise. and we look fornarnd to the completion of the project with
great enthuaasm
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Proceedings of the Institute of Radio Engincers
Volume 20, Number 8 August, 1932

INVESTIGATIONS ON GAS-FILLED CATHODE RAY TUBES*
By

MANFRED VON ARDENNE

(Berlin-Lichterfelde-Ost, Germany)

Summary—1In considering the f netion of initind concentration and ray focus-
ing it is found, for tubes using slow electrons (ip to 1000 volts), that both a Wehnelt
cylinder and a molecular concentrator are necessary. The action of molecular con-
centration has beew studied thoroughly, and the stctic relation between pressure,
bean current, and anode potentials are ex plained. The use of plate potentials higher
than about 5000 volts was found to be unsuitchle, Spectal phenomena accompanyjing
such concentration are taken up, tneluding the effcet of ionic oscillations and the
problem of lack of sharpuess with high-frequency deflections. A remedy for the former
was found in a grounded metallic outside coating, and for the latter an tmprovement
was found by filling with lght gas (hydrogen, helinm). The processes in the gas
space and the deflcetion of electrons were then investigzted. The various methods for
reducing sccondary tllumination are described. In conclusion, the reaction of the
Braun tube upon the circutl was taken wp and the avoidance of distortion and origin
displacements by means of ctreuil precautions are deseribed.

h

VHE conditions necessary for the formation of a very narrow
beam of cathode rays in oscillograph tubes with incandescent
cathodes have been studied. It is necessary to have initial con-

centration of the diverging rays at the cathode, and also concentration

of the stream of electrons along the entire path that they follow be-
tween cathode and sereen,

The initial concentration can be done in various ways: from the
practical viewpoint it can be done by using a supplementary dia-
phragm, or by an electrostatic method. The use of diaphragms has the
disadvantage of causing a large current loss, as only a small part of the
emitted electrons pass through, most of them being ¢aught by the di-
aphragm and thus must be considered as lost. In gas-filled tubes this
current loss has a minimum value that depends on the geometrie ar-
rangement of the electrodes and other factors. If potentials are se-
lected so that this minimum loss ix not exceeded, the arrangement is
ineffective in producing concentration of the ray of electrons passing
through the diaphragm. In order to cause preliminary concentration
in this manner it is therefore necessary to use high-powered anodes
and cathodes.

The other method of initial concentration, by eleetrostatic  fo-
cusing, as is done in the elassical form of the concave refleeting cathode

* Decimal ('lile“iﬁ('ii‘(i()lli R388. Original manuseript received by the Insti-
tute, October 14, 1931. Translation received by the Institute, April S, 1932,
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and in the Wehnelt eylinder, has the decided advantage that the
emission from the entire effeetive eathode surface is utilized, and
there is no additional loss in power beeause of captured eleetrons. This
is important because it makes simple apparatus possible and involves
no danger in connecting to the supply line. In order to show this effect
the paths of the streams of electrons have been made visible by gas
excitation in the accompanying illustrations. IMig. 1 shows, as an ex-
ample, an unconcentrated group of cathode rays such as is obtained
with a cathode consisting almost of a point, if there is no electrostatic
concentration. Any part of the cathode surface that emits somewhat
more strongly, produces a component group of cathode rays that

Fii. 1-—=Beam formation without a Wehnelt eylinder.

leaves the cathode in the normal direetion. The result is a cone of radi-
ation from which the anode sereens out and passes only the central
component rays. By using a concentric cylinder with a negative bias,
all components are foreed to the center, and the grouping can be im-
proved as desired, Fig. 2 shows a partial coneentration that is still in-
sufficient and is produced by a slightly negative bias. Fig. 3 shows
ideal focusing with a stronger bias, in which the entire primary stream
of rays passes through the orifice to the anode without a loss by sereen-
ing out. In gas-filled tubes with ineandescent cathodes, this method of
preliminary concentration has the advantage that the negative cylin-
der serves to attraet the ions, and thus it is possible to use higher anode
potentials without greatly reducing the life of the oxide surface on the
athode.

Preliminary conceentration between eathode and anode alone is not
sufficient. If no eoncentrating forees act later on the individual beams
in the group, there is a dispersion beeause of the mutual repulsive ac-




1312 von Ardenne: Gas-Filled Cathode Ray Tubes

tion of the negative charges. Beam concentration theoretically can take
place as a result of external agents, possibly an intense electric or mag-
netic field, or by spontaneous concentration of the beam electrons, as
can be observed with very high velocities or in the presence of gas
residues. External, coaxial, magnetic concentrating fields are generally
used with high tension oscillographs, especially since the work of Du-

Fia. 2—Electrostatic concentration with a weak bias.

four and Rogowski. Asis known, the concentrating coils in the cathode
ray of H. Busch! throws an optical picture of the cathode on the screen.
In low-tension oscillographs, the concentrating coil offers practically
no advantages; its operation cannot be explained without a certain
spontaneous concentration of an electrodynamic nature, and this is
vanishingly small at low potentials. Electrostatic fields can hardly be

Fic. 3—Electrostatic concentration with strong negative cylinder bias.

used to concentrate the beam. In long negatively charged cylinders the
cathode beams undergo a not inconsiderable breaking action.
Spontaneous concentration can take place with very high velocities
by electrodynamic attraction of the convection currents. In high-
tension oscillographs the beam is stable even at pressures? below 10~°
mm. With slow speed cathode rays (up to about 4000 volts)3 this effect

! H. Busch, Annalen der Physik, vol. 81, p. 974, (1926).

? See E. Sommerfeld, Arbeiten Inst. Aachen, vol. 3, p. 107, (1928).

3 Editorial note: The velocity of electrons due to potentials of these values
applied to the anode or other accelerating electrodes.
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is no longer sufficient since with these velocities there is mutual repul-
sion of the beam electrons and it is necessary to have a means of over-

" coming the space charge in the beam, such as that produced by the

(39

—

presence of gas residues* at a pressure of about 10=° mm.

Gas CONCENTRATION AND ITs LiMIiTs

The phenomenon of gas concentration is shown in Fig. 4. This
shows very slow electrons (200 volts)® in argon. We see plainly that the
beam, as hefore, is made up of individual component beams. Because
of the somewhat more divergent emission angle at the cathode, these
component beams are not exactly parallel in their subsequent paths,
and nodes and loops form. This phenomenon is rarely ohserved at

Fra. 4—200-volt beam in inert gas under 107>-mm pressure.

greater velocities. However, there is a certain natural lack of clearness
(a halo) at very low velocities, and if the pressure is decreased the beam
stops abruptly in the middle of the gas space.

The explanation of the gas concentration will be mentioned briefly.
Johnson* assumes that the inert positive ions, the final product of the
gas atoms ionized by electronic impact, remain in the beam path, while
the secondary electrons that are formed diffuse from it.

The following observations can be understood from this point of
view. At low pressures stronger primary beam currents are necessary,
and conversely. The beam velocity influences the concentration in a
complicated manner. With very low velocities (up to 300 volts)® (and
espeeially at the end of the beam) the primary energy is no longer suffi-
cient for ionization and the ionization stops. At very high anode poten-
tials (above about 1000 volts) the concentration of ions diminishes
greatly, so that the ions are foreed out of the beam path. The effect

4 See J. B. Johnson, Phys. Rev. vol. 17, p. 420, (1920}, and J Opt. S
Amer., vol. 6, p. 701, (IE;ZZ). & ) > o O 2o
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{entials in which, beeause of the projection of the ions from the beam
path, the coneentration is less. The available modulation range there-
fore becomes smaller and smaller.

According to the above relationships, the use of pure gas concen-
tration without external fields is reserved for low-tension tubes. The
maximum limit for the beam velocity depends to a very great extent
on the optional pressure of the gas. With hydrogen it is not far above
5000 volts and drops to about 4000 volts with argon.

ABNOGRMALITIES IN GAs (CONCENTRATION

On working with heated cathode ray tubes using the gas concen-
tration effect and anode potentials of some 1000 volts (constructed in
the author’s laboratory®) two phenomena which are noticed upon de-
fiecting the cathode ray deserve special mention. The effect is shown
in Fig. 6. These are ion oscillations. If the cathode ray, such as is used

Fi. 6—Line sereen disturbed by ion oscillations.

for example in making a line sereen in television, is allowed to pass over
the surface of the sereen so that the velocity in the direction of the lines
is 0 minimum of 100 m/sce., undesirable additional oscillations will
appear in the deflections as shown in Fig. 6. These interfering oseilla-
{ions can be reproduced as soon as the anode potential exceeds about
2000 volts. The frequency of the interfering oscillations is well-defined
and changes only slightly with the pressure or current strength. It is
of the order of magnitude of 50,000 eyeles. The direetion of the oseilla-
tion amplitudes is always radial from the center of the sereen. The beam
acts as if the beam velocity were modulated a few per eent at this fre-
quency.

As it has been definitely established that this phenomenon was re-
lated to processes in the tube, the following explanation seems logical.
The jons with rapid collision electrons (1> 2000 volts) make an oscil-
lating movement in planes through the beam, whose frequency must
he determined essentially by the kinetie temperature velocity of the

o Introduced in U, 8. A. by General Radio Company, Cambridge, Mass.
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agreemen{ with present ideas as to its method of operation. On the
basis of these results end the adaptibility to higher anode potentials,
special hydrogen-filled tubes have been made.

Prockssis 18 THE (GAs SPACE

It is not easy to give information on the current variation in the gas
space surrounding the beam. It must be assumed basically that there
is a continuous formation of ions and just as many secondary electrons
along the beam, while at the same time a number of primary clectrons
are deflected from the direction of the beam after impact. The second-
ary electrons are considerably slower and have a tendency to attach
themselves to the positive ions. This may result in luminescence of the

Fic. 10—Simultaneous deflection of stray eleetrons and heam by a magnetie field.

gas along the path of the beam. An essential and technically important
effect of the electron dispersion is the sccondary illumination of the
screen. Regardless of the location of the beam, when there is a gas
charge the entire surface of the sereen is illuminated with about 1/100
of the brightness. This secondary illumination can be due only to con-
siderably lower velocities of diffused electrons. An interesting test may
be cited in connection with this assumption. Fig. 10 shows a beam path
that appeared under the action of a small magnetic pole held in front
of the sereen. This is a very long time exposure, so that the secondary
illumination has sufficient exposure. We see that not only has the beam
been pushed away from the surface of the sereen, but the electrons
causing secondary illumination also have been subjected to the same
action because the parts of the sereen in the vicinit v of the transforma-
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tion point are obviously dark. From this alone it can be concluded that
the secondary electrons do not have a direction much different from
that of the beam. They are absent at a sharp angle to the beam. There-
fore, the sccondary illumination seems to be an effect of the refracted
heam electrons. Further considerations agree with experimental re-
sults, and show that the ratio of the brightness of secondary illumina-
tion to foeal illumination is a minimum in heavy gases.

FLUORESCENT SCREEN

During the course of the investigations it developed that it isnot
casy to find a fluorescent sereen that combines the following proper-
ties; high illumination power, suitable spectrum (photographically or
optically active or both), very short secondary illumination time, suit-
able graduation curve, and absolute resistance to combustion with
strong beam currents and also, obviously, the sereen must be homo-
geneous and uniformly dense.

First it was found that the lower part of the graduation curve of

“illumination is proportionally straighter as the substance forming the

fluorescent sereen is finer, and as more surface is used. The sensitivity
to very slow clectrons is then especially high, and the ratio of spot light
and secondary light is less good. Particularly for television purposes,
the corresponding reduetion in the brightness interval is highly unde-
sirable and therefore fluorescent sereens have been developed with ab-
sorbing surfaces that retard slow eleetrons to the point where they
heecome ineffective. Secondary illumination can be suppressed almost
completely by using such sereens and by filling with a heavy gas. Great
difficulties were encountered in securing satisfactory heat resistance of
the sereen. Strong cathode rays cause such a heat development in a
minimum space that the fluoreseent sereen substances can he caused
{o glow thermally. In the older sereens with water glass as the binder,
there was combustion, brown coloration, and fatigue and exhaustion of
the illuminating power. Sodium salts were blamed for the discoloration,
as they were reduced in the cathode ray with the precipitation of
sodium. By using a different. method of preparation it is now possible
{o obtain a fluoreseent sereen that will resist a stationary 3000-volt
heam without discoloration and, because of better conduction of heat
from the erystals, also without essential fatigue phenomena. About
the luminous spot there is a kind of light halo caused by repulsion of
the beam clectrons resulting from the strong sereen charge. With very
low velocities of about 300 volts the retarding action of these charges
may become so great that the beam no longer has sufficient energy
when it reaches the serecen. This case is shown in Fig. 11. However,
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removing the screen charges in low voltage tubes does not offer suffi-
cient advantages to justify the increased difliculties and expense in
manufacture. The slight increase in the point brightness that can be
obtained by conduction will be more than counterbalanced by the re-
duced optical transparency that is unavoidable when placing a con-
dueting layer on the screen.

Frs. 11—Retardation of a slow (100-volt) cathode rav by screen charges.

Tur Brauxy Tusrk iNx THE CIRCUIT

One of the great advantages of the Braun tube is that an extremely
small control force is sufficient to deflect the beam. But it is already
known that although the power consumption is small, it does not re-

Zip|80-510-7A
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Fia. 12—Total plate current and plate bias.
main constant with the different positions of the beam. If the Braun
tube is to be used as a measuring instrument in connection with gener-
ators with high internal resistance, this property of the variable resis-
tance certainly must be taken into eonsideration. In the following we

-

-



!

L 13

von Ardenne: Gas-Filled Cathode Ray Tubes 1321

shall give some measurements of the characteristics in the plate circuit
of the author’s tubes.

In Fig. 12 the plate circuit is short-circuited and we measured the
total current 7,, which is received by the plate if there is a bias e, with
respect to the beam. At about —100 volts on the plates the ion currents
stop. At +100 volts the diffusion current of the beam electrons, that
are drawn to the plates, is saturated. The electron current for control
purposes, as we see, is about 100 times as large as the positive current
(see above).

The natural characteristic of the plate circuit is shown in Fig. 13
in the connection that is most commonly used, in which one plate is
connected to the grounded anode and the other plate is brought to the
measuring potential as compared with the former. The three curves

1 200-5:10"7A

F150

100

nP=60 V.
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Fra. 13— Directional characteristic of the current across the defleetion plates.

represent directional characteristics ¢, (e,) obtained with an additional
alternating potential (e,) at 0, 20, and 60 volts. The static character-
istic, as is scen, shows a pronounced hend with a 0-volt plate potential.
This corresponds to the stationary position of the beam. Normally the
plate voltage fluctuates in this region and therefore rectification should
be expected in the plate cireuit which, with high external generator
resistances, can cause a displacement of the origin in the direction of
deviation. This source of error must he taken into consideration when
making amplitude measurements or plotting oscillation center points.
The external resistance of the generator being tested should not he
more than 107 ohms, or else the 0 point will be displaced.

Iig. 14 also shows a plate cirenit characteristic obtained with an
anode potential of 1500 volts. The resistance curve can be constructed
from the characteristic in the usual manner, and is plotted in Fig. 13.
We see that the tube can be replaced by a pronounced e.m.f. of about
50 volts (natural ogcillation of the stray electrons) and a strong variable
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internal resistance that, with great deviation, can inerease to 107 ohins
but drops to a tenth of this amount in the rest position that as most
frequently used. If we use a potential of 100 volts (see Fig. 1) for
maximum deflection, we find that « normal cathode rayv tabe requires
w power of about 0.01 watt for deflection. The relation hetween beam
deflection and plate voltage is given by the measurement shown in Fig
15 with the deflection as ordinate and the plate voltage as abseissa
Contrary to expectations, the eurve does not consist of one straight
line but has distinet slopes. Apparently the tube is less sensitive near
the origin. It has made a deflection of about Teny (at 2 25 volts), und
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Fro. 1H Resistance of an argon-hlled Braun tube

thus it has greater sensitivity following a lincar law. It seems logical
to explain sueh action in conneetion with the eircuit. If we assume that
the generator has an internal resistancee, the direetion of the deflection
error ean be explained using the R, curve in Fig. 11,

But it is found that even with the extremely strong sourees of po-
tential the cathode ray oscitlograph retains the eharaeteristic control
error shown in Figo 15, although to o reduced extent. There are alwayvs
breaking effeets on the beam in the vieinity of the origin, that is, there
are curve crrors. This phenomenon appears partieularly elearly if the
ine sereens are to be recorded at constant speed ax shown in Fig. .
The control error then aets as a coordinate interseetion that appears
brighter than the vieinity in the eenter of the sereen.

This control error seems=to he a space-charge effeet. The mechanism
of the deflection does not aet as if « negative beanm eharge moves i the
acuum hetween the plates. Rather, the spaee charge (surrounding the
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beam), which is very irregular beeanse of great ion density in the vi-
einity of the anode where the plate s loeated for opticogeometrie
reasonsg, prevents the field strength acting on the beam from being
identical with that given by theory. The effective field strength is
smaller than that ealeulated, beeause of the field sereening by the space
charge in the center of the plate, and is a minimum there. It seems
probable that this explanation is correet because it is possible to re-
duce greatly the control error if the deflecting plates are given a nega-
tive bias as compared with the beam (anode). Diffusion currents to the
plates become unnoticeable according to the characteristic in Fig. 12,
and one approximates the theoretieal ease of a concent ated space
charge.

L4

-3
y
L2 cm

a

00 %0 B o
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Fia. 15—Typical curve for cathade ray deflection asa function
of the detlecting potentials.

As the result of this circuit investigation it can be stated that the
gas-filled Braun tube on a maximum generator resistance of 100,000
ohms represents a load that can be disregarded, and that it does not
cause noticeable curve distortion with negative-bias plates. If this pre-
caution is not observed, there will be strong regenerative effects and
rectification as well as apparent distortion, so that the oscillograph will
not agree exactly with the voltage supplied to the plate circuit.

This paper can only give a few of the many detailed experiences
that have been obtained with commercial types of low voltage tubes
during many years of manufacturing and testing. But as many details
and difficulties have been discovered and worked out, it seems possible
to design these gas-filled cathode ray tubes as measuring instruments
for quantitative work, and to apply them as television receivers.
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180th meridian, near which the observations were made, the most use-
ful period was during the winter in the southern hemisphere. Sunset,
oceurs at about 4:30 p.m. (N.Z.T.) in latitude 45° south (12:00 mid-
night, £.8.T.; 9:00 p.m., P.S8.T.). This made it possible to observe the
late night and test transmissions of eastern U. 3. stations occasionally,

TABLE I
Listed power | Approximate distance range
Station Location Frequency a8 o in km over which
January, 1931 observations were made
KFI L.os Angeles 640 ke 5. kw 12000 km 14000 km
WLW Cincinnati 700 50. 14200 14400
WGN Chicago 720 25. 14100 14300
WBBM Chicago 770 25. 14100 14300
KGO San Francisco 790 7.5 12100 14100
WGY Schenectady 790 50. 14700 15000
WCCO Minneapolis 810 7.5 14500 15000
WENR Chicago 870 50. 14100 14300
KJR Seattle 970 5. 12300 14500
KDKA Pittsburgh 980 50. 14400 14700
KNX T.os Angeles 1050 50. 12000 14000
KMOX St. Louis 1090 50. 13800 14300
WOWO FFort Wayne 1160 10. 14000 14500
WOAIL San Antonio 1190 50.(?) 12300 12800
KFOX Long Beach 1250 1. 12000 14000
KGER Long Beach 1360 1. 12000 14000
o KSTP St. Paul 1450 10. 14500 15000
TABLE II
Tted Approximate American stations
e maximum dis- | which create hetero-
Station Location Frequency a8 of tﬁnce rankglg }1111 ddype beal;]notes
January, m at whie uring suc trans-
1931 observations | missions as occur at
were made the same time
7ZL Hobart (Tasmania) 580 3800
3AR Melbourne (Aust.) 620 4300
4YA Dunedin (N.Z.) 650 0.5 kw 3300
2FC Sydney (Aust.) 665 4600
6WF Perth (Aust.) 680 5600
2YA Wellington (N.Z.) 720 5.0 kw 3800 WGN
JOHK Sendai (Japan) 770 9700 WBBM
4QG Brisbane (Aust.) 780 5600
3L.0O Melbourne (Aust.) 810 4300 wWCCO
vvC Calcutta (India) 810 11400 wWCCO
2BL Sydney (Aust.) 850 4600
JOAK Tokyo (Japan) 870 10000 WENR
1YA Auckland (N.Z.) 900 4100
2GB Sydney (Aust.) 950 4000
3YA Christchurch (N.Z.) 980 3500 KDKA
2UE Sydney (Aust.) 1020 3800
2KY Sydney (Aust.) 1070 4000
470 Dunpedin (N.Z.) 1080 3000
27ZM Gishorne (N.7.) 1150 3100
3ZC Christehurch (N.Z.) 1200 2500
471 Dunedin (N.Z.) 1220 3300

and central and western U. S. stations regularly. During the summer
in the southern hemisphere, observations were more difficult, sunset
oceurring after 7:30 .M. (N.Z.T.) in latitude 45° south (3 A.m., L.S.T.;
12:00 midnight, P.S.T.) as most U. S. stations had concluded their
transmissions before this hour. 1in route to the antarctic about 1-1/2
hours were gained due to change in longitude. This made possible ob-
servation of western and central U. 8. stations. During the summertime
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frequency band. Considering the power, best transmission conditions
might possibly favor the higher frequencies, though a consideration of
other factors such as time differences and distances render such a con-
clusion doubtful. At least it can be concluded that the sky wave over
long distances with a wholly dark path is not subject to any marked
increase in absorption in any portion of the frequency spectrum be-
tween 500 and 1500 ke.

A number of authors!234 have discussed the effect of the earth’s
magnetic field upon the relative absorption of various frequencies in
the Kennelly-Heaviside layer. The general conclusion reached is that
a maximum in absorption of the sky wave should take place about 1400
ke. Pedersent shows graphically that this effect is quite broad (as may
be seen from equations of Nichols and Schelleng)? and that for waves
sent out from the transmitter at low angles from the horizontal, this
effect will be quite small at night. This is in agreement with observed
results and it can be concluded that over a wholly dark path such selec-
tive absorption effects are probably not sharp.

1 E. V. Appleton, Proc. Phys. Soc. (London), February, (1925).

2 Nichols and Schelleng, Bell Sys. Tech. Jour., April, (1925).

4 A. H. Taylor and E. O. Hulbert, Phys. Rev. vol. 27, pp. 189-215, (1926).

¢ P. 0. Pedersen. “The Propagation of Radio Waves,” Chap. VIII and Chap.
X1 pp. 235-237.
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NOTE ON RECEPTION OF RADIO BROADCAST STATIONS
AT DISTANCES EXCEEDING 12,000 KILOMETERS*

By
L. V. BERKNER
(Bureau of Standards, Washington, D.C.)

Summary—Aural observations of broadcast stations were made during the
operations of the Byrd Antarctic Expedition, in New Zealand, and between New
Zealand and Antarctica. Tables are given showing stations most frequently heard.
Interference between very widely separated stations on the same frequency ts nien-
tioned. The character of fading is found to be slow and steady compared to the rapid
fluttering and fluctuation of the high frequencies. The tables show that stations are
heard over long paths during total path darkness on frequencies scattered throughout
the broadcast band, indicating that no marked increase in absorption is present, un-
der these conditions, through this frequency range.

URING the operations of the Byrd Antarctic Expedition

(1928-1930), aural obhservations were made on broadecast fre-

quencies (550-1500 ke). These observations embraced the pe-
riods of December, 1928, February 20 to March 15, 1929, and January
1 to March 15, 1930 during the four voyages of the “City of New
York” between Dunedin, New Zealand, and Little America, Antare-
tica; and May to December, 1929, while the supporting contingent of
the expedition was wintering in Dunedin, New Zealand.

These observations were made with a conventional type of broad-
cast receiver using a tuned radio-frequency amplifier, detector, and
audio amplifier. The antenna aboard ship was of the inverted L type
about 85 feet high and with an over-all length of 135 feet. The antenna
used at Dunedin was about 45 feet high with an over-all length of 125
feet. -

The American stations heard most consistently are listed in Table
I in order of frequency. Table 11 shows other foreign stations heard
regularly at shorter distances as shown. In addition to the stations
listed, a number of others were heard on a few occasions each.

Stations to the eastward were, of course, inaudible during daylight,
the intensity rising abruptly at sunset. Stations to the westward (ex-
cepting certain Australian and New Zealand stations which were heard
throughout the day) appeared to rise in intensity quickly as sunset
reached them.

Because of the time difference between the United States and the

*Decimal classification: R113. Original manuscript received by the Institute,

April 5, 1932. Publication approved by the Director of the Bureau of Standards
of the U. S. Department of Commerce.
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180th meridian, near which the observations were made, the most use-
ful period was during the winter in the southern hemisphere. Sunset
occurs at about 4:30 p.M. (N.Z.T.) in latitude 45° south (12:00 mid-
night, E.8.T.; 9:00 p.m., P.S.T.). This made it possible to observe the
late night and test transmissions of eastern U. S. stations occasionally,

TABLE I
Listed power | Approximate distance range
Station Location Frequency a8 o in km over which
January, 1931 observations were made
KF1 Los Angeles 640 ke 5. kw 12000 km 14000 km
WLW Cincinnati 700 50. 14200 14400
WGN Chicago 720 25. 14100 14300
WBBM Chicago 770 25. 14100 14300
KGO San Francisco 790 7.5 12100 14100
WGY Schenectady 790 50. 14700 15000
WCCO Minneapolis 810 7.5 14500 15000
WENR Chicago 870 50. 14100 14300
KJR Seattle 970 5. 12300 14500
KDKA Pittaburgh 980 50. 14400 14700
KNX I.os Angeles 1050 50. 12000 14000
KMOX St. Louis 1090 50. 13800 14300
WOWO IFort Wayne 1160 10. 14000 14500
WOAIL San Antonio 1190 50.(?) 12300 12800
KFOX Long Beach 1250 1. 12000 14000
KGER Loong Beach 1360 1. 12000 14000
> KSTP St. Paul 1450 10. 14500 15000
TABLE II
Listed Approximaf,e American stations
e ;naxnmum dis- wl(]ixch clr)eafée hetero-
q . . ance range in yne beat notes
Station Location Frequency Ja:;sugi km at which during such trans-
1931y' observations | missions as occur at
were made the same time
7ZL Hobart (Tasmania) 580 3800
3AR Melbourne (Aust.) 620 4300
4YA Dunedin (N.Z.) 650 0.5 kw 3300
2FC Sydney (Aust.) 665 4600
6WF Perth (Aust.) 680 5600
2YA Wellington (N.Z.) 720 5.0 kw 3800 WGN
JOHK Sendai (Japan) 770 9700 WBBM
4QG Brisbane (Aust.) 780 5600
3LO Melbourne (Aust.) 810 4300 wWCCO
vvC Calcutta (India) 810 11400 WCCO
2BL Sydney (Aust.) 850 4600
JOAK Tokyo (Japan) 870 10000 WENR
1YA Auckland (N.Z.) 900 4100
2GB Sydney (Aust.) 950 4000
3YA Christchurch (N.Z.) 980 3500 KDKA
20E Sydney (Aust.) 1020 3800
2KY Sydney (Aust.) 1070 4000
470 Dunedin (N.Z.) 1080 . 3000
27ZM Gisborne (N.Z.) 1150 3100
3ZC Christchurch (N.Z.) 1200 2500
47ZL Dunedin (N.Z.) 1220 3300

and central and western U. S. stations regularly. During the summer
in the southern hemisphere, observations were more difficult, sunset
oceurring after 7:30 p.m. (N.Z.T.) in latitude 45° south (3 am,ES.T.;
12:00 midnight, P.S.T.) as most U. S. stations had concluded their
transmissions before this hour. Iin route to the antarctic about 1-1/2
hours were gained due to change in longitude. This made possible ob-
servation of western and central U. 8. stations. During the summertime
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frequency band. Considering the power, best transmission conditions
might possibly favor the higher frequencies, though a consideration of
other factors such as time differences and distanees render such a con-
elusion doubtful. At least it can be coneluded that the sky wave over
long distances with a wholly dark path is not subjeet to any marked
increase in absorption in any portion of the frequeney spectrum be-
tween H00 and 1500 ke.

A number of authorst2 3 have diseussed the effeet of the earth's
magnetie field upon the relative absorption of various frequencies in
the Kennelly-Teaviside layer. The general eonelusion reached is that
a maximum in absorption of the sky wave should take place about 1400
ke. Pedersent shows graphieally that this effect is quite broad (as may
be seen from equations of Nichols and Sehelleng)? and that for waves
sent out from the transmitter at low angles from the horizontal, this
effeet will be quite small at night. This is in agreement with observed
results and it can be coneluded that over a wholly dark path such selec-

Jdive absorption effects are probably not sharp.

1VE. V. Appleton, Proc. Phys. Soc. (London), Fehruary, (1925).

? Nichols and Schelleng, Bell Sys. Tech. Jour.,, April, (1925).

j A I Taylor and E. O. Hulbert, Phys. Reve. vol. 27, pp. 189=-215, (1926).

P. O. Pedersen. “The Propagation of Radio Waves,” Chap. VII1 and Chap.
X1 pp. 235-237.
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in the southern hemisphere, morning transmissions of U, S, stations
could regularly be observed after e, N7 until about the time
that the transmitting station came into daylight.

Ordinarily U. 8. stations could he heard about three or four nights
out of each week (based on such transmissions as were made during
periods in which they could be observed), the “good™ and “poor”
nights apparently appearing at random. In general, as the davlight
zone below the antaretic cirele was approached, reeeived signals dimin-
ished in intensity, disappearing entirely after the daylight zone had
heen entered more than about 100 km.

Reception over long distances was characterized by slow fading,
the intensity ranging from minimum to maximum in periods usually of
the order of three to five minutes. The rapid fluttering usually charae-
terizing high-frequeney transmissions over long distances was not in
evidenee. On one oceasion during a speeial broadeast, the transmissions
of KDKA (980 ke, Pittshurgh) and WSNK (11,880 ke, Pittsburgh) on
the same program were observed simultaneously. KDKA was subjeet
to slow fading from zero to fairly high values while the high-frequeney
waves of WX were subjeet to rapid fluttering but never fell to zero.

No field intensity measurements were made, but aural observations
in Dunedin indicated that peak intensities occeasionally reached values
comparable to the intensities of lower power New Zealand stations
loeated within a few hundred kilometers. For example, WENR (870
ke, 50 kw, Chieago) was observed on a few oceasions during the winter
at Dunedin to be of nearly the same strength as 3Y.A (980 ke, 0.5 kw,
Christchureh) 300 kilometers distant.

Heterodyne beat interference was frequently noted between foreign
stations and oceasionally between a foreign station and a loeal station.
For example, a heterodyne beat was frequently noted between 3Y.A
(Christehureh, N, 7)) and KDKA (Pittshurgh) both on 980 ke; and
between 2Y A (Wellington) and WGN (Chicago), both operating on
720 ke, although in the latter case it was never very strong. Hetero-
dyne beats strong enough to be troublesome were noticed on a large
number of frequencies while the modulation level of the stations in-
volved was below the heterodyne beat Tevel, VVC, Caleutty, and 31L0O),
Melbourne, for example, gave a sufficiently strong heterodyne beat to
make reception on this channel difficult exeept from a loeal station.
Fortunately, where large time differences between stations exist, such
interference is usually limited to speeial or late transmissions from the
station to the castward.

Data in Tables I and T show that the stations regularly observed
have frequencies distributed quite uniformly throughout the broadeast
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frequeney band, Considering the power, hest transmission conditions
might possibly favor the higher frequencies, though a consideration of
other factors sueh as time differences and distanees render such a con-
elusion doubtful. At least it ean be coneluded that the sky wave over
long distances with a wholly dark path is not subjeet to any marked
inerease in absorption in any portion of the frequeney spectrum be-
tween H00 and 1500 ke.

A number of authors' 2* 4 have discussed the effeet of the earth’s
magnetie ficld upon the relative absorption of various frequencies in
the Kennelly-Heaviside layer. The general conelusion reached is that
a maximum in absorption of the sky wave should take place about 1400
ke. Pedersen® shows graphieally that this effeet is quite broad (as may
be seen from equations of Nichols and Schelleng)® and that for waves
sent out from the transmitter at low angles from the horizontal, this
effeet will be quite small at night. This is in agreement with observed
results and it ean be coneluded that over a wholly dark path such selec-
tive absorption effects are probably not sharp.

VE. V. Appleton, Proc. Phys. Noc. (London), February, (1923).

* Nichols and Schelleng, B!l Sys. Tech, Jour., April, (1925).

j A H. Taylor and E. O, Hulbert, Phys. Rer. vol. 27, pp. 150-215, (1926),

P. O. Pedersen. “The Propagation of Radio Waves,” Chap. V111 and Chap.
X1 pp. 285237,
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NOTE ON RECEPTION OF RADIO BROADCAST STATIONS
AT DISTANCES EXCEEDING 12,000 KILOMETERS*

By
L. V. BERKNER
(Bureau of Standards, Washington, D.C.)

Summary—Aural observations of broadcast stations were made during the
operations of the Byrd Antarctic Expedition, in New Zealand, and between New
Zealand and Antarctica. Tables are given showing stations most frequently heard.
Interference between very widely separated stations on the same frequency is men-
tioned. The character of fading is found to be slow and steady compared to the rapid
fluttering and fluctuation of the high frequencies. The tables show thatl stations are
heard over long paths during total path darkness on frequencies scattered throughout
the broadcast band, indicating that no marked increase in absorption s present, un-
der these conditions, through this frequency range.

URING the operations of the Byrd Antaretic Expedition

I (1928-1930), aural observations were made on broadcast fre-

quencies (550-1500 ke). These observations embraced the pe-

riods of December, 1928, February 20 to March 15, 1929, and January

1 to March 15, 1930 during the four voyages of the “City of New

York” between Dunedin, New Zealand, and Little America, Antare-

tica; and May to December, 1929, while the supporting contingent of
the expedition was wintering in Dunedin, New Zealand.

These observations were made with a conventional type of broad-
cast receiver using a tuned radio-frequency amplifier, detector, and
audio amplifier. The antenna aboard ship was of the inverted L type
about 85 feet high and with an over-all length of 135 feet. The antenna
used at Dunedin was about 45 feet high with an over-all length of 125
feet. .

The American stations heard most consistently are listed in Table
[ in order of frequency. Table II shows other foreign stations heard
regularly at shorter distances as shown. In addition to the stations
listed, a number of others were heard on a few occasions each.

Stations to the eastward were, of course, inaudible during daylight,
the intensity rising abruptly at sunset. Stations to the westward (ex-
cepting certain Australian and New Zealand stations which were heard
throughout the day) appeared to rise in intensity quickly as sunset
reached them.

Because of the time difference between the United States and the

_*Decirr{al classification: R113. Original manuscript received by the Institute,
April 5, 1932. Publication approved by the Director of the Bureau of Standards
of the U. S. Department of Commerce.
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180th meridian, near which the observations were made, the most use-
ful period was during the winter in the southern hemisphere. Sunset
occurs at about 4:30 p.m. (N.Z.T.) in latitude 45° south (12:00 mid-
night, E.S.T.; 9:00 p.m., P.S.T.). This made it possible to observe the
late night and test transmissions of eastern U. S. stations occasionally,

TABLE I
Listed power | Approximate distance range
Station Location Frequency a8 of in km over which
January, 1931 observations were made
KFI Los Angeles 640 ke 5. kw 12000 km 14000 km
WLW Cincinnati 700 50. 14200 14400
WGN Chicago 720 25. 14100 14300
WBBM Chicago 770 25. 14100 14300
KGO San Francisco 790 7.5 12100 14100
WGY Schenectady 790 50. 14700 15000
wWCCO Minneapolis 810 7.5 14500 15000
WENR Chicago 870 50. 14100 14300
KJR Seattle 970 5. 12300 14500
KDKA Pittsburgh 980 50. 14400 14700
KNX l.os Angeles 1050 50. 12000 14000
KMOX St. Louis 1090 50. 13800 14300
WOWO Fort Wayne 1160 10. 14000 14500
WOAI San Antonio 1190 50.(2) 12300 12800
KFOX Long Beach 1250 1. 12000 14000
KGER Long Beach 1360 1. 12000 14000
e KSTP St. Paul 1450 10. 14500 15000
TABLE 11
Listed Approximate | American stations
O inaxlmum dis- wglch cgeatée hettero-
T : ; ance range in yne beat notes
Station Location Frequency ]alzlaugf” km at which | during such trans-
: 1931y' observations | missions as occur at
were made the same time
7ZL Hobart (Tasmania) 580 3800
3AR Melbourne (Aust.) 620 4300
4YA Dunedin (N.Z.) 650 0.5 kw 3300
2FC Sydney (Aust.) 665 4600
6WF Perth (Aust.) 680 5600
2YA Wellington (N.Z.) 720 5.0 kw 3800 WGN
JOHK Sendai (Japan) 770 9700 WBBM
4QG Brisbane (Aust.) 780 5600
3LO Melbourne (Aust.) 810 4300 WwWCCO
vvC Calcutta (India) 810 11400 wWCCO
2BL Sydney (Aust.) 850 4600
JOAK Tokyo (Japan) 870 10000 WENR
1YA Auckland (N.Z.) 900 4100
2GB Sydney (Aust.) 950 4000
3YA Christchurch (N.Z.) 980 3500 KDKA
2UE Sydney (Aust.) 1020 3800
2KY Sydney (Aust.) 1070 4000
470 Dunedin (N.7.) 1080 . 3000
27,M Gishorne (N.Z.) 1150 3100
3ZC Christchurch (N.7.) 1200 2500
47ZL Dunedin (N.Z.) 1220 3300

and central and western U. S. stations regularly. During the summer
in the southern hemisphere, ohservations were more difficult, sunset
oceurring after 7:30 p.m. (N.Z.T.) in latitude 45° south (3 a.m., B.8.T.;
12:00 midnight, P.S.T.) as most U. S. stations had conecluded their
transmissions before this hour. En route to the antarctic about 1-1/2
hours were gained due to change in longitude. This made possible ob-
servation of western and central U. S. stations. During the summertime
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frequency band. Considering the power, best transmission conditions
might possibly favor the higher frequencies, though a consideration of
other factors such as time differences and distances render such a con-
clusion doubtful. At least it can be concluded that the sky wave over
long distances with a wholly dark path is not subject to any marked
increase in absorption in any portion of the frequency spectrum he-
tween 500 and 1500 ke.

A number of authors' 234 have discussed the effect of the earth’s
magnetic field upon the relative absorption of various frequencies in
the Kennelly-Heaviside layer. The general conclusion reached is that
a maximum in absorption of the sky wave should take place about 1400
ke. Pedersen® shows graphically that this effect is quite broad (as may
he seen from equations of Nichols and Schelleng)? and that for waves
sent out from the transmitter at low angles from the horizontal, this
effect will be quite small at night. This is in agreement with observed
results and it ean be concluded that over a wholly dark path such selee-
tive absorption effects are probably not sharp.

1 E. V. Appleton, Proc. Phys. Soc. (London), February, (1925).

2 Nichols and Schelleng, Bell Sys. Tech. Jour., April, (1925).

'Z A. H. Taylor and K. O. Hulbert, Phys. Kev. vol. 27, pp. 189-215, (1926).

P. O. Pedersen. “The Propagation of Radio Waves,” Chap. VII1 and Chap.
X1 pp. 235-237.
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A NEW TYPE OF ULTRA-SHORT-WAVE OSCILLATOR*
By

I. E. MouroMTSEFF AND H. V. NoBLE
{(Westinghouse Electric and Manufacturing Company, East Pittsburgh, Pa.)

Summary—A new oscillator for generating ulira-short waves, tn which the
conventional tank circuit is replaced by a portion of concentric iransmission line, is
described. Electrically, the tube structure forms an integral part of the transmission
line. For this the quantity VC/L for the tube must be the same as for the rest of the line,
C and L being capacity and inductance per unit length of the line. A comparison of
the closed oscillating circuil with the “standing wave oscillator’’ shows distinct ad-
vantages of the latter in the region of ultra-short waves. The mode of connecting
the load to the oscillator is discussed. Some of the oscillator characteristics are given
for wavelengths of & and 8 meters with 15- and 12-kw output, respectively. Mention
1s made of a marked physiological effect of ultra-short-wave fields.

short, or so-called quasi-optical waves have been under de-

velopment during the last few years. This has advanced a new
problem in the high-frequency engineering art: development of tubes
and circuits for ultra-high frequencies, corresponding to waves below 8
meters. The fact is that the limitations inherent in the conventional
power tubes and circuits prevent their use for generating ultra-short
waves, as they refuse to oscillate at ultra-high frequencies, and have
too low power output and efficiency. The cause of this is clear. The
natural way to decrease the frequency of a conventional oscillator is to
decrease the lumped capacity and inductance of the oscillating circuit,
according to the equation

F ] UMEROUS therapeutic and industrial applications of ultra-

1
f or /IO . (1)
Physical limits in this case are defined by C, equal to the interelec-
trode capacity of the tube, and by L. equal to the minimum induc-
tance of the conductors connecting plate and grid outside as well as in-
side the tube. Therefore, tubes specially designed for ultra-short waves
must have electrodes of comparatively small area, and a structure short
in the axijal direction. This results in limiting the power dissipation al-
lowed for a tube; hence, the limitation in power output. The difficulty
of securing large outputs from ultra-short-wave tubes is further aug-

mented by the comparatively low efficiency which rapidly decreases

* Decimal classification: R339 X R133. Original manuscript received by the
Institute, March 24, 1932. Presented before Twentieth Anniversary Convention,
Pittsburgh, Pa., April 9, 1932.
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as frequency increases, because of various losses in the tube circuit,
including a very large loss by radiation. Thus, large tubes with a large
interelectrode capacity and a long structure cannot be used for generat-
ing waves below 7 or 8 meters; while tubes with small capacity and
inductance, because of their size, are limited in power output.

However, one can find an interesting solution of the same problem
in such a way that the large interelectrode capacity and the long struc-
ture of a tube are no longer objectionable and have no direct bearing
on the frequency of oscillations generated by the tube.

pLATE A

A‘
— é 2
GRID MW a

Fig. 1

Let us imagine that a tube, instead of being attached to a conven-
tional closed oscillating circuit, is connected by its plate and grid to a
section of transmission line AA’BB’ (Fig. 1). Generally, if a transmis-
sion line is terminated by an impedance Z,, its input impedance Z; is
given by

) 27l
Zt + ]Zo tan T

Z,' & Zo (2)
) 2wl A
Zo + ]Zg tan —>\‘—

where \ is the wavelength,  is the length of the line, and Z, is the char-
acteristic impedance of the line. For a line of negligible resistance and
leakage conductance

Zo = VL/C (3)

L and C here being the inductance and capacity of the line per unut
length.

For a line open at the end A’B’, in which case Z,= «, we have
Zo
Zi= ——— (4)

» 27l '
j tan —
A

Finally, if the line has a length equal to N/2
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It shows that for A=2{ an open transmission line, viewed from the
tube i1s analogous to a parallel resonant circuit. An a-¢ e.m.f. of fre-
quency corresponding to A =2l applied across one end of such a sys-
tem produces standing waves in both conductors, with voltage nodes in
the middle and voltage antinodes at the ends of these conductors
(Fig. 2). The current waves have their nodes at the ends and their anti-

SUPPLY

| B1AS o
|coNNECTIO
/Z

nodes in the middle of the system. Once started, the oscillations will
continue even in the absence of an e.m.f. until their energy is exhausted
by dissipation in the resistance of the conductors, in radiation, or in
the load circuit, if any. The first two losses are usually negligible com-
pared to the load. The phase relation at the ends of a parallel wire sys-
tem set in oscillation is such that a tube connected, as shown in Fig. 1,
can sustain the oscillation if d-c¢ voltage is supplied to the plate, and
the grid is properly biased. Standing waves are a result of the direct
and reflected waves propagated in such a manner that every impulse
originated by the tube returns 1o it after traveling back and forth
along each conductor over the distance 21. This requires an interval of
time
21
T = (6)

Here, v is the velocity of propagation of electric waves along the con-
ductors and is very nearly equal to the velocity of light. On the other
hand, an impulse can be produced by the tube only on a negative
half cycle of plate voltage and positive swing of the grid. Hence, T is
also the time of one oscillating cyele, and

20 = T = \. )

Thus, the length of waves generated in a parallel wire system depends
only on the length of the wires. Therefore, such a system can be used
for production of ultra-short waves.

However, if waves of the order of 5 meters, or below, are to be gen-
erated, the leads conneeting the tube to the transmission line begin to
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cause trouble by introduction of freak inductances and capacities,
which break the uniformity of the system and give birth to unwar-
ranted reflections of oscillatory energy. Fortunately, these difficulties
can be removed by making the tube (and its connecting leads) elec-
trically an integral part of the transmission line.! Considering that,
normally, power tubes have a cylindrical structure, the most logical
way to achieve the above requirement is by the use of concentric cyl-
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Fig. 3

inder Uransmission ines (FFig. 3). The plate and the grid must then be

of such diameters that the characteristic impedance \/I,/(,' along the

tube will be the same as that for the main part of the oscillator. This
an be readily achieved by a proper choice of the ratio of anode and

wrid diameters. Indeed, the characteristic impedance for a concentrie
cylinder is given by the equation

D
Zo = 60 log " (R)
{

where D is the diameter of the outer, and d of the inner eylinder. There-

' First suggested by Co AL Boddie, then with Westinghouse Research Laho-
ratories,
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fore, for the equality of impedances the ratio of the anode to the grid
diameters must be the same as that of the outer and inner pipes of the
oscillator itself.

Fig. 4 shows a standing wave oscillator actually built for 2.8-meter
waves. A special tube, the AW-200 designed for it, is seen projecting

Fig. 4

»

fr9n1 the lower end of the oscillator, and is also shown separately in
Fig. 5. Notwithstanding the large size of the tube, which is 1 meter
long and has an anode 3 inches in diameter, and notwithstanding a
large plate-to-grid capacity amounting to 23 uuf, extremely short
waves can be generated by this tube. The outstanding features of the
tube are: the introduction of the grid and filament from opposite ends
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of the tube; completely symmetrical grid structure supported from a
i heavy re€ntrant copper thimble; a tubular outer grid lead of about the
came diameter as the grid itself; and a grid capable of withstanding
large currents and voltages. The anode is made of a section of copper
pipe. 1t is water-cooled and can casily dissipate 30 kw. The water

Fig. 5

jacket surrounding the anode is 5 inches in diameter and is directly
connected to the outer cylinders. The ratio of diameters of the con-
centric pipes is approximately 2:1, and so is the ratio of the anode and
grid diameters.

From inspection of the curve of voltage distribution along the con-
ductors (Fig. 2) it follows that d-c plate voltage as well as grid bias
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can conveniently be supplied at the midpoint of the system, where the
r-f potential is zero (Fig. 3).

In order to have some insight into the difference in performance
of a standing wave oscillator as compared to a conventional Hartley
circuit, in which the lumped capacity has been reduced to the inter-
electrode capacity of the tube, (', let us calculate the amount of oscil-
lating energy for the same maximum voltage, 17, across the tube in
both cases, using the same tube.

For a standing wave oscillator the circulating volt-amperes will be
found under an assumption that both voltage and current are distrib-

v VOLTAGE
; ]l T
|

Fig. 6

uted along the conductors according to the sine law. Then, the maxi-
mum of potential energy, W, corresponding to the maximum voltage,
V7, can be caleulated (IFig. 6) as

CV: ptHa T A
W, = f sin? —xdr = 9)
2 12 [ 4

In the last expression, C is capacity per unit length and [ is the length
of the transmission line. A similar expression can be obtained for maxi-

mum kinetie energy W, when the current is 1 maximum and voltage
I8 zero at every point

Ll |

_ (10) |

4 |

L in the formula is inductance per unit length. Assuming, further, that |
resistance and leakage conductance of the line are Zero, we can write:

ClVy LIl
. (11)
4 1

from which expression we obtain

S R N SR

1
|
_——!
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I Iu I "u “-H ")
. = - =\ (" [. X = (12
RN 2

Therefore, the volt-nmperes in the sytem are
. . "l] “ﬂ “ﬂ:
(Voo =1V Em o/ X = (13)

Zn\ 2 \ 1 ‘.)411

A corresponding expression for a closed eireuit having a lumped
capaeity: namely, that of the tube, €7, s

(Vo o= afe V) (14)

By division of (13 by (11) we find

(V.. 1 X )
e : (1)
\\l ), ‘.’rrf(' A o

From (13) we ean see that the fiywheel effeet of volt-nmperes, in
he ease of a standing wave oscillator, is independent of the frequency
of oscillation, but depends on the characteristic impedance of the sys-
tem. Za. which, for a concentrie evlinder line, is determined by the
ratio of dinmeters of the outer and inner eylinders (equation 8). By
making this ratio closer to unity we can inerease Zo. and hence, the
fivwheel effeet for any frequeney. This, of course, will involve the
tube strueture, in which the grid diameter must be increased. In a
closed cireuit, the flywheel effeet (14) inereases with frequency and
tube eapacity, C.. but the highest possible frequency is limited by the
conditions discussed at the beginning of this paper (1). Using practical
figures in (15) for an AW-200 tube generating H-meter waves, we can
compare the two circuits as to the fiywheel effect as follows:

(V.0 1012

1), 27 X 6 X 107 X 23 X 42 S S 2o ()

A higher value of volt-amperes in a standing wave oscillator, while
contributing to the stability of oscillation and elimination of harmonices
does not ereate any concern as to the circuit losses, because heavy con-
centric pipe leads and tube parts can easily take care of a consider-
able amount of oscillating energy without appreciable loss.

Another interesting comparison between a standing wave oscil-
lator and a closed circuit can be drawn from determining the highest,
practical frequency limit in either case, if the same tube is used in both
cases. With a standing wave oscillator the lowest limit for generated
waves depends on the external physical dimensions of the tube. In-
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deed, the whole grid end of the tube with the glass blank attached to it
is located inside the outer pipe and must not project beyond the neu-
tral line of the oscillator, where d-c voltage supply wires are to be con-
nected (Iig. 7). Thus, for an AW-200 tube in its present shape the
hortest possible wavelength is somewhat below 3 meters (2.8 meters).

HH

——— NEUTRAL LINE

Fig. 7 Oscillating circuit using AW-200 tube.

If the same tube were used in a closed circuit of minimum dimensions,
shown in Fig. &, the shortest possible wave has been calculated to be

about 6 meters, at which, however, only a very low output can be se-
cured.

A LoApED STANDING WaAVE (JSCILLATOR

If a standing wave oscillator is terminated by an ohmic resistance,
R, equal to the characteristic impedance of the line, Zo, no self-oscil-
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{lations are possible in such a system. This follows from (2), which in
Aa case of Z,=Zo= R gives the value of the input resistance

Z,=R. (17)

The whole system behaves as pure ohmic resistance with no reflected
) waves 1o sustain the oscillation. The reflection factor is in this case

1 Uy E=dy (18)
r_",'_l\)+Z0— ‘

F'where 17, and Vi are the amplitudes of the reflected and incident
waves, respectively. With R Z,, the same factor is different from

I.‘ 6..\
R FC. Rg

|
TR —— NN
:{ G
L)
5
DIA.
e
22
—p
+ H.V R.€ C.
———po0e————

Fig. 8&—Shortest connections for Hartley oscillator. A =6 meters.

zero. The energy reaching the load end is partly consumed and partly
reflected, creating standing waves on the conductors, resulting in sus-
tained oscillations. From (18) it follows that the greater the load re-
sistance, R, as compared to the characteristic impedance, Zo, the closer
f. is to unity; the greater is the amplitude of the reflected wave, V,;
the more pronounced is the oscillation; and the smaller percentage of
energy is consumed in the load during each cycle. The ratio of the
energy consumed in the resistance during one half cycle, P, to the

~ N
POV L= e S ¢
Y
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amount of energy 7, trunsferred in the cireuit during the same time
is the logarithmie deerement, 8, of the system. From this definition,
and keeping in mind (9), we can write:

P Ve X T ClVy?

= — = o (19)
P, 2R X 2 1
or,
P (20
R )

Assuming that for stable oscillation, 6 =0.25 we can find from (19) the
minimum ratio of volt-amperes/watts and R/ Zq:

V4 R

_— = — =8, (21)
Watts Zo
B 0
E //*
[+ 4
% ? /<A00
E / ] [
& a4
. s i [ N B
(0] 2 4 6 8 10 12 14 16 8

PLATE VOLTAGE -KW.

Fig. —AW-200 plate characteristics. u=30.

This, or higher ratio must be maintained for smooth oscillation and for
elimination of high-frequency harmonies from the voltage/time curve.
For a practical case of a line with the ratio of eylinder diameters
D/d=2, the characteristic impedance Z;=42 ohms (8). Hence, the
minimum load resistance which can be allowed is 336 ohms. Further,
one must consult the tube charuacteristies to find whether this figure
corresponds to a good operating condition for the tube. Due to the
symmetry of the system, the effect of a load connected across the re-
ceiving end of the line is equivalent to that of an equal load connected
directly across the plate and grid of the tube. With filament at zero
radio-frequency potential, the plate-filament voltage is half of the plate-
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Cgnid voltage Henee,an equivalent resistanee, B between the plate and

Cfilament, whieh will produce the <ame effeet asa load aeross the ende

of the hine, must be W Tonour practieal ense B =S tohms From
the tube ehart (Fig 9 one ean easily coneclude that with such o load
the tube operation will be extremely methicient: Warh 10 kv on the
plate. the optimum foad resistanee for the tube, Kooas about S0
ohms  Therefore, the load resistanee aeross the end of the oasetllator
must he 3200 ohms, which makes the mtio of volt-amperes watts pro-
portionally wrenter

\etwadhy ot is maore practieal to tap the load ar come pontsa and o
near the neuteal hine (e 1oy, where the voltage swing 1~ smaller

_L0a0 _

U
»

g}
4

Yt o=
=
“ o S L I
3
g 10

Correspondingly, the new load resistance, . must be chosen <o tha
it will mateh the <ame optimum resistance for the tabe, R which ean
be eateuluted from the relanion

) Voeans
i
= (22)
2R 2R
oar,
R, = R sin- ~[ T 120

No matter what an aectual load eireuit may bhe, it is usually more
convenient to loeate it at =ome distance from the o<eillator and couple
the two by a single wire, or parallel wire transmission line. The duty of
the latter is the transfer of power from the ozcillator to the load cir-
cuit with as little loss az pozzible. In this case, standing waves, causing
radiation and more pronounced resistance loss, are an undesirable
phenomenon. Therefore, thiz transmission line must be *perfectly
terminated,” and the load eireuit must be “matched™ to the impedance

of the line by means of an adequate coupling arrangement. If it is

. achieved sucecessfully. the input resistance of the transmission line,

which at the same time is the real load on the oscillator, will be equal to
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the characteristic impedance of the line Zy" and will be purely ohmic in
character.

A parallel wire transmission line of practical dimensions has a
characteristic impedance of the order of several hundred ohms. It has
to be connected at two symmetrical points such as ab on the oscil-
lator either on the outer, or inner cylinder (Fig. 10). From voltage re-
lation, one can readily calculate the equivalent load on the tube effected -
by the transmission line connected at the chosen points. Generally, it

LOAD CIRCUIT
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Fig. 11 -

will not correspond to the optimum operating condition for the tube.
However, if instead of directly connecting the load transmission line to
the oscillator at points A and B, we bridge over the same points by a
coil, or by a small tank circuit (Fig. 11), and tap the coil at two sym-
metrical points for attaching the load, we can match the desired tube
operating condition perfectly. The coil impedance for frequencies con-
sidered is very high; that of the tank circuit is infinity. Therefore, these
additional members will not greatly affect the whole arrangement,
though the tank circuit will introduce an additional flywheel effect
into the transmission system.

One can add that the use of two tubes, one at each end of an oscil-
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lator, allows an inerease in the output and contributes to the stability
of performance as is the ease with every push-pull circuit.

Foxvermimesran Restnrs

An arrangement similar to that of Fig. 11 has been used for measur-
ing the power output and efficiency with various adjustiments of the
oxcillator. First, the output ciremt  usually one or two dipoles  was
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Fig. 12—=Standing wave oscillator. A=5.5 meters.

tuned to the frequency generated by the oscillator. Then, the coupling
of the load to a parallel wire, eventually to a single wire transmission
line was adjusted, until no standing waves were detected on it. Finally,
an optimum coupling of the transmission line to the oscillator was
found. The power output for various conditions of plate voltage and
grid bias was calculated by subtracting the power dissipated in the tube
from the total plate input, as measured on a plate d-¢ voltmeter and
ammeter. The power dissipation was reckoned from the temperature
rize of the anode cooling water and the rate of water flow. Preliminary
experiments showed that the power loss in the oscillator with no load




1342 Mouromtseff and Noble: Ultra-Short-Wave Oscillator

was negligible. Figs. 12 and 13 give the power output and efficiency ux
a function of variable plate voltage for 5.5- and 2.8-meter waves, re-
spectively.

A dotted straight line in Fig. 12 indicates that the antenna current
varies proportionally with the plate voltage, a condition necessary for
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Fig. 13—Standing wave oscillator. A =2.8 meters.
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Fig. 14

distortionless plate modulation of the oscillator. As to the realizable
percentage of modulation, which ean be effected, one first can notice
with dissatisfaetion that with « slow variation of the d-¢ plate voltage
the oscillation goes out before the plate voltage reaches zero. The actual
value of the eritical voltage depends on various elements of the eireuit
adjustment. Fortunately, the oscillator behaves differently, when the
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plate voltage variation is effected rapidly, which is the case when an
actual modulating voltage is superimposed upon the d-¢ voltage. Figs.
' 14 and 15 represent oscillograms taken on a standing wave oscillator
t modulated with 60 cycles. The first picture corresponds to an 80 per

(19

Fiz. 15

cent modulation ; the second was taken at 30 per cent overmodulation.
From the latter, one can see that the oscillation goes off and starts
up again at practically zero plate voltage.
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Fig. 16

Figs. 16 and 17 show how power output and efficiency change when
the distance of points to which the load is coupled from the neutral
line of the oscillator be varied. Attaching the load to the inner eylinder
gives slightly greater output and considerably better efficiencey.
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Physiological effects of such powerful oscillations of the frequencies
considered—60 and 100 megacycles—are possibly worth while
mentioning. In the vicinity of the load circuit and as far as 20 or 30
feet away, a person feels a very pronounced diathermic effect in the
limbs, particularly while standing on a concrete floor, or on a metal
surface; also when holding a hand on a metal conduit, or stretching
hands in the direction of the field. With a proper location in the field,
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the blood temperature of a person can be raised by 1° C within 1 min-
ute. It is no wonder that an operator, if he is not careful enough, feels
drowsy and depressed after a few hours of work in such a field. Bugs and
other insects, if located between the plates of the condenser in a tank
circuit die almost instantaneously. Various food, as rolls, hot dogs,
etc., are roasted or cooked within a fraction of a minute. Rolls and
bread are toasted from within. One can light a 40- to 100-watt lamp
merely by holding it in the field of the oscillator.

CoxNcLUusION

The standing wave oscillator gives a means of generating powertul
oscillations of very high frequencies. It can find application in every
field where high frequency and high power combined are of impor-
tance. A particular interest can be attached to the possibility of using
it for therapeutic, physiological, and biological problems—premises so
far unexplored, perhaps just because of a lack of sufficiently powerful
generators in the important frequency band.
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PART I

THE THEORY OF THE ACTION OF A TUNED
RECTANGULAR FRAME AERIAL

By
I.. S. PALMER

o Summary—Part [ (1) An electromagnetic wave incident on a tuned rectangu-
lur frame aérial comparable in dimensions with the length of the wave is constdered
to cause a circulating current which may be resolved into a “direct” current com-
ponent due to the primary action of the wave, and an “indirect” current component
due to the current in adjacent parts of the frame.

This treatment leads to the conclusion that the resultant current is dependent on
the dimensions of the frame and on the angle of incidence of the wave.

(2) For each particular width of the frame less than one wavelength there are at
least two critical heights for which the frame current will be a mazimum. That 18,
for each particular width less than one wavelength there are at least two critical frame
areas for best reception, and any variation of these areas will result in decreased sig-
nal strength.

(3) The resonant current which circulates in a tuned frame aérial under the
influence of an clectromagnetic wave is not the mazimum current that can be pro-
duced in the frame by the incident wave. By formatising the frame, that is, by properly
adjusting the height and width of the frame, the current may be increased to a very
much larger value.

Part I (1) The transmitter, which is capable of working on wavelengths from
7.5/ to 8.80 melers, is described and the chief difficulties in ils design are discussed.

The construction and mode of operation of the receiving frame are next de-
scribed. The frame is capableof expanding or contracting in either or both dimensions.
The mazimum size 18 aboul 8.5 meters square. Tuning ts accomplished by shunling
the frame with a copper strip in parallel with a condenser. The current 18 measured
by a vacuum thermojunction and microammeter.

(2) Measurements are described which enable the direction of wave propagation
to be made parallel to the plane of the frame. Preliminary measurements were made
to study the nature of the polarization and inclination of the electric vector of the wave.

(8) The result of u series of measurements of the critical frame dimensions are
recorded, and compared with data predicted from the theory discussed in Part I.

* Decimal classification: R125.3 X R325.3. Original manuscript received by
the Institute, March 14, 1932,
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(4) The conclusions resulting from the foregoing investigation are enumerated
and may be summed wp in the statement that the maximum frame current only re-
sults when the frame is both tuned and formatised.

A mechanical graph for solving the transcendental equations which determine
the formatising conditions is explained in an appendiz.

1. INTRODUCTION

N RECENT vears many papers have been published on the action

of frame aérials and, although it may not have been explicitly

stated. the formulas deduced have been based on the implicit as-
sumption that the frame dimensions were negligible compared with
the length of the wave. With the ever-inereasing applications of short
waves the use of such formulas may lead to serious errors and, in fact,
to quite inaccurate conceptions of the action of frame aérials. For ex-
ample, it is usually assumed that the current produced in a frame
aérial by an incident wave or the radiation from a frame aérial is pro-
portional to the square of the area of the frame,! but this does not hold
good when the frame dimensions and the wavelength are of the same
order of magnitude. With short waves comparable with the frame di-
mensions, an (nerease of frame area may cause a decrease of received
current.

Preliminary experiments carried out at Manchester in 1927 in-
dicated that,in order to get maximum received current in a rectangular
frame the area of the frame had to be very earefully adjusted to any
one of several eritical values which were found to be dependent on the
length of the wave in use. Furthermore, for any given wavelength the
eritical area varied with the angle of ineidenece of the wave.

That the angle of the wave to the plane of the frame affects the
signal strength is clearly indicated in the ordinary directional properties
of a rotating frome used as a wireless beacon; but that the signal
strength should also vary as the frame (whether square or rectangular)
rotates in it own plane iz an effeet which has not hitherto been antici-
pated. Tt i, in fact, not true that the received current depends only on
the change of magnetie flux threading the frame. The e.m.f. so pro-
duced may be comparable in magnitude with that induced in one limb
of the frame by the eurrent in an opposite limb. Thus the resultant
current will be due to the superposition of these two e.m.f's. When they
are comparable in magnitude, their relative phases may be such that
the resultant current is either abnormally large or abnormally small.
It is shown in the next seetion that these phase differences depend not

P E.B. Moullin, *The fields close to a radiating aérial.™ Proe. Camb. Phil.
Noc., vol. 25, pt. [V, p. 191; October, (1024). )
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only on the frame impedanee but also on the frame dimensions. Henee

} o variation of dimensions or shape, even with proper tuning, will result

in changes of frame eurrent which may be of the same order of mag-
nitude as the well-known current ehanges produeed by variation of
tuning.

In view of this faect, the word *formatising”™ (from the Latin
“formare,” to shape or to form) is suggested for the process of changing
the dimensions of a frame aerial in order to obtain maximum current.
This ix then distinguished from the quite different process of “tuning.”
which also affeets the eurrent value. Thus only when a frame is both
tuned and formatized iz the current a maximum. The formatising con-
ditions for a frame are as eritieal as the tuning conditions and in order
to avoid confusion between effeets due to tuning and effeets due to
formatising, the following theory will deal only with tuned frames:
that is. with frames the reactances of which are zero. This condition ix
also easy to fultill in practice.

The preliminary experiments with tuned frames earried out in 1927

“Showed that the received current could be inereased or deereased many
thousandfold by changing the width or height of the frame by only a
fow centimeters. In some instances doubling the frame area caused the
current to deerease to an almost negligible amount, even though the
frame was kept properly tuned.

The conditions for formatising a tuned rectangular receiving frame
will now be determined. The conditions will be different if the frame is
to be uzed for transmission. This question is now being investigated.

9 THEORETICAL CONDITIONS FOR FORMATISING A REcEIVING FraME

In the first instance the problem will be simplified by considering
the frame I Q R N (Fig. 1) to be oriented so that its plane is parallel
to the direetion of wave propagation 4 B. It will be assumed that the
wave is plane polarized so that its electric vector is also in the plane
P ( R S. The current variations will then be distinet from those given
by the ordinary *figure-of-eight™ polar diagram.

Let the direction of propogation 4 B.make an angle v with the side
PQ of the frame. Then the passing wave will induce in the vertical
wires PS and QR and in the horizontal wires PQ and RS e.m.f's which
will differ in phase by an amount depending only on the respective
“offective” distances apart of the parallel wires. This assumes the
transmitter is distant at least several wavelengths from the frame.
From the figure the “effective” distance is seen to be PT for the verti-
cal wires, and PT' for the horizontal wires. PT = PQ cos y or " cos vy
where W is the frame width; and PT’=PS sin v or H sin y where /{
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is the frame height. Since the frame is tuned, the phase differences be-
tween the e.m.f’s will be the same as the phase differences between the
currents. Hence the currents resulting directly from the incidence of
the waves on the vertical wires will differ in phase by 27 W cos v/ and
similarly the currents in the horizontal wires will differ in phase by
2w H sin y/\.

If the transmitter be situated a distance from the frame very large
compared with the frame dimensions then the current amplitudes will
depend only on the transmitter constants, the distance between the
transmitter and the frame, the angle v and the ohmic resistance of the
frame. We will call these currents the “direct” current components.

Now any current in the wire PS (say) will produce a current in any
neighboring wire as long as the two wires are not perpendicular to each
other. Thus there will be in the wire QR an induced current due to the

R

W

\
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MY

g, 1

current in PS and vice versa. Similarly the currents in the horizontal
wires will induce additional currents in each other. These currents
may be called the “indirect” current components. The resultant cur-
rent in the frame will be the vector sum of the direct current due to
the wave and the indirect current due to the current in the neighboring
parallel limb of the frame.

It is therefore necessary to determine the amplitudes of and phase
differences between the indirect currents in the opposite limbs of the
frame. To do this let the current in the wire PS be I =, sin wt. Then,
if we look upon the wire PS asa tuned Hertzian oscillator, it will have
an electric moment — f7, sin wt dt, resulting in a field a distance W
away such that the electric vector E of the field is given by:

(1
FEF = Al, {H—?‘ cos (wt — a) +

2

T d—t[cos (wt — a)]

T @[cos (wt — a)]}
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(whorc A is a constant, v is the velocity of the electromagnetic waves in
rthe medium, and a=2rW/\, X being the wavelength.
Henee,

Al
E = e [a2 + (1 — a®)?]V? sin lwt = (@ — ¢ + r2))

= Eosin |wf — (a — ¢ + 72)] (1)

where
¢ =tan~' a/(1—a?) and Kqis & monotonic function of a.
This field produces a current [’ in any conductor not lving per-
ypendicular to £, and the induced current will be in phase with £ if
the conductor be tuned to the frequeney w, 27, Henee the phase differ-
ence between the current 7 in P8 and the indireet current I” produced
tin the parallel tuned conductor QR is:
—(a—¢+ 7 2).
Thus the phase differences between the direct-current component
tin the vertical wire QR and the initial current in the wire PS is 2 W
} gws y/\ or a cos y and between the indirect-current component in QR
t and the current in P8 is—(a—¢+mr/2). Similarly the corresponding
phase differences between the currents in the horizontal wires are
a’ siny and— (a’— ¢’ +7/2), respectively. Now if it be assumed that the
t amplitudes of these component currents are approximately inde-
} pendent of a or a’, then the resultant current will be a maximum when
the phase differences between its components are equal. That is,

when,
a(l £ cosy) — ¢ + /2 =0 (2a)

a’(l £siny) — ¢ +7/2 =0. (2b)
The alternative signs depend on whether the limb nearer to or remote

t from the transmitter is being considered.
It has already been shown that the amplitude of the direct com-
t ponent is independent of a (or a’) as long as the transmitter is a great
| distance from the frame, and the experimental results show that the
function E,in (1) may also be taken to be approximately independent
of a (or a’) over the range of values of W (or H) used in the experiments
described in Part I1.* Hence the solutions of (2) will give approximately
the critical values of W and H for which the frame current will be a
maximum. With the minus sign (2a) leads to a critical value of W
which was too small to be tested satisfactorily with the frame aérial
described in Part I1I. Consequently this paper will deal only with

and when, .

* This assumption has received further support from the recent paper on

_““The Xpreading of Electromagnetic Waves from a Hertzian Dipole” by J. A.

Ratcliffe, .. G. Vedy and A. F. Wilkins in the Wireless Proceedings of the
1. E. E, (London) vol. 7, No. 20, p. 71; June, (1932).
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positive values of cos v and sin v, that is, with values of v less than
90 degrees. Equations (2) reduce to the transcendental equations:

tan a(l + cosy) = (> — 1)/a (3a)
and
tan a’(1 4 siny) = (a’? = 1)/a’. (3b)

In the case when v =0 degrees and the electric vector of the wave is
parallel to IS the solutions are:

a = 2.05, 3.75, 5.3, etc,,
and

a’ = 1.45, 7.7, ete.,
leading to values of PQ (or 1) =0.33), 0.60X, 0.85\, ete., and of PS
(or H)=0.71X\, 1.22\, ete. These solutions may be determined by the
graphical method outlined in the appendix.

IR |

Hi-w— 7/4 W H

L | |
«-33X 5 8EA

Fig. 2—Two critical dimensions of a frame aérial corresponding to
optimum received current when y equals zero.

There is an ambiguity arising from the fact that the solutions in-
clude values of @ and a’ for both maximum and minimum currents, but
experiment shows that odd solutions give maximum current conditions
and even solutions give minimum current conditions.

Thus we conclude that for a tuned rectangular frame oriented in
the plane of wave propagation and with its sides parallel to the electric
vector, the received current will be a maximum when the frame has
cither of the critical shapes shown in Fig. 2, which is roughly to scale.

But these are not the only critical values for the case when vy=0
degrees, because the preliminary experiments with this value of v
indicated that current maxima occurred for any width of the frame
provided that the height was suitably adjusted. This fact can be ex-
plained by extending the foregoing theory as follows:

~ Suppose the frame width be increased so that the phase angles be-
tween the two component currents in the vertical wires be not 0 but

+y (say) then,

a(l +cosy) —op+ /2 =+ ¢ (1a)

and the new width may be considered to act as an added inductance
producing the undesirable phase lag ¢.
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If now, the height be decreased just sufficiently to produce a phase
lead of —y¢ between the component currents in the horizontal wires of
the frame, then the effect is similar to introducing a capacity of
sufficient magnitude to compensate for the inductive effect of in-
creasing the frame width. Thus,

a'(l +siny) —¢' +7/2 = -4 (4b)

rand the total “reactance” effect is the same as before but the frame
dimensions are quite different. The dimensions for different values of
-y can now he calculated from the reduced equations:

tan [a(1 4+ cosy) — ¢ = (a* — 1)/a (5a)
tan |a’(1 + siny) + ¢] = (@2 — 1)/a’. (5b)

This has been done for y =0 degrees, 15 degrees, 30 degrees, and
F4:’) degrees, and the results are shown in Fig. 3. The graphs for y =60
degrees, 75 degrees, and 90 degrees are the same as those for 30 de-
grees, 15 degrees, and 0 degrees respectively but the values of W/ and
/N are interchanged.

The cosrdinates of any point on the graphs give the frame dimen-
sions (W/X and I1/\) for which the lag (or lead) between the currents
in the sides is just compensated by the lead (or lag) between the cur-
rents in the top and bottom. Hence for these dimensions the result-
ant frame current, will be a maximum.

The two points A refer to the frames depicted in Fig. 2 for which
v =0 degrees.

Only two graphs arc shown for cach value of v beecause calculations
were not made for values of W exeeeding one wavelength, Tt follows
from these graphs that for any given frame width less than one wave-
length there are at least two heights for which the frame aérial current
will be a maximum, whilst for a width of about half a wavelength there
may he three critical heights indicated by the points B in Fig. 3.
¢ Similarly, there may be more than two eritical widths for certain values

of the height; one case, for o height of 0.8N (approximately), is shown
by the points Cin IFig. 3. '
Since both the height and the width have eritical values dependent
on the wavelength, it follows that the area of a frame for maximum cur-
rent is also critically dependent on the wavelength, By caleulating
the product, [T W/X? for various points on the graphs, it may be shown
that, the frame of maximum arca is not, necessarily that for which
1 =W. In the case of y =0 degrees, for example, the maximum values
of IITW/N* are about 024, when IT/X=0.6 and W/XN=0.4, and 0.73
“when H/A=1.22 and W/N=0.6. Fory =45 degrees the maximuin areas

) and,

o
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are 0.15\2 when H =W =0.39\, and 0.50\* when H =W =0.72\ and
the frames of maximum area are square for this value of v only. For
v =90 degrees the maximum areas are the same as those for y =0 de-
grees but the values of /1 and W are interchanged. Thus with the

-

0 0.2 o 0.6 0.8 1,0 1.2
WA

Fig. 3—Graphs showing frame dimension for which lag or lead angles between
currents in sides are compensated by corresponding lead or lag angles in top
and bottom.

smaller frames the maximum eritical areas have values of the ratio
H/W which vary from 0.6/0.4 (or 1.5) when v =0 degrees to 0.4/0.6
(or 0.66) when vy =90 degrees, while in the case of the larger frames, the
maximum critical areas have values of the ratio /W which vary from
1.22/0.6 (or 2.0) to 0.6/1.22 (or 0.5) for the same range of v.
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Thus, if the values of W and [ are such that the frame current
tends to be a maximum, (i.e., they are given by points on the graphs
of Fig. 3) then the resulting frames only have large areas when one
dimension is not greater than twice the other.

This indicates that, although the frame dimensions may be given
by points on the graphs, the resulting maximum currents will not be of
equal value, but will be largest for those frames which have the largest
areas. This was confirmed by experiment (see Fig. 10) which shows that
very flat and wide or very high and narrow frames, even when of cor-
rect critical dimensions, received much less current than those for
which the values of /7 and W were more nearly equal.

Since the values of the maximum critical areas decrease from .24\
and 0.73\2 when v =0 degrees or 90 degrees to 0.15A and 0.50\* when
v =45 degrees, it follows that, for a given wavelength, the maximum
critical area of a frame oriented with one diagonal parallel to the
eclectric vector is less than the maximum critical area of a frame
wriented with two sides parallel to the electric vector. Thus we arrive
at the unexpected conclusion that, if a frame were critically adjusted
for a wave arriving from a given direction, the signal strength should
decrease if the frame were rotated in 2ts own plane although its dimen-
sions (and arca) remained constant.

The most important of the foregoing deductions concerning a
frame with its plane parallel to the direction of propagation will now
be stated before describing the experimental work in Part I1.

The first conclusion is, that for efficient reception with a tuned
rectangular frame agrial comparable in dimensions with the length of
the wave the frame must be formatised; that is, the width W and the
height /1 of the frame must have certain critical values which depend
on cach other, on the wavelength and on the angle v between the side
of the frame and the electrie vector of the wave. The formatising con-
ditions arc given by the odd solutions of the equations:

tan |o(l + cosy) — ] = (a2 — 1)/a
and

tan |o'(1 4 siny) + \p]

(a'* — 1)/a’.

T'he sceond conclusion i, that there may be at least two formatised
frames with widths less than one wavelength.

[For an angle of incidence v equal to 0 degrees or 90 degrees the
arcas of the two hest formatised frames (i.c., frames with the largest

- eritical arcas) are 0.24M? and 0.73N%, whilst when =45 degrees the

.

critical arcas are 0.15A2 and 0.50\2.
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The third conclusion is, that the current in a formatised frame,
whether square or not, will vary as the frame rotates about an axis
perpendicular to its own plane. The current will pass through maximum
and minimum values twice in every rotation.

We may now summarize the main principle which has been de-
veloped in the foregoing discussion. In the same sense that the phase
lead due to the capacity of an oscillatory circuit may be annulled by
an equal phase lag due to the inductance of the circuit with a resulting
maximum circuit current: so a phase lead (or lag) due to the width of
a frame aérial may be annulled by an equal phase lag (or lead) due to
the height of the aérial, with a resulting maximum frame current.

To deseribe this process of adjusting the dimensions of a frame
aérial in order to obtain maximum current, it is convenient to use the
word “formatising.” We may then speak of a “tuned” and “formatised”
frame aérial or of one which has been “tuned,” but is “deformatised,”
and so on. “Formatisation” may be deined as the process of obtaining
maximum frame aérial eurrent by the adjustment of the frame dimen-
sions.

PART I
EXPERIMENTAL INVESTIGATION
By

L. S. PALMER
I.. I.. K. HoxEYBALL

Before it is possible to test the foregoing theory, three practical
problems present themselves for solution. First, it is necessary to work
with a short-wave transmitter in order that a frame comparable in
dimensions with the wavelength shall not be too unwieldy.

Second, it is desirable to be able to alter the angle v at which the
waves are incident on the frame. This might be done by moving the
oscillator round the frame keeping it in the plane of the frame, or by
rotating the frame about an axis perpendicular to its plane.

Third, the frame must be so designed that it is capable of expansion
and contraction in both dimensions.

1. THE TRANSMITTER

In order to design a transmitter to work with adequate power out-
put on wavelengths less than ten meters, it is necessary to overcome the
abnormally high losses which occur at these frequencies. This difficulty
was not serious in the present work because measurements could be
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carried out at relatively short distances. The essential factors for the
‘present purpose are that the received current shall be large enough to
actuate a vacuum thermojunction and that the distance between the
transmitter and receiving frame shall be at least several wavelengths.
The distance actually used in the majority of the measurements was
about a hundred meters.
A more serious difficulty arose from the fact that in order to get a
i large oscillatory current in the transmitter inductances it is desirable
to have a flat oscillatory circuit. The inductance must therefore be
‘small and consequently will be a poor radiator. This difficulty was
¢ largely overcome by using copper tubes for the oscillatory circuit in-

.

b:)
:
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FFig. t—-Schematic of oscillator used in experiments.

" ductances. These tubes, even when of considerable size, had sufficiently
small inductance values to keep the oscillatory circuit reasonably flat.

A modificd Hartley cireuit, was employed in which the copper tubes

were used for the plate and grid inductances. (A8 and €D in Fig. 4.)
These tubes were connected at their upper ends by two valves used in
parallel, whilst their lower ends were conneeted by a tuning con-
denser. The tubular induetances formed o frame about a meter square

+ which constituted the radiating portion of the eircuit. Suitable con-
densers and chokes confined the high-frequency currents to this radi-
ating circuit. The filament leads were passed down through the grid
tube which effectively screened them. The radiating unit, consisting
of the components shown in Fig. 4, was mounted so that it could be
¢ used on the ground or it could be elevated and rotated on the end of a
I ifteen-foot seaffold pole (Iig. 5). The power to filaments, grids, and
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plates was supplied by four land lines which approached the radiating
circuit on the side remote from the receiving frame. No reradiation
could be deteeted from these lines. It was found that the elevation of
the oscillator was of no use for altering the angle v because the receiv-
ing frame was close to the ground where the wave was found to be
elliptically polarized and practically independent of the elevation of
{he oscillator. The effect, of this peculiarity of the field is considered
helow when discussing the experimental results.

f

Fig. 5—View of short-wave transmitter used in experiments.

The wavelength range of the oscillator was from 7.54 to 8.80
meters. These wavelengths were checked by measuring the position
of potential nodes and antinodes on Lecher wires. _

2. Tue Recriving Fraare

The receiving frame was arranged to hang between two sixty-foot
scaffold poles which were erected in an open field at a distance apart
of thirty feet. The top and bottom wires of the frame were horizontal
and the sides vertical. In order to change the dimensions readily the
following arrangement was devised. The frame was made of two lengths
of bare flexible stranded copper wire. The longer section ran from D
to C via A and B (Figs. 6 and 7) and the shorter wire stretched directly
from D to C. The longer wire could be wound on two large metal pul-
leys at C and D. A and B were bent tubular insulators through which
the longer wire could easily slide. These insulating tubes were fixed
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on hoards about a foot square which ran on wheels along the beam FF.
Thev were controlled by an endless cord which enabled them to he
tmoved apart or together after the manner of a stage curtain. The beam

¢
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Fig. 6—View of adjustabte frame aerial used for receiving.
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Fig. 7—Mechanical arrangement of adjustable frame aerial.

was supported by ropes running over pulleys at G and /. The motion
of the beam up and down enabled the height of the frame to be altered
at will. D and C could be moved along the fixed beam IJ so as to be
vertically below 4 and B, respectively. In this way the width of the
frame was made to vary. In order to adjust the length of wires required
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for a frame of given dimensions, the metal pulleys D and C were
fastened to other wooden pulleys round which a cord was wound in the
reverse direction to the wire on the metal pulleys. These cords passed
over other pulleys at ¢ and I and heavy lead weights K were sus-
pended from their running ends. (Visible in Fig. 6.) Thus as the frame
was expanded, wire unwound from the metal pulleys D and C whilst
cord was wound on the wooden pulleys and the lead weights rose. When
the frame was contracted the fall of the weights automatically un-
wound the cord and wound up the unwanted wire. As the wire was
hare and the pulleys were of metal the unused wire was automatically
shorted. Separate spring pulleys at D and automatically adjusted
the length of the short horizontal wire forming the bottom member of
the frame. These spring pulleys were mounted on the same boards as

=

e

Fig. s—Electrical circuit of adjustable frame aérial.

those controlling the longer wire and were eleetrically connected to
them by rubbing contacts on the axles.

The scaffold poles and horizontal beams were painted with metric
scales from which the frame dimensions could be read.

In order to tune so large an inductance to the short waves it was
necessary to shunt the frame with a short piece of copper strip.
Across this a condenser, reading up to 0.0005 uf, was connected. To read
the current a vacuum thermojunction and microammeter were inserted
at 4 (Fig. 8). This method of tuning ensures that the variation of
frame dimensions changes the total circuit inductance by an almost
negligible amount, because the inductance of even the smallest frame
is very much bigger than that of the copper strip with which it is in
parallel.

3. C'ONDITIONS OF EXPERIMENT
It was intended to carry out measurements with the plane of the

aérial parallel to the direction of propagation. With the previous ex-
periments on Hertzian antennas® it was found that this condition was

2 1,. S. Palmer and L. L. Honeyball, “The action of a reflecting antenna.’
Jour. I.E.E. (London), vol. 67, p. 1045; August, (1929).
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not easily fulfilled and although the oscillator and antennas were cor-
i rectly oriented geometrically, the presence of a metal pipe line and a
y wire fence appreciably deviated the waves. Because of this difficulty,
[ the present site was more carefully selected. A small portable tuned
i frame with both vacuum thermojunction and ammeter as well as
i rectifier and headphones was carried round on a pole and the lines of
the magnetic component of the radiated field in the neighborhood of the
. receiving frame were plotted by noticing, with a compass, the orienta-
{ tion of the portable frame for minimum signal strength. In this way
the oscillator was so placed that the magnetic component of its field
was everywhere perpendicular to the line joining the two scaffold poles.
An attempt was next made to determine the angle v by using a tilt-
( ing acrial method similar to that used by Smith-Rose and Barfield ® A
tuned Hertzian rod oscillator was pivoted about an axis perpendicular
{o the plane of the frame and rotated until the received current
(measured by a vacuum thermojunction and ammeter) was a mini-
pumn. This minimum was far from zero in spite of the insertion of a
high-frequency rejector cireuit and the carcful sereening of the leads
to the ammeter. 11 was therefore concluded that there was an appreci-
} able horizontal component to the clectrie veetor of the wave. This was
to bhe expeeted, becanse, unfortunately, the frame had to be placed
fairly close to the ground which is not a perfeet, conductor. If we take
Smith-Rose and MePetrie's reeent, value? for the conductivity of the
carth at these frequencies, it is easy (o caleulate (see below) the ratio
of £y, the horizontal component to I¢y, the vertieal component, of the
clectrie veetor of the wave. Taking the conduetivity to be 109 es.u. and
the frequency to be 1.107 eyeles per second, the value of ly/ly is
found 1o be 12.5 per cent. As the exact value is not of immediate
moment from the present standpoint, the measurements with the tilt-
ing acrial are not being pursued further until the main investigation
with the expanding frame is completed. The effect of this elliptical
ficld on the frame aérial measurcments is shown in the results given
below.
A, lxreraMeNTAL Risunrs

Measurements were made on 7.54, 865, and 8.80 meters. The
procedure adopted was to raise the horizontal beam to the top of the
seaffold poles and to take a series of current, readings as the width of

s 1. 1L, Smith-Rose and 16 T Barfield, “On the determination of the diree-
tions of the forees in wireloss waves ot the enrth's surfnee,” Proc. Roy. Soc.,
vol. TOTA. p. H87, (1925),

g R, L. Smith-Rose nnd Jo 8. MePetrie, “The attenuntion of ultra-short
rudio waves due to the resistance of the enrth,” Proc. Phys. Soc. (London),
vol. 43, pt. 5, p. 502, (1931).
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the frame was gradually deereased and then gradually inereased. This
was then repeated for a smaller height, and so on, till the moving beam
was less than a meter above the fixed one. On one or two occasions the
width was fixed and the horizontal beam continuously moved. The
two methods gave results in complete agreement (See Iig. 9); and
henee, as the second method necessitated two assistants, the first
method was usually adopted. Operators standing still close to the
seaffold poles did not affect the readings. But a six-foot man is a serious
absorber of energy at these wavelengths; and, although it was not
found necessary to lic down and read the ammeter with a periscopic
arrangement of mirrors as was done with the previous work on Hert-
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Fig. 9—Variation of received ecurrent with dimension of frame aerial (In one
case H is kept at 3 meters while W is varied as indicated. In the other case W
is kept at 4 meters while I/ is varied.)
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H =3 meters— O
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zian antennas, it was found desirable to remain crouched in one fixed
position in order to ensure that bodily movements did not cause eur-
rent variations. I2ven with all reasonable precautions the exact values
of the actual peak currents are not reliable, but this lack of reliability
does not apply to the positions of the peaks with respect to the frame
dimensions, and these are the important data from the present point
of view.

Current readings were plotted against W for a given value of [1.
The full line graph in Fig. 9 shows the type of eurve obtained by vary-
ing the width for a given height of 3 meters, whilst the dotted curve is
that obtained by keeping the width constant at 4 meters and gradually
changing the height by moving the horizontal beam. The points .1 on
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i the two curves refer to frames of the same dimensions and it is seen
} that the two current values are identieal. Fig. 10 shows a typical set
l of curves for values of /I varying from 1.0 to 8.0 meters. The chief
§ points to notice from this figure are:
(1) Two peak currents oceur, in general, within a width of one wave-
length for each value of /7;
(2) The positions of the peaks move towards higher values of W
as I gets smaller.
(3) the largest peak currents oceur for values of W and /I which do
i not differ greatly from each other. That is, the small peak values are
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Fig. 10—Variation of received current with width (W) of frame acrial.
A =8.65 meters. o
Numbers on curves indicate values of 1/

associated with cither very tall and narrow, or very flat and wide
frames.

The first point is a confirmation of the deduction already made
from Fig. 3. For example, Fig. 2 depicts two theoretically proportioned
frames to which the curve for // =5 meters (or 0.6A approximately)
in Fig. 10 closely corresponds. The theoretical position of. the peaks is
0.33\ and 0.85\, that is about 2.9 and 7.4 meters if v =0. But the
theoretical height for these widths is 0.7IN or about 6 meters. This
discrepancy in the calculated and observed heights is due to the fact
that v was not equal to zero but was about 8 degrees when the meas-
urements were made. This will be referred to again later, and is also

" apparent by reference to the points A" on the dotted curves in Fig. 3.
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The second point indicates that the positions of the peak currents
are varying at least approximately in the manner predicted by the
foregoing theory, and it remains to see whether they do actually lie
on one or other of the theoretical curves drawn in Fig. 3. By taking
the positions of the peaks from graphs such as those in Fig. 10, and
plotting the values of /7/\ against W/X the points were all found to
lie as shown in Fig. 11, and not to coincide with any one of the theo-
retical curves of Fig. 3. If we now place a trace of Fig. 3 on I'ig. 11 we
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Fig. 11-—Comparison of experimental points with calculated curves for various
_ ratios of height (/) and width (W).
o points from Fig. 10. A =8.65 meters.
 points from experiments on A =X.80 meters.
x points from Fig. 9. A =7.54 meters.

find the unexpected result that all the experimental points lie close to
the envelope of the theoretical curves. To facilitate this comparison the
relevant theoretical curves have been redrawn in Fig. 11. The explana-
tion of this seems to be as follows: The wave was found to be ellip-
tically polarized; hence there will always be some component of the
electric vector for which v =0 degrees, some component for which
v =90 degrees, and some component for all the intermediate values of
v. With a very tall narrow frame as indicated by the point A in I'ig. 11,
the horizontal component of the electric vector will be practically
negligible in its effect on the very short horizontal wires, whilst the
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vertical component will readily influence the long vertieal sides of the
frame. Henee point .1 lies near the graph for ¥y =0 degrees. A similar
argument for a flat wide frame leads to the conelusion that the horizon-
{al component is alone operative and henee point B (for which /X
> 11 /\) lies near the graph fory =90 degrees.

The frames of more equal dimensions will be affected by both com-
ponents and henee will have peak current positions on the theoretical

graphs for intermediate values of v.
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Fig. 12—\Variation of received current with frame height for formatised frames
of a given area.
Figures on curves indicates values of area in square meters. A =%.65 meters.

In view of the very great difficulties of the experiments it is thought
that the greater divergence between the experimental points for the
larger frame arcas and the theoretical curves is due to some error of
measurement peculiar to the larger frames. This error has not been
definitely located, but may be due partly to the greater sag in the top
horizontal wire when the frame is wide. Correcting this would tend to
raise the lower points on the graph, but this defect would not account
for the low value of the points for which /N is small, The discrepancy
does not seem to be of sufficient magnitude to affect the validity of the
general theory of the action of a frame aérial which has been discussed
in Part I.
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The third conclusion (from the graphs of Fig. 10) namely, that the
largest currents were produced in those frames which had dimensions
not greatly different from each other has already been deduced on page
1351. when discussing Fig. 3. It was there pointed out that a properly
formatised frame may have a large or a small area resulting in a large or
a small optimum current, and that the large area frames were those
with dimensions comparable in magnitude.

120

MAX IMIM CURRENT (N MILLIAMPERES

701
60 :
A 4 ——
10 12 1% 1% 18 20 SQUARE METERS
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Fig. 13—Variation of received current with area for optimum
ratios of width to height.
A =8.65 meters.

A fourth but less obvious conclusion ean be deduced from Fig. 10
by tabulating the current values for frames of the same area but of dif-
ferent dimensions. The necessary data can be obtained by considering
a given area (say 10, 12, 14 square meters, ete.) and calculating the
value of W for the different heights H at which the curves of Fig. 10
were obtained. Then from the graph corresponding to a particular value
of H the current value for the appropriate width can be read. This pro-
cedure can be repeated for the several selected areas. The data so ob-
tained from the graphs of Fig. 10 are recorded in Table I, and the re-
sulting curves of I'ig. 12 show how the current varies as 1 frame of given
fixed area changes its shape. From Fig. 12 we see that there are opti-
mum dimensions for each area and that there is one particular area
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TARLE 1
Area in ‘
Square 10 12 14 16 IS 20
Meters !
. - - [ — = e |
o Cur- o Cur- o Cur- o Cur- . Cur- . Cur-
H Meters s rent b rent ‘ I rent i rent i rent i rent
caleu- [ ]vnlvu- f raleu f cu- g raleu- f calcu- f
lated [ X Flated [ITOM L ated rom G ed [ATOM [ ated 1ITO™ F lated | rom
Fig. 10 Fig. 10 Iig. 10 Fig. 10 Fig. 10 Fig. 10
1 10,0 -— 12.0 -— 14.0 _— 16.0 _ 18,0 = 20.0 ' -
& a0 44 [N Y] [} 7.0 h2 8.0 24 0.0 — 10,0 | —
o3 3.3 S22 4.0 03 4.7 i 5.8 108 6.0 78 6.7 | A2
i ) 7 3.0 91 3.5 103 4.0 103 4.0 W 5.0 | 76
N 2.0 TS 2.4 wH 2.8 HA 3.2 A 3.6 T4 4.0 68
th 1.7 hH2 2.0 ‘ o 2.3 $2 2.7 4N 3.0 40 3.3 B3
7 1.4 Ril 1.7+ 4S 2.0 1 41 2.3 32 2.6 20 2.4 20
N 1as o bons ] boamap e | o2le N b 2y e |22

which is better for reception (when of the optimum dimensions) than
any smaller or larger area. Thix is more clearly shown by plotting the
maximum possible currents (i.e., the peak values of the curves in Fig.
12) against the corresponding areas. The result is shown in Fig. 13
where the peak oceurs for an area if about 0.21 8 (or 15,5 sqquare meters
Jor A =8.65 meters). The foregoing theory predicted a value lying be-
tween 0.15 A2 and 0.24 X* depending on the value of the angle v. If the
theory be correet then we may conclude that the value of 0.21 \? corre-
sponds to an angle ¥ of about 8 degrees. This, therefore, would be ap-
proximately the slope of the major axis of the elliptical electric field,
and from this angle we may caleulate the conductivity o of the ground
in the neighborhood of the aérial.
By modifying a formula due to Zenneck, the conductivity
o =f/4 tan*y where f i the frequency of the wave.? For a wavelength of
865 meters o =3.10°/4.8 65 tan*8° = 4-4.10%e.s.u. During these experi-
ments the ground was wet and marshy. We may also determine the
ratio of the horizontal to the vertical components of the electric vector.
This is given approximately by the formula

IL‘//‘«/EV =\ /f/ 20

and for the data given above equals 14 per cent.

These values, from the nature of the very indirect way in which they
have been obtained, cannot have any claim to great accuracy. But
they agree fairly well with the lowest of the recent values obtained by
Smith-Rose and MecPetrie, and therefore give further support to the
foregoing theory of the action of a frame aérial upon which the above
caleulation of the slope of the major axis of the elliptical field depends.

The deduction that ¥ was about 8 degrees when these experiments
were performed seems to be confirmed by the appearance of a subsid-

3 Loc. cul., p. 590.
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iary peak on the curve for H=7 in Fig. 10. Since A=8.65 meters,
H/Xx=0.81, and by reference to the dotted portion of Fig. 3 it can be
seen that subsidiary peaks mayv be expected at this value of H/\ if v
lies between 0 and 15 degrees. These subsidiary peaks are indicated
by the points C, the second and third of which correspond roughly with
the positions of the pe:itks shown on the curve for H =7 in Fig. 10. Un-
fortunately it was not possible with the frame in use to determine
whether a peak corresponding to the first point C was present or not.

In view of the fact that the occurrence of this subsidiary peak is a
crucial test of the foregoing theorv, a separate series of measurements
was undertaken to verifv its presence on other wavelengths. These
measurements were made in dry summer weather and the peak was
again found but was most marked for values of ///\ equal to 0.78
indicating a slightly greater value of ¥ and a consequent decrease in
conductivity

CoxcLusiox

1. It appears that the resonant current which cireulates in a tuned
frame aérial under the influence of an electromagnetic wave is not
necessarily the maximum current that can be produced by the incident
wave. By formatising the frame the current may be increased to a verv
much larger value.

2. The conditions for formatising a tuned frame lying in the plane
of wave propogation are given by the odd solutions of the equations:

tan [a(l 4+ cos ¥y | ' — 1) a

tan [a’(1 4+ siny) + ¢ = (2 — 1) ’a
where
a =27 X\, - 2l A

and ¢ is any arbitrary phase angle.

3. The maximum areas of a tuned formatised frame vary from (0.15\2
and 050N when y =145 degrees to 02422 and 0.73)\2 when =0 de-
grees or 90 degrees.

APPLNDIX

This appendix is based on a mechanical graph for solving the
transcendental equations which determine the formatising conditions.
In order to obtain the curves of Fig 3 it is neces-sar\' to solve equa-
tions (5) for dlftelent values of Y. Lach value of ¢ fixes one point on a
curve and each curve is determined by the pmhcuLu value of v. The

values of a (and hence W/\) are given by the points of intersection of
the graphs:

y =1 = 1) aand y = tan [a(1 4 cosy A

o
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whilst the values of @’ (and henee 11/X) are given by the points of inter-
seetion of

y' = (a’t — D/a’ and y' = tan la’(1 + siny) + vl

To solve these equations the graph y=(a*—1)/a, or the similar
graph for ', was plotted on a large sheet of squared paper and the
axis of abscissas was raised about one sixteenth of an inch above the
surface of the paper by fixing a thin strip of metal along the axis so
that it stood perpendicular to the plane of the paper. Along this ledge
eardboard templates (e.g., 1, 2, and 3 in Fig. 14) were slid along. These

y&vy

a & a'

-y & —y"
Iig. 14—Mechanical graph for solving transcendental equation.

templates were cut with one edge shaped according to the graphs of
the equations y =tan a(14cos v) and y' =tan a’(1+sin v) for different
values of y. The points marked .1 on the raised axis fix the positions
of the templates for different values of ¥ and these positions were cal-
culated from the equationsa= (nm+y)/(1+ cosy)or(nm—y)/(1+siny).
It is readily scen that these equations give the values of @ and a’ for
which y and y' equal zero, respectively.

The required value of a (or «’) is then read off from the point where
the template cuts the curve drawn on the paper. There may be more
than one solution as is shown by the two points where template 1 cuts
the curve. Values of ¢ and @’ less than unity are obtained by reversing
the appropriate template as shown in position 2.
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WAVELENGTH CHARACTERISTICS OF COUPLED CIRCUITS
HAVING DISTRIBUTED CONSTANTS*

By

Ro~oLp Kixg
(Electrical Engineering Department, University of Wisconsin, Madison, Wisconsin)

Summary- The vavelength characteristics of a simple circuit and of a coupled
circutt regeneralive oscillalor having distributed ctrcuit constants are derived for the
case of small resistance and compared with erperimental resulls. A comparison is
made with analogous characteristics of circuits with lumped constants and of the
electron oscillator.

VHE frequency characteristies of the simpler circuits involving
lumped inductances, capacitances, resistances, and negative re-
sistances are well known from both theoretical and experimental

investigations. In general, such studies have been limited to frequencies
for which interelectrode capacitances of vacuum tubes play no vital
part, although more complete researches treating these capacitances
have also been made. With the discovery by Barkhausen and Kurz in
1919 of the electron oscillator generating ultra-radio frequencies of
wavelengths measured in the small tens of centimeters, an entirely new
field was opened. At such tremendously high frequencies ordinary con-
densers and coils lose their significance as capacitances and induc-
tances, and hence as tuning devices. Here it becomes a question of
utilizing the distributed capacitance and inductance of suitably ar-
ranged systems of parallel conductors of variable length. With the
successful transmission of modulated carrier waves of wavelength in
the neighborhood of half a meter accomplished both in this country
and abroad, and the interesting possibilities arising from the peculiar
properties of such short waves accumulating, it certainly seems in
place to investigate theoretically the circuits involved.

In developing new theory, however, it is not sufficient merely to
examine certain phenomena; it is also desirable to correlate the results
obtained and the methods used with other, similar studies. In this
paper it 1s proposed to analyze theoretically in considerable detail the
wavelength characteristics of simple and coupled vacuum tube circuits
having distributed constants, and in this way to extend the interpre-
tation of experimental results presented in an earlier paper.! The char-

* Pecimal classification: R140. Original manuscript received by the Insti-
‘t)l:)tel,qggptember 4, 1931; revised manusecript received by the Institute, April
' R. King, Ann.d. Phys., Band 5, Folge 7, p. 805, (1930).
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acteristics so obtained will be briefly compared with corresponding
ones for circuits with lumped constants as deseribed by Ollendorff.? The
analogy thus exhibited will then be extended to include the clectron
oscillator in the hope of grouping these three related types of triode
oseillatory circuits under the same fundamental theory. With regard
to the electron oscillator, reference will be made primarily to the
theoretical analysis of Wundt3 and the experimental data of Hollmann.*

Part I. CirculT ANALYSIS

The circuit under consideration is shown in Fig. l1a. It consists of
a triode (201-A) and two parallel conductors connected, respectively,
to the grid and plate of the tube at one end and bridged by a conducting
bridge BB’ at any arbitrary point. The length from the bridge BB’ to
the end EE'is variable. This will be designated as the secondary, while

PRIMARY  ©  SECONDARY
éB £
PLATE S—
N
"-,"T l .
e
GRID é"' I
_________ g 3
[
— B e

ECHIVALENT LENGIH

Fig. 1—Actual and idealized triode oscillatory circuit including an open-end
variable secondary with distributed constants.

the length from the bridge to and including the triode will be called
the primary. The end K’ may be either open or bridged by a con-
ductor. The analysis will be carried through first for the case of an
open end and then outlined for the bridged end.

An attempt to set up complete differential equations for the circuit
exactly as shown leads to complications on account of the triode in-
ctuded in the primary. In order to simplify the problem it is found con-
venient to divide the analysis into several parts, as follows: 1. A simple
cireuit eonsisting of a triode and two parallel conductors bridged at the
end remote from the vacuum tube is first considered. This is essentially
the circuit of Fig. 1a, but without the secondary. 2. From simplifica-
tions suggested by this analysis, the complete circuit including the
sccondary is treated under the assumption that the parallel conductors

2 . Ollendorff, “Grundlagen der Hochfrequenztechnik,” p. 391, published by
Julius Springer, (1926).

3 R. Wundt, Zeil. fir Hochfrequenz, vol. 36, p. 133; October, (1930).

¢ 11 . Hollmann, Ann. d. Phys., vol. 86, p. 129, (1928); Zeit. fir Hochfre-
quenz, vol. 33, p. 128, (1929).
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have distributed constants of such relative values that resistance and
leakance are both small compared with inductive and capacitive re-
actance. 3. By graphical methods the wavelength characteristics of
the circuit for different lengths of the secondary and a fixed primary
are plotted. From values obtained from these characteristics, damping
curves are computed. 4. By introdueing a negative resistance into the
primary, a family of excitation curves is derived. I'rom the three sets
of characteristics thus obtained, viz., the wavelength charuacteristics,
the damping curves, and the excitation curves, the behavior of the
circuit is completely determined within the limits of the imposed con-
ditions and assumptions. Interpretation of these curves and applica-
tion to type examples is carried out under 3; the analysis is extended
to the case with a bridged end under 6.

1. Wavelength characteristics of the simple regenerative circuit
having distributed line constants.

) G
[ — -
1 | ~
Grigdy AR
-4 S F
Ca)/ \
[ s - Meg
E’ p< R
R

Fig. 2= -Schematic circuit diagram of the simple oscillator

In working with triode amplifiers it is necessary to limit rhe opera-
ting range to the straight-line part of the plate-current grid-voltage
characteristic. In the case of oscillators this is not possible since it is
precisely the upper and lower curvature in the characteristic which
limits the range of operation by decreasing the negative resistance as
the amplitude of oscillation becomes suthciently large. It is, however,
possible to treat the characteristics as a family of parallel straight lines
extending between horizontally drawn upper and lower limits.> With
this approximation the negative resistance introduced in the circuit by
the tube is, in effect, assumed constant over the entire interval and
then considered abruptly reduced to zero at the limits of operation.
The approximation is thus inexact only to the extent of neglecting the
gradual curving of the characteristics at the upper and lower extremi-
ties. Under this assumption it is possible, just as in the case of the am-
plifier, to regard the characteristics as linear and use only first order
terms.

s Cf. Gutton, “La Lampe a trois Electrodes,” chap. I11; p. 67.
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The circuit under consideration in this section may be represented
schematically as in Fig. 2. B and B'P are the parallel conductors; BB’
is a conducting bridge permanently fixed at their extremities; a, P,
and F are, respectively, the triode grid, plate, and filament. The inter-
electrode capacitances, the internal plate resistance [, and the ficti-
tious generator ue, are represented in the customary way.*

Denoting the impedance between (P taken around the distributed
cirenit by Z’, the following equations may be written. I'or convenience
the abbreviation p=jw is used.

2+ (o — 1)/ pCy = 0 (1)
ia/pCs + R (e — 13) — (31 — 12)/pCi + pey, = 0 (2)
13/ pCs — Rp(1y — 13) — pe, =0 (3)
e, = — 12/pCh. (4)
The following determinant may then be written:
724+ 1/pCy - 1/pC, 0
Dp)y =1 —1/pCi 1/pCo+ R, 4+ 1/pCy — p/pCe - R, ()
0 — R, 4+ u/pCe R, + 1/pCs

Isxpanding and equating this determinant to zero gives the simplified
expression:

PR OA A+ p(Z'B 4 R+ (1 —p) =0 (6)
where,
A = ((}1(/12 + Cz(/v:; + (;1(/’3)

B =Cy 4+ Ci(1 — p)
= Cy+ Cy

Before attempting to solve this equation it is necessary to evaluate
the impedance Z’ in terms of the distributed constants of the parallel
conductors. Following Cohen,” the current at any point & of a parallel
line system of length s and bridged at the end «=s, is given hy:

~ ENp F g/c cosh K(s — )
[ = ——=-= cee— — (7)
lon/p + /1 sinh K

where,
v = 1/l
K = (p 4 g/c)p + /1)
I7 is the voltage impressed at o =0

% See for example van der Bijl, “Thermionic Vacuum Tube,” MeGraw-11ill.
7 1. Cohen, “Ileaviside’s Klectrical Circuit Theory,” MeGraw-Hill (1928).



1372 King: Wavelength Characteristics of (‘oupled ('ircuits

and r, g, [, and ¢ are, respectively, resistance, leakance, inductance, and
capacitance per loop unit length of the parallel conductors.

Assuming that w/>>r and we>>g, and remembering that p=jw, it is
clear that (p+g/¢)=(p+r 1) =Kv. The impedance Z’'=F /1, is, then,

7" = lv tanh (Ks) (R)
Z" = lv tanh (a + 78)s )

or,

where now,
K = a + j8 where a = r/lv, and g = w/v.

In this preliminary analysis it is sufficiently exaet to neglect the
resistance of the parallel conductors entirely, thus simplifying (9) o
read: ‘

Z' = jlv tan (ws/v). (10)

Substituting this value of Z”in (6) and writing jw for p throughout, the

following pair of equations, corresponding to the real and imaginary
parts, i1s obtained:

— wlvB tan (ws/v) + (1 — p) =0 (11a)

— JwlvR,A tan (ws/v) + jwR,F = 0. (11b)

Either equation yields the same result if the defining relation of u, viz.,

u=—C, Cyis remembered. Solving (11) for w gives:
w tan (ws/v) = F/Alv = 1/lC, (12)

with the quantity /4 a reciprocal capacity, denoted hy 1/(,.

In order to obtain a simple picture of the wavelength characteristic
of the circuit, it is convenient to consider the two limiting cases: 1. s is
so long that the lumped capacitance term (7, is negligibly small com-
pared with the total distributed eapacitance sc; 2. s isso short that se
is negligibly small compared with ',

Case 1.
Setting €, =0, since it is to be negleeted compared with se, gives:
tan (ws/v) = 2, or ws/v = nw/2; n=12, - (12a)
then, from the relation wh =2m¢
A = 4s/n. (12b)
Case ..

Taking s very short, tan (ws/v) = ws/v, so that

w?> = 1/Cls, or N\ = sC,/4ir2c. (12¢)
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It is thus evident that for short lengths s of the parallel conductors,
the square of the wavelength generated is proportional to s, while for
extremely long lengths the wavelength varies directly as s. The lower
curve of Fig. 3 shows an experimentally determined calibration curve
for the circuit under consideration. It clearly agrees with the above
derived theory.

If the straight-line part of such a calibration curve carried to still
greater values of s be imagined projected back to intersect the negative
s-axis (\=0) at a point s,, then the length s; may be called the limiting
equivalent length of the triode. This length may be directly calculated
from the known interelectrode capacitances of the thermionic tube, in
this case a 201-A, and the readily evaluated distributed capacitance of
the parallel conductors.

"
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Fig. 3—Actual and idealized calibration curves of the simple oscillator.

Thus, suppose the triode corresponds to a lumped eapacitanee Cy
conneeted across the end s=0 of a pair of parallel wires. Let the dis-
tance from this end to the bridge BB’, the current loop, be denoted by
s’. The relation between this length and the Tumped capacitance €y
is given by Hund* to be:

(,'0/(; = (cot [38/)/[3

where ¢ is the eapacitance per loop unit fength of the parallel conduce-
tors. This expression may be written as follows,

Co/c = (tan Bsy)/B

with ;= (A\/4 —s’) = the equivalent length of the capacitance Cy. This
relation follows at once from the fact that for Cy=0, the first equation
above reduces to (12a) giving s/ =X/t Henee (A /4 —5") must be the
shortening from the ideal extension effeeted by the capacitance .
Since it is desired to obtain the limiting equivalent length of (7 as the
length s” and with it the natural wavelength of the circuit hecome
larger and larger, it is clear that s;,<<X so that,

8 A. HHund, Scientific Paper of the Bureau of Standurds, No. 491, page 536,
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tan Bs, = tan (2ms;/N) = gs;

and hence
s1 = Cy/c.

This expression, then, gives the limiting equivalent length s, of the ef-
fective capacitance (', of the triode.

An approximate numerical calculation for the circuit constants
and triode constants of the oscillator for which the calibration curve
of Fig. 3 was plotted, gives”:

o= Cpp + CoiCop (Cop + Cyp) = 11 X 1071 F.
= 0.0%1 X 10712 F.
s, = 136 cm .

Inasmuch as the oscillating circuit has one open end and one
bridged end, the total length for a purely linear relation between s and
X should be a quarter wavelength, s,"=X 4. Plotting s,”=X/4 from the
point s; = — 136 as origin gives the straight-line curve shown in Fig. 3.
It i= clear that the experimental curve approaches this asymptotically
as s becomes larger and larger in accordance with the prediction of the
theory.

On the basis of this analysis the assumption will now be made that
the primary cireuit of Fig. 1a may be idealized into two parallel con-
ductors of length equal to the equivalent length of the triode plus the
actual length of parallel conduetors attached. This is indicated in Tig.
1b. By equivalent length of the triode is meant that length of parallel
conductors which must be added to the obvious primary to make the
combined length one-quarter of the wavelength generated. Thus for
a generated wavelength of four meters, the calibration curve of Fig. 3
indicates an actual primary length of 20 em. The quarter wavelength
is one meter, so that the equivalent length of the triode must be 80 cmy;
the ideal calibration curve for this value is shown by the dotted line.
In the limit as the length of the actual primary is increased more and
more and the generated wavelength becomes greater and greater, the
actual calibration curve approaches the limiting asyvimptote. The limit-
ing value of the equivalent length of the triode is, then, the length
00’ = 136 em as obtained above.

2. Analysis of the idealized two-cireuit oscillator having distributed
constants.
9 (Constants for 201-A tube are taken from p. 197, Peters, “Thermionic

Vacuum Tube Circuits.” The formula for the capacitance of two parallel con-
ductors was taken from Circular 74, Bureau of Standards.
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Assuming, on the hasis of the foregoing discussion, that the primary
may be approximately represented by two parallel conduectors of
length equal to the equivalent fength of the triode plus the length of
conductors actuatly forming the obvious primary, the cireuit to be
analyvzed is that of Fig Ih

The general expression for the current at any point a distance r
from an applicd voltage at o =01ina pair of uniform parallel conduetors
of total length < and open at the end r=xix

. 1N F—}——g}_/r sinh KN(s — 1)
= e e — (13)
lex p 4 r 1 cosh Ks

with the symbols meaning the same ax hefore. In the idealized circuit
under consideration the applied voltage for each end; ie., for primary
and sccondary, is the voltage aeross the bridge BB’: it being tacitly
assumed that the two branches reaet upon each other only through the
bridge. Let the bridge BB’ be taken as the origin of two systems of
coordinates, r;=x:=0, with the subscripts referring respectively to
primary and secondary, and both distances measured in opposite di-
rections from BE’. Let the resistance of the bridge be negligible; let its
inductance be M. Then the voltage across the bridge is E=pM@io—
isa). The first subscript here refers to the circuit, the second to the
value of r at which the current is taken.

Rubstituting this value of E in (13) written for each circuit with
1 =rp=0, gives, again assuming (p+g/c) = (p+r/D=Kr:

o= (pM/lr)(tanh Ksi) (i = i20) (14a)
i, = — (pM/lv)(tanh Ks:)(iio — t20) - (14b)

Eliminating the currents by subtraction leaves
lo'pM = tanh Ks + tanh Ks.. (15)

Making use of notation already introduced and the relation M/l=k,
the above equation reads,
1/j8k = tanh (a + jB)s1 + tanh (a + j3)s:. (16)
Separating the real and imaginary parts of the hyperbolic tangents
gives:
1 tanh (as)) + jtan (Bs1) tanh (asy) + jtan (3sq)
jBk 1 + jtanh (as) tan (Bs1) 1+ jtanh (as)) tan (Bs2)

(17)

Qince the resistance is assumed small, terms of higher order than
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the first in @ may be neglected. Omitting these, separating real and
imaginary terms, and simplifying, leaves two expressions as follows:

| Bk = tan @s; 4+ tan Bs» (18)
B tanh as; _ (c_()s_,(?s})f (19)
tanh aso cos Bse

These are the two fundamental equations from which the required
characteristies mayv be evaluated.

3. Wavelength characteristies and damping curves.

Equation (18) involves only the propagation constant 3 as a funec-
tion of the length (s;) of the secondary; the primary being held fixed at
2 length arbitrarily chosen as unity (s;=1). A somewhat laborious
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Fig. Theoretical wavelength characteristics (solid lines), damping ecurves

(dashed lines), and excitation curves (dotted lines), of the idealized coupled
circuit oscillator with an open-end secondarv. The curves are for & =0.1,
The ordinates for the damping and excitation curves are not given on the
figure; they are the same for both sets of curves, and are equal to (V —7) 'rs»
in which N, the negative resistance, is the variable parameter.

graphical solution of (18) involves the following steps.!® Selecting a
sufficiently large scale, the curve y=tangs, is plotted with 8 as abeissa.
For a given value of the coefficient & the curve y= —1/8k is plotted.
Then, for a series of suitably chosen values of s, a family of curves y =
tangs, is plotted. The intersections between —1/8k and the sum y=
tanfBs:+tanBs; determine B as a function of s,. A curve so evaluated
and using in addition the relation A =27 /8 is shown in Fig. 4 (solid
lines). Here A /4 is the ordinate and s, the abscissa; k is conveniently
chosen as 0.1.

The damping curves are readily evaluated from (19) and the

!¢ This is more fully described for the parallel case with a bridged end in
conjunction with equation (22a).
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values of B obtained from the wavelength characteristic just de-
seribed. The ratio —tanh as;/tanh as; plotted as ordinate against s,
(again for s;=1) gives the damping curves for the corresponding
branches of the wavelength characteristic. They are shown in dashed
lines in Fig. 4.

4. The primary negative resitance.

Up to this point the circuit has been analyzed on the assumption
that primary and sceondary each consist merely of lengths s, and s, of
parallel conductors coupled by an inductive bridge BB’. No mention
has been made of an energy supplying device. This procedure is con-
sistent with the customary practice used in determining the vibration
moduli of cireuits, and is correct provided the frequency is indeed com-
pletely independent of the source of energy. Since the above analysis
has taken into account the interelectrode capacities of the triode, which
in this case supplies the energy, and since in the regenerative hook-up
here used the vacuum tube may be regarded as a pure negative resist-
ance which does not, within the approximations here made at least,
affect the frequency prescribed by the circuit constants, the above
procedure is justified.!! »

Before the frequency or wavelength characteristic of the circuit
can be completely specified, it is necessary to take into account the
negative resistance introduced into the primary by the triode. The
exaet formula for this negative resistance is, for present purposes, im-
material. And since a complete solution of (6) including the distributed
resistance of the parallel conductors, (this was neglected in obtaining
(11) from (6)), leads to a complicated cubic involving hyperbolic func-
tions, it will not be carried out. A general notion of the type of term
involved may he gained, however, by assuming Z’in (6) a pure resist-
ance. By equating the cocfficient of the first power term in p to zero,
the negative resistance is at once obtained.

The primary has already been assumed idealized into two parallel
conductors by the introduction of the concept of equivalent length. It
is, therefore, not inconsistent, and mathematically very convenient to
assume the negative resistance likewise linearly distributed over this
fictitious extension. Morcover, and as has already heen stated in con-
junction with the limits of operation, the negative resistance will be
assumed constant over the entire range. If, therefore, N be defined as
the negative resistance introduced by the triode into the primary per
loop unit length, the primary damping constant hecomesay = (r—N) /lv.

11 It may be noted here that in the Barkhausen-Kurz hook-up discussed in

Part 111 the frequency is no longer a function only of the circuit constants in the
sense here used.
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The secondary damping constant is unchanged except for the addi-
tion of a distinguishing subseript, viz., a;=r/lv.
The damping curves as plotted in Fig. 4 have as ordinates y=
—tanh ais;/tanh ass; and as abscissas the length of the secondary, s,
5 =1). Since «; and a, are both very small, the hyperbolic tangents
may be replaced by their arguments within the range of s, here in-
volved. Substituting the above values of « gives the equation:

y= —381(r — N)/rss = — (r — N)/rsp; (fors, =1). (20)

Here (r— N) ris a constant depending upon the value of N'. Selecting
several values of NV, a family of excitation eurves may be plotted with
the values of y given by (20) as ordinates and s, as abscissas. In Fig. 4
the principal curve of the family, viz., for V=27 is shown (dotted
line). Curves for .V >2r and for ¥ <2r are easily visualized respectively
above and below this reference curve.'?

5. Interpretation of the theoretically derived characteristics.

A description of the wavelength characteristic of the coupled cir-
cuit, distributed constant oscillator is now in order. With the primaryv
fixed at any desired length, here taken as unitv, and the oscillator gen-
erating a wavelength determined by a calibration curve like that of
Fig. 3, it is desired to specify the effect upon this wavelength of the
addition of a variable-length secondary. In appearance this secondary
is merely an extension bevond the bridge BB’ of the parallel conductors
forming the primaryv

The wavelength characteristic of Fig. 4 shows the theoretical change
in wavelength of an oscillating primary of unit length s, as the secon-
dary is increased from s;=0. The curve consists of several distinet
branches with no transitions from one to the other indicated. These
transitions, occurring in the neighborhood of s;=1; 3, 5, - - are
uniquely determined by the intersections of the appropriate branches
of the damping curves with an exeitation curve specified by the par-
ticular value of negative resistance introduced by the triode in ques-
tion. To each branch of the wavelength characteristic belongs a cor-
responding branch of the damping curves. The related branches of the
two sets of characteristics are numbered alike in Roman numerals. The
intersection of an excitation curve with a branch of the damping
curve represents a limiting value. Thus, if a given branch of the damp-
Ing curve crosses the exeitation curve in question, it means that for all

" Tt would be graphically more convenient to plot reciprocal ordinates of the
damping curves and excitation curves since the latter would then be straight
lines. Since the above choice agrees with Ollendorff’s curves for lumped constants,
1t 1s retained.
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values of s at which the damping curve is above the excitation curve,
the wavelength corresponding to this branch of the damping curve will
he completely damped out. On the other hand, over the entire range
of s for which a branch of the damping curves lies below the excita-
tion eurve, sufficient energy is available =0 that the corresponding
wavelength is not damped out onee the oseillator has started generating
it A few illustrations will help to make this elear.

Consider first the case for which N is less than . From (20) it fol-
lows that the exeitation curve for this value of N lies below theaxisy =0,
henee it lies below all branches of the damping curves at all points.
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Fig. »—Typical wavelength characteristics of the idealized coupled-circuit os-
cillator with an open-end secondary. The negative resistance is taken small
for .1, near eritical for B, large for €.

Therefore all wavelengths are damped out: the oscillator cannot oscil-
late.

Now let .V lie between r and 2r =0 that the excitation curve lies be-
tween that drawn in Fig. 4 and the axis of abeissas. Beginning at s; =0,
it is clear that the damping curve of branch I of the wavelength char-
acteristic is below the excitation curve. The osciilator will therefore
generate a wavelength indicated by this branch. As sy is increased, i.e.,
the secondary lengthened, the wavelength follows branch [ of the char-
acteristic until damping curve I crosses the excitation curve. Beyond
this point damping curve I rises above the excitation curve and the
wavelength given by branch I of the wavelength characteristic is
damped out. Since no other branches of the damping curve now lie
below the excitation curve for say N =1.5r, the oscillator must stop
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oscillating. This is illustrated in curve A (solid line) of Fig. 5. A little
beyond s, = 1, branch IT of the damping curve crosses below the excita-
tion curve, hence the oscillator will resume oscillating but now at a
wavelength specified by branch 1T of the wavelength characteristic.
The wavelength generated follows branch 11 until damping curve 11
rises above the excitation curve near s» = 2.75 where oscillations again
break off. They again set in and follow branch 111 as soon as damping
curve I falls below the excitation curve.

For .V =2, a similar procedur: muy be followed. The curve for this
value of N is shown dotted in Fig. 4. In this case it is seen that instead
of the oscillation breaking off over the range near 83 =1, the wave-
length changes abruptly but continuously from one branch of the wave-
length eharacteristic to another. For ranges near s;=3, 5, - - - the
wavelength likewise changes abruptly and continuously, but the transi-
tion point is not the sume when <, is increased over these values as
when it is decreased. In other words there are oy erlapping ranges
within which either of two wavelengths may be generated since both
branches of the damping curve lie below the excitation curve. The
wavelength actually generated will be the one which happens to have
been started. Thus, if s, is increased over this overlapping range and
then decreased, the wavelength generated will form a so-called loop or
Ziehschleife, as the German puts it. Such loops can obviously only oc-
cur with values of .V for which the excitation curve lies above both
branches of the damping curve over a smaller or larger range. Iig. 5b
shows a charucteristic of this type. It is clear that a value of N can be
found for which the transition at s, =3 is single valued, but then the
trausition at s, =1 is necessarily discontinuous.

For values of .V greater than 2r the excitation curves lie above both
branches of the damping curves at all transition points. Loops will
therefore appear at s,=1, 3 5, . . . Fig. 5¢ shows this situation. The
curves indicate that the loops should grow wider; i.e., extend over a
greater range of variation in s, as the distance of the transition point
from s, =0 increases.

There are, then, three possibilities: For relatively low values of
negative resistance oscillations break oft completely for small ranges
in the neighborhood of s, =1, 3, 3, - Ior a critical value of N the
oscillations do not break off and the wavelength changes abruptly near
one of the above values of s.. For large values of .V loops or overlapping
ranges in which either of two wavelengths may be generated appear.

The significance of the coefficient k, so far arbitrarily set at 0.1, re-
mains to be discussed. From the definition of 4 a variation in the value
assigned to it is equivalent to changing the inductance of the bridge
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BB’ common to primary and sceondary. To inerease & means to in-
erease the inductance M of this bridge. Computed wavelength char-
acteristies over the first transition range are shown in Fig. 6 for three
different values of &. The fourth characteristic shown is an experimen-
tal curve. Clearly the smaller k is, the less the wavelength departs from
the fundamental ordinate A /4, the ideal or theoretieal quarter wave-
length, and the more nearly it follows the quasi asymptotes A =w/1
and A/4==s/3. The wavelength jJumps must, therefore, also he corre-
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Fig. 6. Theoretical wavelength characteristics of the idealized coupled-cireuit
oscillator with open-end secondary for three different values of the coefhi-
cient k, (solid lines). A typical experimental curve is shown dotted.

spondingly smaller. Likewise, the smaller k is, the steeper the damping
curves rise and the narrower possible breaks or loops in the wave-
length characteristic must be. These conclusions mean nothing more
than that the smaller the inductance M of the bridge BB’ the less will
be the effect of the secondary upon the frequency generated.
Intimately related with the coefficient k is the meaning of the ideal
quarter wavelength used as ordinate in the theoretical wavelength
characteristics. Let it be noted, and this was not emphasized above,
that the bridge BB’ joining the two parallel conductors and serving
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as the common part of the two coupled eircuits is always a part of the
primary even when the secondary length is reduced to zero. The signif-
icance of this statement lies in the fact that the ideal quarter wave-
length is that value which a primary open at one end and bridged by a
perfect conductor at the other would generate. Now it must be kept in
mind that a perfect conductor is one having zero distributed inductance
as well as zero resistance. This means nothing less than that the con-
tant k=M [ must vanish if this ideal quarter wavelength is to be
generated. Clearly in practice k can never be identically zero, so that
the quarter wavelength actually generated even by the primary alone
with the secondary completely removed would not be this ideal value,
but one depending on the actual value of & as determined bv the indue-
tance of the bridge BB'. This point will be taken up again when ex-
perimental curves are examined.

6. The analogous case with a bridged end.

The object of the mathematical analysis in this instance is the cir-
cuit shown in Fig 7. Since this differs from the circuit of Fig. 1 only in
having a secondary with a bridged end instead of with an open one,

~_B b
B
A o3 D
_— —
— 1 —— %‘
A B’ D

Fig. 7 Sehematic diagram of actual and idealized circuits
for a bridged-end secondarv

the steps in the analysis are entirely parallel to those of the case just
discussed. The primary is clearly entirely unchanged, and the same
idealization will be assumed. Following, then, exactly the same argu-
ment developed in detail above, the equation corresponcing to (16) is:

1 jBk = tanh (a + jg)s, + coth (@ + jB)s.. (21)

After separating the real and imaginary parts and reglecting squared
terms in a the two equations corresponding to (18) and (19) are:

— 1/Bk = tan Bs; — cot Bse (22)
tfn}h s cos? Bsy (23)
tanh awss a sin? Bs. -

The graphical solution of (22) is essentially the same as that al-
ready carried through, but since it was not described in full above, a
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small seale reproduction of the solution for the present case is shown
in Fig. 8. With the length of the ideal primary again taken as unity and
the constant & as before conveniently chosen ax 0.1, (22) reads:

— 10 3 = tan 3 — cot g« (224)

in which s, the length of the seeondary per unit primary, is to be ax-
signed values ranging from zero to coveral times the length of the pri-
mary. Fig. 8 shows the curve y=—10 3 plotted against an arbitrary
ordinate with 3 as abseissa, The curve y = tangd ix also shown, Sections
of 1 series of curves representing y = — cotds, for various values of s

I

[V

TAN BS, (521

Fig. 8—Graphical solution of (22). Intersections with the first four branches of
the cotangent curve are denoted respectively by circles, squares, triangles,
and crosses. The numbers written in are the values of sain each case.

(as multiples of &) were next drawn and added to the curve y=tang:
The points of intersection of these sums with the curve y = —10/8 gave:
along the axis of abseissas, the values of 3 corresponding to the partic-
ular choice of s.. Rince the cotangent curve has an infinite number of
branches, an infinity of values of 3 for each choice of s, is a possible
solution. However, only the first four of these values were obtained
over the limited range of s, here required. In Fig. 8 the numerical
values of s, are written in for the respective points. The family of such
points helonging to each of the four branches of the cotangent curve
are distinguished in the notation. Plotting the values of 3 so obtained
in terms of the corresponding wavelengths gave the solid curves of
Fig. 9. The ordinates are, as in Fig. 4, the ideal quarter wavelength;
the abscissas are the values of s for unit s.
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The damping curves, which are shown in dashed lines in Fig. 9, are
readily obtlained by substituting the values of 8 read from the wave-
length characteristic just determined into (23). Each family of values
of B8 derived from the individual branches of the cotangent curve and
determining one continuous wavelength characteristic, leads to a dis-
tinet and likewise continuous damping curve. The ordinates of the
damping curves of Fig. 9 are the same as those of Iig. 4. The interpre-
tation of the curves is again carried out by means of excitation curves
as given by (20). The excitation curve for N =2r is drawn dotted in
Fig. 9.

With the wavelength characteristics, the damping curves, and the
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Fig. 9—Theoretical curves for wavelength (solid lines), damping (dashed lines),
and excitation for \"=2r (dotted line) for the hridged-end secondary. The
legend is the same as that of Fig. 4.

excitation curves obtained, the transition from one branch of the wave-
length characteristics to another is determined by the intersection of
damping and excitation curves precisely as described at length above.
In this case the quasi asymptotes are A/d=s,/2 and \ /4=15,/%.

ParT II. COMPARISON WITH LKXPERIMENT

With the theoretical investigation of the eireuits of Figs. 1 and 7
completed and the wavelength characteristics determined, a compari-
son with experimental data is in place. Indeed, in the light of the nu-
merous and certainly not insignificant assumptions and approximations
which convenience in mathematical handling imposed, an experimental
check should prove highly interesting. Before proceeding to an ex-
amination of the available experimental results, however, it will be
advantageous to review briefly the salient points of the theoretical
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analysis with a view to summarize and examine the practical signifi-
cance of the various assumptions made. It will be convenient to divide
the qualifving conditions and approximations made in the course of the
analysis into two groups, physical assumptions and analytical assump-
tions, and to discuss these separately.

Physical assumptions.

The conditions imposed in this group pertain primarily to the con-
stants of the complete cireuit of Fig. 1a. With reference to the distrib-
uted circuit and the conneeting bridge the following may be listed:

(1) Distributed resistance aud leakanee are small compared with
inductive and eapacitive reactance per loop unit length.

(b) The resistance of the bridge BB’ is small compared with its in-
duective reactance.

(¢) The length of the secondary is not so great that the approxima-
tion tanh aase = asss is not Justified.

For ultra-radio frequencies and eircuits using copper conductors of

common size these conditions are automatically satisfied. For example,
with w=4X10% and No. 12 copper wire, the ratio r/wl is of the order
of magnitude of 1073, and a =r/lv of the order of 1073, Clearly to neg-
leet a? along the wires, and r in comparison with wl in the bridge is
entirely justified. Since tanh r=r—1/3+2r5/15. The secondary
would have to become over a kilometer long before the substitution of
the argument for the hyperbolic tangent becomes a poor approxima-
tion.

Two other physical assumptions are made.

(d) The frequency is determined entirely by the circuit constants
and is independent of the negative resistance introduced.

(¢) The coupling, or region of energy exchange between primary
and secondary, is limited to the common bridge BB'.

It is a matter of common experience that the first of these is in
general very nearly true of triode oscillators of the regenerative type.
With regard to the second, the only other means of energy exchange
hetween primary and secondary is by radiation. So long as primary and
secondary are placed end to end as supposed in the theory, there can
be no radiation coupling between them. If the two circuit branches
were arranged mutually at right angles, on the other hand, their fields
could interact. In this case an extension of the theory to include radia-
tion coupling would be necessary.

Analytical assumptions.
The specializations in this group were made for mathematical con-
venience. Essentially they all reduce to the one fundamental approxi-
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mation, namely, the substitution of circuit b for a in Fig. 1. On the
basis of the physical assumptions already discussed, circuit b has been
quite rigorously analyzed; the question only remains whether the
characteristics of cireuit 10 do approximate those of 1a. In final analy-
sis this is a question for experiment to decide, but a few significant re-
marks can be made. In the first place, it is to be noted that to introduce
an equivalent length and with it an ideal straight-line calibration char-
acteristic for the primary is in no way to change the physical fact that
for a given fixed length the primary alone will generate a definite wave-
length. Indeed, so long as the primary and the wavelength are main-
tained fixed, once an equivalent length has been chosen to represent
them analytically, the change from a to b is more in the form of nota-
tion than in the physics of the problem. Of course, this is not rigorously
true since the response of the idealized circuit to a coupled secondary,
a response which does involve wavelength variation, would hardly be
expected to be identically that of the actual circuit, even though the
two were initially made to have the same natural vibration modulus.
Roughly, however, the difference might be desecribed as a second order
one. In the same way the introduction of a constant and distributed
negative resistance which has no definite physical equivalent, but
which, to a first approximation at least, can be made to describe the
effect should represent the actual case reasonably well.

In summing up it may be said, then, that physical and analvtieal
assumptions do not seriously restrict the generality of the problem.

Turning now to an experimental verification, the data available are
divided into two parts. First, there are the wavelength curves obtained
in an earlier paper already mentioned' for the case of an open-end see-
ondary. These cover a somewhat limited range of variation in second-
ary length and do not show the especially interesting phenomenon of
overlapping loops (Zichschleifen). Moreover, and as will be discussed
in considerable detail below, the experimental set-up was such as to
introduce a complicating interaction between the circuit branches.
Since this is in itself of considerable interest, this early data will be
considered as an example of the open-end case. Second, and in order to
verify accurately the theoretical predictions, a special set of data was
taken, this time with a bridged-end secondary. It will be primarily to
these latter results that reference will be made for a precise study of
the adequacy of the theory as developed.

1. The Open-End Case.

To turn to the open-end case, a study of the cireuit used in obtain-
ing the experimental data®® reveals that all the physieal assumptions

'* The experimental data to be here considered are taken from the paper re-
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made in the foregoing analysis apply exeept only one. In this experi-
ment it was fonnd necessary to areange the primary and secondary
mutually at right angles in order to avoid a progressive inerease in the
coupling with the measuring system of Lecher wires as the secondary
was extended. As has already been mentioned, the assumption that the
bridge BB’ ix the only region of energy exchange between the two eir-
euit branehes is no longer justitied when these are placed mutuadly at
right angles. Indeed, an experiment with a single cirenit oscillator in
which this is placed at right angles to a pair of Leeher wires shows that
energy is transferred to the wires even when the oscillator is moved H0
¢m bevond their end. Tt is thus elear that with the right-angle setting
of primary and secondary used in the experiment, an energy exchange
by radiation must take place. In other words, in addition 1o the induc-
tance of the bridge which is common to both eirenits, a mutual reaction
distributed along the conduetors forming the primary and secondary
also plays a part. It is, therefore, neeessary to extend the theory to in-
clude this additional effeet hefore the experimental curves ean be con-
sidered.

In order to show in an approximate way the effeet of adding a dis-
tributed mutual term, it is convenient to reanalyze the cireuit of Fig. 1h
{aking into account only sueh a mutual term for the coupling hetween
the cireuit branches, The actual characteristic should then he obtained
roughly by an averaging of the characteristic for bridge coupling with
that for radiation coupling. .\ simple way of approximating such a dis-
tributed coupling is to include a distributed mutual factor m (which
may be a funetion of the linear dimension r) with the four distributed
constants r, g, I, and ¢. Taking such a factor into account the familiar
partial differential equations, known as the “long-line equations,” as-
sume the following form when written for the two coupled branches of
the distributed ecircuit:

dey, 0r, = — L(r + pl) — apm
(21)
01, 0r = — g + pe)

and a similar pair with subseripts interchanged.

The solution of these two pairs of simultaneous equations is
straightforward and quite similar to that carried out by Ollendorft*
for two coupled eircuits with lumped constants. With the assumption
that squared terms in « are negligible, the wavelength characteristic

ferred to in footnote 1. A detailed discussion of apparatus and experimental tech-
nique are there given. .
14 Ollendorff, “Grundlagen der Hochfrequenztechnik”, p. 391.
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and damping curves of Iig. 10 were computed. Excitation curves are
in this case horizontal and straight. An examination of this new wave-
length characteristic shows that the branches in the range of the first
jump are essentially like those previously derived. (The new coefficient
k=m/lin this case is assigned a value which will give approximately
the same variation in wavelength as the previous choice of k=M /I =
0.1. This is to facilitate comparison, no attempt being made to estimate
relative values in the two widely different cases.) The second jump, on
the other hand, is somewhat different. This is best seen in the curves of
Fig. 5. Here the solid curves are those from the previous analysis, the
dashed ones those estimated using distributed coupling; (the discon-
tinuity between the two parts of branch 11 of the wavelength charac-
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Fig. 10—Theoretical characteristics like those of Fig. 4 but derived assuming
mutual distributed coupling instead of coupling through the bridge BB".

teristic has been smoothed over; it is due to the overidealized hypothe-
sis of exclusive radiation coupling). According to the dashed curves the
second transition range involves a wavelength jump corresponding in
magnitude to the first one. Without going further inte a comparison of
the two groups of characteristies, it is clear that with both types of
coupling present, the first wavelength jump should be relatively little
different from that obtained for pure bridge coupling, whereas the
second jump should be smaller than the first one, but not to the extent
required by pure bridge coupling.

The experimentally determined wavelength characteristics are
shown in Fig. 11; 11b is for an open end secondary like Iig. 1a, while
11a is the corresponding characteristic for a bridged-end secondary.
Little need be said about the first wavelength jump since it evidently
agrees well with the theory. This is best seen in Fig. 6 where it is clear
that a suitable determination of the coefficient k is all that is needed to
admit the dotted experimental curve into the theoretical family. A
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close serutiny of Fig. 11h and a comparison with Fig. 3h shows that
the second wavelength jump does actually fall somewhere hetween the
magnitude suggested by the dotted eurve and that indieated by the
solid one. The experimental eurve is, therefore, an agreement with the
theory asx modified to inelude distributed coupling. The faet that the
theoreticeal curve of Fig. b shows a loop at the seeond jump, whereas
the experimental curve of Fig. 11h does not,is not necessarily contrary
to theory. As seen in Fig. 6 the experimental value of the cocthicient &
for the first jump is in the neighborhood of 0 01, or one-tenth the value
used in the theoretical curve. With sueh s small value of & a possible
loop would be very narrow, so that for a near critical negative resist-
ance a narrow loop at the seeond jump, or an even narrower break at
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Fig. 11—Experimental wavelength characteristies with the secondary bridged
at the end EE’ in curve .1, open at this end in curve B.

the first jump would not be experimentally observable. This is es-
pecially true since the actual transition point of the wavelength, being
a point of instability, is difficult to determine with precision. In any
case the question of loops is best left to the more complete and more
precise data obtained especially for this purpose. This is discussed
below.

2. The Bridged-nd Case.

The apparatus used to obtain the new set of data now to be de-
scribed is essentially the same as that deseribed in reference 1 and in a
further paper.’ Nevertheless, both oscillator and resonance indicator
differed considerably in design from those used in the previous work.
A detailed description of these new pieces of apparatus, which were
constructed especially for an investigation of radiation patterns using

15 R. King, “A screen-grid voltmeter,” Proc. [.R.E., vol. 18, p. 1388, (1930).
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models, is reserved for a later paper. The general arrangement of the
apparatus is shown in Fig. 12. It will be noted that the measuring sys-
tem and the oscillator are now uniformly coupled regardless of the ex-
tension of the oscillator secondary. The parallel conductors which
formed the oscillator secondary consisted of flat copper braid of ex-
tremely low resistance. Their end was made variable by arranging a ‘
brass cylinder, an inch and a half in diameter, in such a way that it
could be rolled along the taught parallel system winding up the copper 5
conductor and unwinding a pair of supporting cords. No attempt was
made, however, to vary continuously the length of the oscillator sec-
ondary in this way. In reference 1 it was demonstrated that a conductor
1 bridge may be moved along a pair of parallel conductors and have the
d same effect as varying the total length of these provided this total
length is properly chosen. Hence, the total length BE (IFig. 4) was ad- 1

justed once and for all to be completely out of resonance with the pri- .
mary, and the secondary BD was varied by moving the bridge DD’. .
&
D
A B, 1
G o
~— F A B 0 =
| [5) &
g F
G
Fig. 12-—Schematic diagram of the experimental arrangement for obtaining the

wavelength characteristic of the coupled circuit with a bridged-end second-

' ary. AB =primary; BD =secondary; (S =measuring system; S =screen-
grid resonance indicator. BB’ is the fixed bridge common to primary and
secondary; DI’ is the movable bridge for varying the secondary length;
FF’ is the movable bridge of the measuring system. EE’ and GG’ are the
hrass eylinders for adjusting the lengths of the copper conductors.

In carrying out the experiment this bridge DD’ was moved step by
step from an initial position near BB’ toward EE’. For each setting,
i.e., for each length BD, the wavelength generated by the coupled cir-
cuits was measured with great precision on the measuring system
loosely coupled to the primary. (This measuring system was adjusted
according to the maximum deflection method described in reference 1.)
In taking the data for the positions of the resonance peaks on the meas-
uring system, deflections of the indicator were recorded for a range of
several centimeters over the peaks. In this way the actual position of
the maximum point could be estimated to within a half centimeter or
less. The wavelength was thus determined to within a half of one per
cent. Care was taken to read the indicator by means of a telescope so
placed that body capacity did not affect the readings.

Iig. 13 shows the wavelength curve obtained from a large number
of carefully distributed wavelength measurements. The overlapping

\ .
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portions or loops (Zichsehleifen) were obtained by moving the bridge
DD’ first in one direetion until the jump occurred and then in the other
until the reverse jump took place. The faet that such pronounced loops
were obtained in this instance where the previous data showed none,
i< due to the circumstanee that in this ease 345 power tnbe with larger
negative resistance was used in the oseillator instead of the 200-\ pre-
viously emploved.

It is a simple matter to fit the beantiful experimental enrve of Fig
13 into the theory developed. The first essential ix to determine the
value of the ideal or theoretieal quarter wavelength of the oseillator
used. As hax already been pointed out this is not the quarter waves
length generated by the primary alone, bt somewhat Larger than this
Referring to the first braneh of the wavelength eharaeteristic of g 9
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Fig. 13—Experimental curve of the wavelength generated by the bridged-end
secondary two-cireuit oscillator for different lengths of the secondary.

it is at once clear that for an excitation greater than N =2rax= required
by the width of the loops, the maximum possible value of the quarter
wavelength generated can differ very little from that corresponding to
the abscissa sa=2 on account of the steepness of the damping curve.
From the ratios of the widths of the three successive loopsin the experi-
mental curve, a rough comparison with the widths required by the the-
oretical damping curves leads to the conclusion that the excitation can-
not be very much in excess of that corresponding to N =2r. With upper
and lower limits thus approximately suggested, and the fact that the
ordinate s, =2 corresponds to the ideal half wavelength, it is reasonable
to suppose that the maximum wavelength measured at the first jump is
slightly larger than the ideal wavelength. In this case the maximum
wavelength was 4.53 meters. A choice of 4.50 meters as the ideal wave-
length therefore seems reasonable. Selecting this value and reducing the
experimental curve to the same relative coordinates used in the the-
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oretical characteristic of Fig. 9, Fig. 14 shows the experimental and
theoretical curves plotted together to the same scale. It is clear that
the general agreement is excellent except that the magnitude of the
jumps is different. Since this depends on the coupling constant F, it is
only a question of assigning a suitable value to this constant to fit the
experimental curve into the theoretical family. Since the entire experi-
mental curve lies much nearer the ideal quarter wavelength of unity
in Fig. 14 than does the theoretical curve for which k=0.1, it is clear
that & for the experimental case must be smaller than 0.1. Its exact
value can be readily computed as follows. Bv a simple trigonometric
transformation (22) can be written in a more convenient form, viz.:

sin g3s. cos Bs,

,B cOoSs B‘ s+ Na '

h

o
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Fig. 14—Combined theoretical and experimental curves.

Substituting the values s, = | 2, 3=1.68 as obtained from Fig. 9,
kis found to be k =0.044. This is a very reasonable value and a general
comparison or actual calculation shows that with this value of & the
theory yields curves precisely like the experimental ones.

With the secondary ecompletely removed, the oscillator generated
a wavelength measured to he 4.34 meters. This is precisely the value
obtained over the long, nearly horizontal parts of the wavelength
characteristic between the successive jumps. It is clear that the effect
of the secondary is to make the wavelength of the two coupled circuits
fluctuate above and below this value near the jumps, but to a lesser
degree the longer the secondary becomes. For an infinitely long second-
ary the wavelength generated would be constant for variations in the
secondary and would have the value generated by the primary alone.
As the coupling constant k is diminished this value approaches the ideal
wavelength represented by the quarter wavelength of unity in the
theory

In concluding the comparison of experimental and theoretical re-
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sults, it may safely be said that the general agreement obtained with
the open-end data, complicated as it was by radiation coupling, is made
definitely precise and convincing by the more comprehensive check
obtained with the new data using the bridged-end secondary. Cer-
tainly in view of the approximations made in the theoretical analysis,
the results are most gratifying.

3. Wavelength Measurement.

One further experimental point remains to be discussed. In refer-
ence 1 two methods of wavelength measurement are described, a maxi-
mum deflection method and a zero or minimum deflection method.
The minimum deflection method consists essentially in dividing the
measuring system into a primary and secondary by means of a fixed
bridge at the first resonance peak from the indicator. The oscillator
which is to be standardized is, of course, coupled to the indicator end
or primary. With the total length correctly adjusted, a second bridge
is now moved beyond the fixed one. At definite intervals the indicator
records sharp minima. The distance between these minima is clearly
nothing other than the distance between the points at which the wave-
length of the coupled circuits jumps. The fact that these minima ocecur
at the same bridge positions regardless of the direction of approach
suggests that the excitation must be near the critical value for a con-
tinuous, single-valued wavelength characteristic. The question to be
answered is this: Is the distance between successive minima a true
measure of a half wavelength as stated in reference 1 on purely experi-
mental grounds. Reference to the theoretical curves of Fig. 9 shows
that the critical excitation curve intersects the damping curves at

TABLE I
MAXIMUM DEFLECTION METHOD MINIMUM DEFLECTION METHOD
Position of Peak ' Half Wavelength Position of Minimum Half Wavelength
13.915 meters 11.810
2.170 2.170
11.745 9.640
2.175 2.170
9.570 7.470
2.170 2.170
7.400 5.300
2.170 2.170
5.230 3.130
2.165
3.060

(The third decimal place is to the nearest 5.)

points which are separated considerably less than the ideal half wave-
length, but only very slightly less than the actual half wavelength gen-
crated by the primary alone. Since even for £=0.1 the error involved
in calling this separation a half wavelength is not large, it should for
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most purposes be entirely negligible for the very smadl yvalues of 1 e
countered in praetice,

Incorder to demonstrate this expernmentadly, the wavelength of the
oseillator wdone without secondury was measured on the long paradlel
conductors previously used as secondury. A suecession of half wave
bengths over the full sivteen-meter extension was measured by the
sitne precise method already deseribed, both for maoamum and mnn-
murn defleetion methods, The half wavelengths were deternmned to the
nearest half centimeter, They are recorded i Table 1 These results
mdieate that cither method gives the same results

Paer HT Covrearisos or Tieer TYyres or Oscinnatony Crren s

In order to do full justice to the interesting and striking anadogy
existing in the broader lines of comparison, and at the same time stress
those differenees which charueterize the individuality of the three 1ypes
of oxeillatory cireuits here i question, many pages would be required
Sineea very considerable familinrity with the subjeet ean hardly be pre-
supposed,in view of the faet that the major part of the literature has
appeared in foreign periodienls, o compromise will he attenmpted.

o Lumped Constants

The civeunt with purely lumiped constants having o frequeney or
wavelength charaeteristie analogons to that derved above for the dis-
tributed circuit is well known It consists of two branch eireuits eaeh
including resistance, inductance, and capaeitanee reaeting upon eich
other either throngh mutual-induetance or by having @ part of the self-
imductanee in common, This cireuit is completely solved in Olendortf 1
Sinee the solution is straightforward and probably familiar, it will not
he reprodineed heres Suflice it to sav that the wavelength charaeteris-
tes and damping curves are essentally the same as.those shown in
Fig. 11 for the range of the fiest jump:i e up to abseissa 20 Incthe case
of Tumped constants there are, of course, no further jumps sinee there
are only two possible coupling frequencies and henee only two damping
curves. A\ set of curves inalogous 1o those of Figs, band 11 are plotted
on page 395 of Olendortt Doanping eurves and exatation euryves are
shown on page 106, and a set of charactensties he those of Fig 5os
~hown on page 107 The essentiad difference thronghout s the presence
of nnly one transition (llN‘HllllllllH}'. sinee the l'(")l‘:l“‘(l resonanee
points of the distrbuted erreuit are, of course, absent 1t may, there-
fore, be stuted that differences in the nature of the constants and of the
coupling coctlicients lead to corresponding differences i the detial ot

Wolac el plo 302,
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the circuit characteristies in the two cases. But in the broader outline
and significant structure the circuit types are fundamentally similar.

2 The Electron Oscillator

Before entering into a discussion of the wavelength characteristics
of the electron or space-charge oscillator, it seems desirable to outline
hriefly the underlying principle of this type of triode high-frequency
generator. The circuit used may be identically that shown in Fig. la
except that the potentials on the electrodes of the triode are reversed.
The grid is now raised to a high positive potential instead of the plate,
while this latter may be at the filament potential or even negative.
Such an arrangement is found to oscillate at a very high frequency
as detected by the resonance points ohserved by moving a bridge con-
taining a current indicator along the parallel conductors, or by the
standing waves set up on a suitably coupled Lecher wire system. The
first procedure is that followed by Barkhausen and Kurz when they
discovered the oscillations; the second was used by Gill and Morrell
somewhat later when they were led to contradict the Barkhausen-
Kurz assertion that the frequency generated was entirely independent,
of the circuit external to the triode itself. Theories regarding the finer
mechanism of electron oscillations are numerous; but there seems to be
complete agreement on the general picture presented in the original
paper. This describes the eleetrons emitted by the filament, as acceler-
ated by the highly positive grid to sufficient velocities that the greater
number of them fly through the meshes of the grid in a dense eloud.
After they have passed through the grid they are retarded by the
reversed field on the other side and atiracted hack again through the
grid to the space-charge region of the filament, thus completing a cyele.
Disagreement and uncertainty still centers primarily about the mech-
anism or agency which starts and regulates the motion of such clouds
of oscillating electrons.

In this paper, where it is solely a question of wavelength characteris-
ties as determined by circuit constants, the oscillations will simply be
taken for granted without further explanation. It is here a question of
determining, as in the case of the regenerative oscillator, the effeet,
of a variable secondary upon the frequency gencrated. Of course, other
factors than the length of a secondary are primarily important in deter-
mining the frequency. Grid and plate vollages, clectrode dimensions
and shapes, as well as the degree of evacnation all play a greater or
lesser role. The simplest formula for the most idealized case is given as
A2JY, = const. In the present discussion, however, all factors exeept the
parallel conductors attached to plate and grid will be assued constant.
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It was stated a few lines above that the effect of the secondary upon
the frequency generated is to be determined. Clearly the first important
question is to decide precisely what constitutes the secondary and what
the primary. There appears to be considerable disagreement on this
point. Hollmann,* who has done pioneer work in investigating the
electron oscillator, has followed the seemingly obvious course of using
exactly the same division into primary and secondary as shown in
Fig. 1a for the regenerative oscillator. In other words, he includes the
parallel conductors up to the bridge BB’ and the interelectrode capaci-
tances of the triode in the primary. Using this nomenclature he has
developed a rather complete theory of distinct frequency ranges in
wavelength characteristics obtained by moving the bridge BB’ in steps

PRINARY . SECONODARY

PRIMARY : SECONDARY TERTI ARY

PRIMARY i SEC. TERT.

Fig. 15—Electron and regenerative circuits compared. The upper diagram in each
pair is for the regenerative, the lower for the electron oscillator. E.(". =
electron cloud.

and measuring the wavelength generated on an accessory Lecher wire
system. His explanations, complete in themselves, are not well adapted
to bring out an analogy between the electron oscillator and the two
types already described. For that reason no further reference will be
made to them. Instead, a theory paralleling quite completely that
given above for the regenerative oscillator will be sketched and the
analogy between the two pointed out.

According to the accepted theory for the electron oscillations, the
oscillatory circuit consists essentially of a moving cloud of electrons
flying back and forth through the grid of the tube thereby causing its
potential to fluctuate periodically. Ideally, therefore, it is this cloud of
electrons, independent of all electrodes and conductors, which consti-
tutes the primary circuit. The secondary then includes the electrodes
as well as all attached conductors. If these are a pair of paralle] wires,
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and if, merely for convenience in making the picture clear, an equiva-
lent length is again introduced to represent the interelectrode capa-
citances, the circuit may be diagrammatically pictured as in Fig. 15a
and b. The regenerative circuit of Fig. 1 is also reproduced for ready
comparison. Thus a of Fig. 15 shows the regenerative circuit already
discussed, and directly below it the corresponding electron oscillatory
circuit. The primary of this latteris the vibrating electron cloud (E.C.);
the secondary includes interelectrode capacitances and parallel con-
ductors. b of the same figure again shows the two circuits but with the
equivalent lengths of the interelectrode capacitances dotted in at the
proper points. It will be observed that in cach case the secondary has
one open and one bridged end.

A very complete theoretical investigation by Wundt,? following the
general scheme just outlined, leads to results remarkably similar to those
obtained for the regenerative case and agreeing well with experimental
data. Wundt’s analysis is more involved than that carried out for the
regenerative circuit since the equations of primary and secondary are
no longer the same. In his case the equation for the primary had to be
derived from the motion of an electron moving between charged elec-
trodes. Another difference, and one of prime importance in comparing
the two types of circuits, is the coupling hetween primary and second-
ary. In the preceding analysis it was the current in the bridge BB’
which was common to both branches; in the present case it is the poten-
tial difference hetween plate and grid which affeets both primary and
secondary. Fig. 14 of Wuandt's paper shows the theoretically derived
wavelength characteristics and damping curves of the electron oscilla-
tor. These very much resemble the curves of Fig. 4. A detailed com-
parison and more precise analysis of differences is here heside the
point. Tt is desired to bring out an analogy, not an identity. Just as was
stated in connection with the lumped constant, circuit, differences in
the circuits, in the coupling involved, must lead to differences in the
results; notably, in this case, a much greater variation in wavelength
and correspondingly larger jumps. The significant point, is that the
wavelength characteristies of the clectron oseillator with a pair of
parallel wires attached to grid and plate, may he explained on the
same fundamental basis of coupling frequencies and wavelength jumps
as were those of the regenerative oscillator with distributed line con-
gtants. And it is eonsistent with the whole development of physical
scienee (o seleet explanations which unify and simplify interpretation.
An outline of the analogy between the electron oscillator and the re-
generative oscillator is given in Table 11

One point still may be obseure. If the electron cloud constitutes the
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primary, and if a pair of parallel wires is the secondary, what inter-
pretation can be given to an electron oscillatory circuit which includes
an additional circuit beyond the bridge BB’ as pictured in Fig. 1a? The
answer is that a third circuit or any number of circuits may be doubled

TABLE II

COMPARISON 0F REGENERATIVE AND ELECTRON OSCILLATORS Fach WITH SECONDARY
Having DisTRIBUTED CONSTANTS

Regenerative Oscillator

Electron Oscillator

The primary

The natural fre-
quency of the pri-
mary alone,

The secondary.

The coupling or
reaction between
primary and sec-
ondary. -

The natural fre-
quency or vibra-
tion modulus of
the complete cir-
cuit.

Effect of the
coupling reaction.

Repeated wave-
length jumps.

Consists of two parallel conductors,
the interelectrode capacitances, and the
negative resistance of the triode.

Is determined by the circuit con-
stants. (C'f. the calibration curve of
Fig. 3.)

Consists of two parallel conductors
which are a continuation of the primary
beyond the bridge BB,

Principally the current through the
inductance of the bridge BB’ which is
common to both branches. An inter-
change of radiated energy may also play
a part.

Is determined by the circuit con-
stants of primary and secondary.

Depending upon the relative magni-
tudes of the negative resistance and the
actual resistance in the circuit, the mu-
tual reaction produces discontinuous,
continuous, or overlapping changes in
frequency as the length of the second-
ary is varied. (Cf. Fig. 5.) Abrupt fre-
quency changes take place in the neigh-
borhood of such secondary lengths as
will bring this into resonance with the
primary. The process may be described
as a mutual building up of amplitude
near such resonance points with the fre-
quency changing in such a way as to
satisfy energy relations prescribed by
resistance and negative resistance.

Occur, respectively, for secondary
open or bridged at the end EE’ related
to quasi asymptotes which have slopes
in the ratio 1:1/3:1/5:, and 1/2:1/4:
1/6:. For a quarter wavelength second-
ary the odd ratios are true, for a half
wavelength secondary the even ratios.

Consists of a cloud of electrons moving
periodically through the meshes of the
highly positive grid of the triode.

Is purely hypothetical physically, but
may be used conveniently to bring out
the analogy. The formula AE, =const.,
to which po experimentally observed
data exactly correspond, is presumably
the mathematical equivalent.

Consists of two parallel conductors at-
tached to grid and plate of the triode and
the interelectrode capacitances.

Principally the potential difference be-
tween plate and grid of the tube which is
common to both primary and secondary.

Is determined by several factors in-
fluencing the velocity and distance of
motion of the electrons of the primary
and by the circuit constants of the sec-
ondary.

Abrupt frequency changes take place
in the neighborhood of such lengths of
the secondary as will bring this into res-
onance with the primary. Following
Hollmann's picture a mutual building up
of amplitude takes place as the alternat-
ing potentials superposed on the elec-
trodes by the oscillating electron cloud,
and the resonating secondary approach
each other in frequency. Oscillations
generally break off giving rise to discon-
tinuities. The wavelength characteristic
resembles the corresponding one for the
regenerative case. (Cf. Fig. 14, of
Wundt’s article.)

-

As for the regenerative case the odd
ratios for a quarter wavelength second-
ary, the even ratios for a half wavelength
secondary. Since the secondary is open
at the end coupled to the primary in-
stead of bridged, the end conditions at
EE’ must be the reverse from those true
for the regenerative case.

to the secondary of an electron oscillator, and that the same may be
done in the case of a regenerative oscillator. This is illustrated in Fig.
15¢. The characteristics of such a triple cireuit must naturally be more
complicated and should involve additional, but smaller, wavelength
variations due to changing the length of the less closely coupled tertiary
branch. Such variations were detected by Hollmann and submitted
privately to the writer in order to demonstrate that the more intense

a0
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wavelength jumps obtained by varying the secondary of the electron
oscillator are essentially different from the less intense ones observed in
the regenerative circuit. Far from disproving the theory outlined above,
the existence of such weaker, tertiary jumps fits into it perfectly. But
it must be emphasized again that no pretense is made to claim a
closer relationship between the two circuits and their characteristics
than that of an analogy.

A few words may now be appended with reference to the contradic-
tory opinions voiced by experimenters with regard to the independence
of frequency of the eclectron oscillator to variations in an externally
attached system. In the first place, it is to be noted that it is not possi-
ble to measure the frequency of the primary, or cloud of electrons,
independent of a sccondary since this includes the tube electrodes as
well as any attached wires. It is therefore futile, from the experi-
mental point of view, to talk about such a hypothetical frequency.
Indeed, the only frequency which has any physical significance in the
case of the electron oscillator is the frequency generated when a second-
ary is attached. The situation would be the same for the regenerative
oscillator if the entire primary were hermetically sealed in a completely
shielded container with only the terminals BB’ available. There would,
then, be no point, other than that of convenience in interpretation, in
talking about the frequency generated in the box since there is no way
of measuring it. The instant a pair of wires is attached to the available
terminals, the frequency of the complete circuit including the wires is
measureable, but this differs from that originally generated by the un-
disturbed primary. Thus the procedure followed by Barkhausen and
Kurz in moving a current indicating hridge along such a pair of wires
attached to plate and grid of the tube (which are equivalent to the
terminals BB’ mentioned above) determined the distance apart of
wavelength jumps. This is not necessarily a half wavelength. On the
other hand the method of Gill and Morrell and Hollmann of varying
the length of the attached wires by moving a bridge® and then measur-
ing the wavelength generated on an aceessory echer system, measures
the wavelength of the complete circuit for the particular setting of the
bridge. This wavelength, of course, changes if the circuit is varied,
since it is determined by the constants of the circuitl as a whole.

Objections may he raised by some to calling a purely hypothetical
cloud of clectrons a primary eircuit which admittedly cannot exist in-
dependent of a secondary of some sort. This is done for the sole purpose

18 With the precautions taken by Hollmann with regard to the length of the
tertinry circuit beyond the movable bridge, moving a hridge is practically equiv-

alent to varying the length of the wires with the bridge fixed at their extremities.
This is discussed in greater detail in reference 1.
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of presenting an easily visualized analogy consistent with the hasie
mathematieal analysis. Such pictures are for convenence 1 under
standing, and if they ure not convenient thev may hest he disenrded
ltas interesting to note in this conneetion, however, that in the cuse of
the electron oscillator the ideal quarter wavelength is ideal hoth theo.
retically and experimentally. With the regenerntive oseillutor the iden!
quarter wavelength 18 the lmting value of the wavelength aetually
generated by the primary alone as the coefticient 4 becomes vanishingly
small. In both cases, however, it is convenient to introduce an ideal
quarter wavelength for the primary alone, not for physieal but for
muthematical purposes

It 1s hoped that in analyzing and discussing triode oseillutory eir-
cuits in un endeavor to develop and correlate their fundamental theory
ull Buccess has not been wanting. ncouraging is u private communici
tion from Hollmann in which he agrees that in its gencral principles
the alternative theory of the electron oscillutor here presented is not
inconsigtent with his own extensive theoretical and experimental
studies

v > @ < @—
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A SIMPLIFIED GENERAL ME’i‘HOD FOR RESISTANCE-
CAPACITY COUPLED AMPLIFIER DESIGN*

By
Davinp G. C. Luck

(Department of Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts)

Summary—The steady state analysis of the general resistance-capacily con-
pled amplifier stage is thrown into such a form that any amplifier stage is character-
ized by three eusily computed constants which make it possible to read off ils com-
plete steady state performance immediately from three perfectly general analytical
curves. These curves are shown, as are some applications of the method.

is very widely used today, and for a great diversity of purposes.

1t is felt that a wider realization of the possibilities presented by
adjustment of shunt capacities would result in an even greater breadth
of usefulness. One of the most valuable features of this instrument is
its essential simplicity of operation, causing it to lend itself easily to
accurate design. However, the designing process often becomes quite
tedious, and it is the object of this paper to present what appears to
be a great simplification of the work involved.

This method yields only the steady state characteristics of such
amplifiers; this is of course not a complete solution of the problem
but is of considerable value, not only directly but for the light it throws
on the amplifier performance under transients. The only assumptions
necessary regarding the amplifier are that it shall be nonregenerative,
shall have no appreciable inductive reactances, and shall have tube
characteristics linear over the operating range. These assumptions are
all normally fulfilled, at least to a sufficient degree, in practice.

r I JHE resistance-capacity coupled type of vacuum tube amplifier

Iig. 1 shows the most general resistance-capacity coupled amplifier
. . Al
network for one stage; the designations used are standard ones. The
ordinary steady state solution of this network yields

* Decimal classification: R363. Original manuseript received by the Insti-
tute, April 5, 1932.
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YAYA
“l = (;”2/(/”1 = /J";",MA . B . o (l)
iy + (7 + Zo)(Zy + Zy)

where 1 is the veetor amplification per stage.
Writing explicitly the values of the various impedances yields

w/d =1+ R/R, + R/R, + C,/C + RC,/R,C + RC,/It,C

+ jRC, + RO, + RC,C,/C — 1/wR,C — R/wR,(CR,). (2)
This may be rewritten in the form
: Ao/ =14 j(f/fo = fo/f)/w =1+ jy/w (3)
: in which,
| Ao = gulte/(1 4 €,/C)
| / r,C R
w=(1+(,'f,/(,')1/ —_—
Rg(C, +C, +C,C,C) R,
| (3a)
— =2r\IRR(CC + CC+ CC,
Jo
where

/Ry =1/R 4+ 1/Ri+ 1/R,
| 1/R, = 1/R + 1/R,
H= galt.

; Here (C,—C,)/C has been neglected in comparison with unity; this
f may in all cases be made allowable by proper choice of constants, even
! when C, and C, are separately of the same order of magnitude as C,
and C,/c is therefore not negligible compared to unity. It is apparent
o that (3) is equivalent to

A =]d]e = dpcosp-e, . (4)
where ¢ is the phase displacement per stage. From this it may be scen
that, ]

y = Iflfe = fo/f (5)
¢ = tan~!y/w (6)
} A ! /Ao = eos (tan~! y/w) (7)

represent three completely general analytical curves which completely
express the gain-frequenecy characteristics of any amplifier of this type,
both in magnitude and in phase, when the constants given by (3a) are
known. The logarithmic performance of the amplifier stage may be

represented by
D = 20 log |cos (tan~! y/w) | (8)
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vhere D is the drop in amplification in decibels per stage from the
maximum value. The graph of (5) is shown as Fig. 2, the abscissas be-
ing fo/f when f<fo and f/fo when f>fo. The graphs of (6), (7), and (8)
are shown as Fig.3. It will be noted at once that all points for the graphs
of Fig. 3 are obtainable from trigonometric tables, no computation be-
ing required.

It is immediately apparent that, with the curves above obtained,
thte steady state performance of any specific amplifier is completely

g 1 Multiply Socales
by 10
61y
)
4 A
2
8 6 4 2 £/ £ o=
L A £ & T T T T
—t/t 2 4 6 8
F 2
M-
L -6
Multiply Sceles [t
by 10
Fig. 2

determined by the three constants given by (3a) which simply fix the
seales of the general curves. These constants are:a maximum amplifica-
tion Ay, which oceurs without phase shift at a certain “mean fre-
queney;” fo, which divides the amplifier gain-frequency characteristic
into syminetrical halves; and a “pass band width” w, which multiplies
or divides the mean frequencey to give the two frequencies at which the
gain per stage falls to A o/ v/ 2. Tt is also apparent that there is a simple
fixed relation between gain magnitude per stage and phasce displace-
ment per stage, the former being proportional to the cosine of the lat-
ter. The generality of the curves shows that all resistance-capacity
coupled amplifiers must have just the same gsymmetrical frequency
characteristic; the symmetry axis of this characteristic and itg fre-
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quency scale may however be adjusted within quite wide limits by
means of the disposable circuit parameters. Knowing the circuit param-
eters of any amplifier, its scale constants may be computed from (3a)
and its performance read off from Iigs. 2 and 3. Conversely, knowing .

O~
9 D
Feo® =1+ 4
[
-2 1
3ao°®

-3+

~ 0° -~¢fo0.7

- 6+ i
.—-30.
& E
| —-80° .74 i
»
E
1
3
Lhe ...

Frequenoy, c.p.s,
1000 3000 10000 80Q00

Fig. 4

the performance desired from an amplifier, the necessary values of the
scale constants may be determined from the figures, and the disposable
circuit parameters adjusted to give these values. Either process may be
carried out quite rapidly with a little practice.

As examples of the use of this method, the design of three widely
different amplifiers has been performed. Their circuit constants are
L shown in Table I, and their gain-frequency characteristics in Fig. 4,
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for three stages of each type. Numerieal gain has
been plotted, as this is more useful than the usual
logarithmie (decibel) plot for almost all nonaconstie
uses, The amplitier designated as Type isa general
purpose high gain, high quality amplitier, suitable
for example as a photoeell amplifier for television
and adequate in frequeney range for 20 pietures, of
BOX T2 lines, per second. Type T1is intended 1o
amplify harmonies of 60 eveles and suppres< the
fundamental as mueh as possible: Fuygo # shows that
the third harmonie is amplified five times as much
as the fundamental. The amplifier of Type T isn
“tuned” instrument, for suppression of noise in
amplifieation of a 60-cyele signal. but has no in-
duetances to make shielding from stray magnetie
disturbances difficult.

In each case the design process was the second
one suggested above, First, the necessary scale con-
stants were determined by consideration of the de-
sired amplifier performance. Thus, for Type I. fo
was the geometric mean of the lowest and highest
frequencies it was desired to amplify. and  had to
be made as large as possible consistent with sufhi-
cient amplification, the limitation being the un-
avoidable shunt eapacity of the tubes: for Type ITI,
fo was the frequency which it was desired to amplify
and 1w had to be made as small as possible. Then
the desired scale constants were approached as
nearly as tube limitations admitted by adjustment
of the cireuit constants in (3a). giving the final
values in Table 1. At this stage of the design, the
relation

dm
A = S (G Cor 0L/ O)

is very convenient.

These final values of fo were then used to deter-
mine y for a set of frequencies, from the curves of
Fig. 2: these values of y, with the final values of 1w,
sufficed to determine l A|/Aqfrom the proper curve
in Fig. 3, which, when multiplied with 4, and
cubed (for three stages), gave the necessary ordin-
ates for the curves of Fig. 4. Tubes of the 36 type
were used in each design, as they have proved
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exceptionally satisfactory as laboratory voltage amplifiers. The values
of g» and R shown in the table were directly measured; they may be
controlled to some extent by variation of screen voltage.

Regeneration might be used to modify the shape of any characteris-
tic, but would seriously complicate the design problem. It may be
avoided entirely by adequate shielding and the use of separate batteries
for each stage; the low currents and moderate voltages required make
the latter procedure economically feasible. However, two stages of less
than one hundred gain per stage may usually be safely operated from
common batteries.
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BOOK REVIEW

The National Physical Laboratory Report for the Year 1931. Published by His
Majesty’s Stationery Office, London, for the Department of Reientific and
Industrial Research. 313 pages, paper cover. Price, 15 s. Od. Net.

The first thirty-odd pages contain the report of the Executive Committee’
being a brief outline of the work carried on by the various departments of the
National Physical Laboratory. There are fourteen pages listing the papers pub-
lished by the Laboratory or members of its staff for the years 1930 and 1931,

Reports on the several departments of the Laboratory follow. In these re-
ports sections are found dealing with the following items: heat, general physics,
radiology, sound, optics, electrical standards and measurements, electrotechnics,
wireless, photometry, all kinds of measurements and measurement equipment,
engineering research, aerodynamies, metallurgy, and various studies in the de-
sign of ships.

The radio engineer will be most interested in the report of the Electricity
Department, forty-three pages of which are devoted to electrical standards and
measurements, and radio. A brief description and some results obtained with
tuning fork standard are given. Another frequency standard briefly described is
a quartz ring, with six pairs of electrodes alternately placed near the inner and
outer surfaces of the ring.

Other radio subjects treated include international frequency comparisons,
standard frequency transmissions, radio-frequency bridge, radio transmission
researches, antennas for transmission and reception, propagation of electric
waves along earth’s surface for frequencies above 30,000 ke, electrical properties
of earth’s surface at radio frequencies, measurements of plate-grid capacity of
screen-grid tubes, measurement of current at radio frequencies, percentage
modulation, total harmonic content in an alternating current, and development
of a simple constant frequency oscillator.

*. L. Hann

* Bureau of Standards, Washington, . C.
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BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED I

Copies of the publications listed on this page may be obtained gratis by
addressing a request to the publisher or manufacturer.

A number of bulletins and catalogs describing the various products manu-
factured by the National Carbon Company, Inc., New York, N.Y., are available.
Among these, perhaps the most interesting to radio men is the folder describing
radio receiving tubes, A, B, and C batteries including the air cell battery, and the
12-page technical bulletin giving characteristics of and suggestions for the opera-
tion of Eveready-Raytheon phototubes and glow discharge lamps.

The Pacent Electric Company, 91 Seventh Ave., New York, N.Y., has
available a number of leaflets describing their products. Form No. 22 is a catalog
of their duo lateral coils and contains an abac showing the relationship between
frequency, inductance, and capacitance. Forms 48, 50, 514, and 56 describe
various electric phonograph devices, particularly tone arms. Form No. 55 and a
leaflet bearing no form designation describe a series of portable sound motion
picture projectors for home entertainment.

The numerous sizes and shapes in which shakeproof lock washers and
terminals may be obtained are illustrated in a 20-page catalog issued by the
Shakeproof Lock Washer Company, 2501 N. Keeler Ave., Chicago, I11.

A loose-leaf binder containing a series of technical bulletins gives operating
data on the entire line of vacuum tubes manufactured by the Hygrade Sylvania
Corporation, Emporium, Pa.

The Yaxley Line of small parts so necessary to the manufacturer, service-
man, or experimenter is illustrated in a 12-page catalog entitled “Approved
Radio Products.” The Yaxley Manufacturing Company is a division of P. R.
Mallory & Company, 3029 E. Washington St., Indianapolis, Ind.

A great number of bulletins illustrating the numerous products manufac-
tured by the Ward Leonard Electric Company, Mount Vernon, N.Y., are avail-
able upon request. Although Ward Leonard manufactures resistance devices for
a great number of nonradio uses, the following bulletins are of interest primarily
to radio men: Circular 507, describing vitrohm resistors and rheostats for radio
purposes, Bulletin 80,000 showing vitrohm plaque noninductive, non-capacitive
resistors; Sheet No. 1006, showing vitrohm stamped steel rheostats; Data Sheet
%1007 describing the type TD2 time delay relay for use with mercury vapor recti-
fier tubes; Data Sheet 81008 giving details of the type A midget magnetic re-
lays for a-c or d-c operation; Bulletin 69 describing battery charging equipment;
Bulletins 79 and 79000 describing faders and volume controls for broadeast sta-
tions and public address systems.

o et > @ < @ - o
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RADIO ABSTRACTS AND REFERENCES

HIS is prepared monthly by the Bureau of Standards,* and is intended to

cover the more important papers of interest to the professional radio

engineer which have recently appeared in periodicals, books, etc. The
number at the left of each reference classifies the reference hy subject, in ac-
cordance with the “Classification of Radio Subjects: An Extension of the Dewey
Decimal System,” Bureau of Standards Circular No. 385, obtainable from the
Superintendent of Documents, Government Printing Office, Washington, D. C,,
for 10 cents a copy. The classification also appeared in full on pp. 1433-56 of the
August, 1930, issue of the PROCEEDINGS of the Institute of Radio Engineers.

The articles listed are not obtainable from the Government or the Institute
of Radio Engineers, except when publications thereof. The various periodicals
can be secured from their publishers and can be consulted at large public libra-
ries.

R000. Rapio (GENERAL)

R0O30 Acoustic nomenclature and definitions. Wireless Engineer &
X534 Ezxperimental Wireless (1.ondon), vol. 9, pp. R07-309; June, (1932).

An account of several German units is given.

R100. Rapio PRINCIPLES

R113 M. J. O. Strutt. Zusammenfassender Bericht: Der Einfluss der
Erdhodeneigenshaften auf die Ausbreitung elektromagnetischer
Wellen. (A comprehensive treatment: The influence of the proper-
ties of the earth’s surface on the transmission of electromagnetic
waves.) Hochfrequenz. und Elekiroakustik, vol. 39, pp. 177-185;
May, (1932).

The treatment is divided into four parts. The first part treats electromagnetic
radiation without an earth. Part II is devoted to radiation diagrams under the in-
fluence of the earth. Part I1I treats the field strength on the earth’s surface. Part IV
takes up the experimental determination of the “Irdbodeneigenshaften.”

R113.5 C. G. Abbott. Solar and radio periodicities. Science, vol. 75, p.
607; June 10, (1932).

A comparison of data given in “Periodicity. in solar radiation” by (:. G. Abbott and
;. T. Bond (Smithsonian Misc. Coll., vol. 87, No. 9), and “Tables of North Atlantic
radio transmission conditions for long-wave daylight signals for the years 1922~-1930"
(Proc. LR.E., vol. 20, April, (1932)) show clearly a relation between golar radiation
and radio transmission phenomena.

R113.6 . Ollendorff. Die Adsorption kurzen Wellen in Giehiiuden. (The
absorption of short waves in buildings). Elek. Nach. Tech., vol. 9,
pp. 181-194; May, (1932).

A theoretical treatment is given which is based on the consideration of a sim[.)lc-
model. The passage of electromagnetic current through a house wall, theory of series
reflection, the transmission law, propagation on a periodically interrupted chain sys-

tem are topics which receive theoretical consideration.
* T'his list compiled by Mr. A. H. Hodge and Miss K. M. Zandonini.
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R116

R1i25

R126 X R326
X R387.5

R133
X R33%

R140

R140

R140

Radio Abstracts and References

P.S. Carter. Circuit relations in radiating systems and applications
to antenna problems. Proc. 1.R.E., vol. 20, pp. 1004-10041;
June, (1932).

Expressions for the self and mutual impedances within a radiating system are de-
veloped by the use of the generalized reciprocity theorem. A method for the deter-
mination of the field intensities is outlined. Formulas for the self and mutual impe-
dances in several types of directional antennas are given. Questions of practical in-
terest in connection with arrays of half-wave dipoles, long parallel wires, and “V".
type radiators are discussed. Different types of reflector systems are considered
Curves of the more important relations are shown. The mathematical development
is shown in an appendix.

Gi. L. Davies and W. H. Orton. Graphical determination of polar
patterns of directional antenna systems. Research Paper No.

-

435. Bureau of Standards Journal of Research, vol. 8 pp. 535—
569; May; (1932).

This paper describes graphical methods for the determination of polar patterns of
directional antenna systems.

H. M. Towne. Lightning arrester grounds. General Eleciric Re-
vtews, vol. 35, pp. 173-77, March; pp. 215-21, April; pp. 280 -83,
May, (1932).

The general characteristics of grounds, the factors affecting their resistance, the
advantages of artificial treatient, maintenance and testing and general considera-
tions with respect to various classes of electric circuits are discussed. Driving ground
electrodes and making connections thereto, artificial treatment of soil, energy dis-
sipation in soil, impulse characteristics, and resistance values are treated. Pole-type
and station-type arrester grounds, common neutral ground wire, overcoming ad-
verse conditions, railway and signal arrester grounds, inspection and measurement
are discussed.

W. Dehlinger. On the ultra high-frequency oscillation of the mag-
netostatic vacuum tube. Physics, vol. 2, pp. 432-42; June, (1932).

A physical picture of the phenomena during the electronic oscillation in the mag
netostatic oscillator is given. The notion of a critical radius for plate voltages varying
between a larger and a smaller value of the critical for a given constant magnetic
field is developed. The flying time of the electrons is discussed in its relation to the
voltage distribution, The falling angle is expressed in a simple way.

M. Osnos. Eigenshaften eines freischweingenden Kreises der
selbstinduktion, Kapazitit, und Verlustwiderstand in Reichen-
shaltung enthilt. (Characteristics of an oscillating circuit which
contains inductance, capacitance and resistance connected in
series). Hochfrequenz. und Elektroakustik, vol. 39, pp. 173-177;
May, (1932).

A simple series circuit is treated mathematically for free and damped oscillations.
It is shown that an oscillating circuit has besides the zero current, three distinct cur-
rent values (maximum current, “Halbzeitstréme,” and initial current). The equation
for the current is constructed.

-

N. Howitt. Equivalent electrical networks. Proc. 1.R.E., vol.
20, pp. 1042-1051; June, (1932).
The paper shows how to obtain, by a matrix multiplication, networks equivalent

at all frequencies to a given network, as well as the networks, with the least number
of elements.

M. Reed. The analysis and design of a chain of resonant circuits.
Wireless Engineer & Ezxperimental Wireless (London), vol. 9,
pp. 259-268, May; pp. 320-324, June, (1932).

An analysis is given of a chain of resonant circuits consisting of two, three, and
four links respectively, I’art II is concerned with the factors which influence the de-
sign of the above system. It is shown that the design of chains containing an odd

number of links must be treated differently from those which contain an even number
of links.




*e

Radio Abstracts and References 1411

R141.2 R. H. Langley. The application of permeability tuning to broad-
xX R361.1 cast receivers. Radio Engineering, vol. 12, pp. 17-22; May, (1932).

I).escription of a new method of providing variable inductanece tuning for radio
receivers. A core of apecial material is inserted into a coil to provide tuning.

R142.5 I.. Gi. A. Sims. Capacitive output coupling. Wireless Engineer &
Experimental Wireless (London), vol. 9, pp. 314-319; June, (1932).

A lt‘heoreti('al consideration of the proper capacity to be used in capacitive output
coupling.

R14K.1 C. L. Farrar. Measurement of class B amplifier distortion. Elec-
tronics, vol. 4, pp. 196-198; June, (1932).

A method of measuring the per cent distortion of a class B amplifier is given.
Representative experimental data are discussed with graphs.

R14Y J. R. Nelson. Some notes on grid circuit and diode rectification
Proc. 1. R. E., vol. 20, pp. 989-1003; June, (1932).

The equivalent input resistance of a grid leak and condenser in parallel and the
combination in series with a diode or the grid cathode circuit of a triode are calcu-
lated for various combinations by means of the static Iy — E, characteristics and an
extension of the work of Colebrook and Peterson and Llewellyn. Experimental re-
sults and conclusions are given.

R165 A. R. Barfield. Dynamic speaker design. Electronics, vol. 4, pp.

188—190; June, (1932).
An analytical treatment is given which deals with the design of the magnetic cir-

cuit and driving coil which is attached to the diaphragm.

R165 D. N. MeclLachlan. On the symmetrical modes of vibration of
truncated conieal shells; with applications to loud speaker dia-
phragms. Proc. Phys. Soc. (London), vol. 44, pp. 408-425; May 1,
(1932).

1t is shown that in general the stresses in a vibrating conical shell are so compli-
cated that the problem is unsuited to analytical treatment. Experimental work with
paper, glass, and aluminum shells is described.

R200. Rapio MEASUREMENTS AND STANDARDIZATION

R210 1. O. Peterson and A. M. Braaten. The precision frequency meas-
uring system of R.C.A. Communications, Ine. Proc. LR.E., vol.
20, pp. 941-956; June, (1932).

A frequency measuring system is described wherein radio transmitter freguencjes
are compared with the harmonics of a piezo-electric frequency standard. Discussion
of apparatus used, errors and operating aspects are given.

R214 (i. W. Fox and W. Gi. Hutton. Experimental study of parallel-cut
X R281. piezo-electric quartz plates. Physics, vol. 2, pp. 143-—147; June,
(1932).

Y-cut piezo-electric quartz plates were studied with respect to the charges de-
veloped on the plates when oscillating near their resonant frequencies. The attractive
force between crystal and electrodes was measured. Two methods for determining
the piezo-electric voltage developed across the crystal are suggested. 1t is cqnclu.de(l
from a study of crystal breakage that fracture is due to intense mechanical vibration,

R220 J. A. von den Akker. A method for measuring small capacities.
Rev. Sci. Inst., vol. 3, pp. 225-229; May, (1932).

A simple method for measuring small capacities is described.

R241.5 [.. Behr and A. J. Williams, Jr. The Campbell-Shackelton shielded
ratio hox. Proc. LLR.I., vol. 20, pp. 969-988; June, (1932).

The Campbell-Shackelton shielded ratio box is intendgd to serve as a nucleus of a
one-to-one bridge for the comparison of impedances. The tr,gnsf()rllner used in it
operates successfully over the range from 50 to 50,000 eycles. I'he box may be used
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to form either a bridge with a Wagner earth connection or n bridge in which the
Junction point of the “standard” and “x” arms is grounded

IT. Schwarz. Strommessung bei sehr hohen Frequenzen. (Current
measurement at very high frequencies). Hochfrequenz. wund Elek
lroakustik, vol. 39, pp. 160 171; May, (1932).

A comprehensive treatment of the subject is given. A preliminary investigation
treata the possibility of comparing current measuring apparatus and the skin effect
Methods of measuring current are then given. Each instrument and its uses sre
briefly discussed. A method based on the permeability of iron between 2 X107 and
2 X 10* ¢cycles 18 given
H. Kaden. Uber die Frequenzenterrung von Messgeraten NMIT
Trochengleichrichtern. (On the frequency correction of messuring
apparatus with dry rectifiers). Klekt. Nach. Tech., vol. 9, pp. 175
181; May, (1932).

It is shown that by the choice of input trausformers und supplementary apparatus
one may go 4 long way toward making measurements with instruments containing
rectifiers independent of frequency. For voltage measurement, distinction is to be
mude between cuses with and without previous amplification. Voltuge and current
measuring apparatus are considered

W. Greenwood. A valve voltmeter method of harmonic anulysis
Wireless Engineer & Experimental Wireless (London), vol. 9,
pp. 310 313; June, (1932).

A method for measuring the harmonies produced by sudio-frequency transformers
A voltmeter needle is caused to swing with a beat frequency between the harmonic
and a generated frequency. The ratio of the amplitude of swing when the generated
frequency is near the harmonic to the amphtude of swing when generated frequency
is near the fundamental is a measure of the harmonic amplitude
A. T. Starr. An aperiodic impedance measuring set. Wireless
Engineer & Experimental Wireless (London), vol. 9, pp. 325 328,
June, (1932).

A convenient method of measuring impedance is given Very simple apparatus and
no mathematics is involved.
E. D. McArthur. Determining field distribution by electronic
method. Electronics, vol. 4, pp. 192 194; June, (1932).

A system is described which is capable of rapidly determining the electric or mag
netic field distribution about complicated structures with good [CCUTACY 1N cnBses
where Laplace’s equation applies

R300. Ravio Aprpararus axp Fquirsest

A. W. Hull. Electronic devices us aids to research. *hysics, vol 2,
pp. 409 431; June, (1932).

This article contains information on several uses of vacuum tubes, thyratrons, etc

Progress in radio tubes. Iadio Eungineering, vol. 12, pp. 31 32
May, (1932).

Characteristics of a group of new tubes

A new group of receiving tubes. QS7, vol. 16, pp. 35-36; June,
(1932)

Pertinent information on the 56, 57, and 5% type vacuum tubes

W. R. Lyon. Transformer equipment for large experimental radio-
telephone trunsmitter. Bell Laboratory Iecord, vol. 10, pp. 357
361; June, (1932).

Description of apparatus used in experimental long-wave transoceanic radio trans-
mitter
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H. N. Kozanowski. A new circuit for the production of ultra-
short-wave oscillations. Proc. [.R.E., vol. 20, pp. 957 -968; June,
(1932).

This circuit consists of two tubes connected by symmetrical plate and filament
Lecher systems instead of the usual.plate-grid arrangement. The frequency of the
oscillations is determined by the length of the plate Lecher circuit. Tuning of the
filament Lecher systeni governs the amplitude of oscillations.

(. A. Culver. An electrostatic alternator. Physics, vol. 2, p. 4485
June, (1932).

By utilizing a continuously varying capacitance means are developed whereby a
pure sine wave, as well as special forms may be produced. Filtering is not required.
The theory underlying the production of any desired wave form is outlined. Factors
which tend to modify the resultant wave form are pointed out.

D. Hale. An audio oscillator of the dynatron type. Rer. Sci. Inst.,
vol. 3, pp. 230-234; May, (1932).

An oscillator is described which makes use of the fact that a four-element vacuum
tube may have a negative internal resistance under certain conditions. The oscillator

is capable of frequency variation over a wide range by the variation of this negative
internal resistance.

G. Grammar, The A, B and C amplifier classification. QS7, vol.
16, pp. 25-31; June, (1932).

The identification of amplifiers as class A, B, and C is explained.

S. K. Waldorf. Amplifiers for precise oscillographic measurements.
Jour. Franklin Institute, vol. 213, pp. 605-622; June, (1932).

A careful study is made of the conditions that an amplifier for use in oscillographic
measurements must meet. A suitable amplifier is described. A method of compen-
sating for the steady component of plate current is given. Photographic technique is
also considered.

L. L. Ringuet. I.’amplificateur a lampes d’une grand sensibilité
permet d’éclairer les preblemes de physique nucléaire: Transmuta-
tion rayonnements ultrapénétrants et cosmiques. (The vacuum-
tube amplifier of great sensitivity makes possible the explanation
of problems of physical nuclei: Transmutation of ultrapenetrating
and cosmie radiation.) L'Onde Electrique, vol. 11, pp. 157-181,
April, (1932).

The use and description of an amplifier of high sensitivity which is used in ampli-
fying small charges is given.

C. E. Stromeyer. An improved 120-volt d.e. audio amplifier.
Electronics, vol. 4, pp. 194-195; June, (1932).

An amplifier which operates from a d-c power line is described. The triple-twin
type 291 vacuum tube is used.
W. L. Parsons. Loud speakers with independent control added to
radio receivers. Radio Engineering, vol. 12, p. 29; Muay, (1932).

Methods of installing several loud speakers on one output are given.

1. I.. White and E. A. von Atta. Electrolytic resistors of high re-
gistance. Rev. Sci. Inst., vol. 3, pp. 235-238; May, (1932).

Resistors of from 1 X108 to 3 X101 ohms have been obtained by gealing capillary
bridges between calomel electrodes made up of dilute KCL saturated calomel solu-
tions.

H. Neustadt. Thyratron linear time axis for cathode-ray oscillo-
graph. Electronics, vol. 4, pp. 108-199; June, (1932).
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A condenser placed across plate supply to a thyratron builds up a voltage (linearly
with respect to time) which breaks down a kenotron thus discharging. Provision is
made for changing frequency of discharge. The circuit may be used at frequencies
up to or above 10,000 cyeles.

R400. Rap1o COMMUNICATION SYSTEMS

K. O, Thorp. Pacific Gas and Electric extends its carrier system.
Bell Laboratory Record, vol. 10, pp. 350-356; June, (1932).

Description of a power-line-carrier telephony system.

R500. AprpLicaTiONs oF Rabio

M. von Ardenne. The transmission and reception of ultra-short
waves that are modulated by several modulated high frequencies.
Proc. I.R.E., vol. 20, pp. 933-940; June, (1932).

Two modulation connections are shown. Receiving and transmitting apparatus is
described.
A. E. Lyle. Sources of light for television. Radio Engineering, vol.
12, pp. 16; May, (1932).

Descriptions of modern type, flat plate, and crater lamps for television uses.

R600. Rap1o STaTIiONS

R. L. Davis and V. E. Trouant. Westinghouse radio station at
Saxonburg, Pa. Proc. I.R.E., vol. 20, pp. 921-932;: June, (1932).

General description of power supply and station equipment.

H. W. Ewen. The new high-power broadcast station at Beromun-
ster, Canton Lucerne. Marconi Review, No. 35, pp. 1-14; March—
April, (1932).

A new transmitter capable of introducing into the antenna system unmodulated
energy of 60 KW and of transmitting on any frequency between the limits of 1000
and 500 kes is described.

Strong, Mirk, and Gallant. Le grand poste de radio-diffusion de
Prague. (The large broadcast transmitting station at Prague.)
L’Onde Electrique, vol. 11, pp. 182-208; April, (1932).

, A general description of the new 200-KW transmitting (broadcast) station at
Prague.

R&OCG. NONRADIO SUBJECTS -

W. Cauer. Ideale Transformatoren und lineare Transformation.
(Ideal transformers and linear transformations.) Eleki. Nach.
Tech., vol. 9, pp. 157-174; May, (1932).

The equations for & 2n terminal network are set up. An extensive mathematical
treatment using matrices is given.

R. Giirtler. Hochstausnutzung von gleichstrombelasteten "Eisen-
kerndrosseln. (The maximum efficiency in iron-cored coils carrying
direct current.) Hochfrequenz. und Elektroakustik, vol. 39, pp.
171-173; May, (1932).

It is shown that the product of the inductance and the square of the direct current
for the highest allowable loss reaches a maximum value, from which the highest
efficiency of a coil type is determined

A. T. Starr. The nonuniform transmission line. Proc. I.R.E., vol.
20, p. 1052-1063; June, (1932),
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The problem of transmission of periodic waves along a transmission line whose

series impedance and shunt admittance per unit length vary as any powers of the
distance from some point is solved. The results can be applied to the cases of a tapered
submarine cable, an overhead line with a pronounced sag, and end effects in a high-
tension line.
621.374.2 A. Heminway and J. F. McClendon. A. (. Wheatstone bridge for
audio and radio-frequency measurements. Physics, vol. 2, pp.
306-402; May, (1932).
Description of a Wheatstone bridge suitable for making biological measurements.
621.374.7 W. W. Hansen. A lecture demonstration oscillograph. Rer. Sci.
Inst., vol. 3, pp. 305-308; June, (1932).

A cathode-ray oscillograph with a linear time scale is described. The apparatus I8
designed for deinonstration use and will illustrate either 60 cycle or transient phe-
nomena.

621.375.1 R. W. Carson. A grid-glow micrometer. Electronies, vol. 4, p.
191; June, (1932).

Needle point contacts cause a grid-glow tube to conduct, thus indicating when

contact is made.
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CONTRIBUTORS TO THIS ISSUE

Berejkoff, Anatole P.: Born 1893 at Tomsk, Russia. Received E. E. degree
and B.8. degree in M.E., Polytechnic Institute of Petrograd and Angola.
Technical work for the Russian Government, Departments of War and Means of
Communication, 1914-1918. General Electric Test Course, 1920; radio engineer-
ing department, General Electric Company, June, 1921 to date. Associate
member, Institute of Radio Engineers, 1923.

Berkner, L. V.:

Fick, Clifford G.: Born 1904 at Ida Grove, lowa. Received B.S. degree in
E.E., Towa State College, 1925. General Electric Test Course, 1925; radio en-
gineering department, General Electric Company, 1927 to date. Associate mem-
ber, Institute of Radio Engineers, 1925.

Hanson, O. B.: Born 1894 at Huddersfield, England. Attended Royal
Masonic Institute, Bushey, Hertfordshire. Chief radio operator, S. S. Stephano,
1916. Test department, Marconi Company at Aldene, N. J., 1917-1921; engi-
neer in charge, Station WAAM, 1021-1922; assistant plant manager, radio
broadeasting department, American Telephone and Telegraph Company,
operating WEAF, 1922-1923; plant manager, 1923-1926. Manager, plant opera-
tion and engineering, National Broadeasting Company, 1926 to date. Member,
Acoustical Society of America. Associate member, Institute of Radio Engineers,
1918; Member, 1927,

Honeyball, L. L.:

King, Ronold: Born September 19, 1905, at Williamstown, Massachusetts.
Received A. B. degree, University of Rochester, 1927; M. S, degree, 1929; Ph. D.
degree, University of Wisconsin, 1932, American-German Exchange Student at
Munich, 1928-1929; White Fellow in Phuvsics, Cornell University, 1929-1930;
University Fellow in Electrical Engineering, University of Wisconsin, 1930--1932.
Associate member, Institute of Radio Engineers, 1930.

Luck, David G. C.: Born 1906 at Whittier, California. Received B. 3. de-
gree, 1927; Ph. D. degree in physics, 1932, Massachusetts Institute of Tech-
nology. Research assistant, Raytheon Manufacturing Company, 1927. Fellow in
Physics, Massachusetts Institute of Technology, 1927-1929. Research engineer,
Thomas A. Edison, Inc., 1929. Assistant, department of physics, Massachusetts
Institute of Technology, 1929-1932. Nonmember, Institute of Radio Engineers.

McNally, J. O.: Received B. 5. degree, Uiniversity of New Brunswick, 1924,
Since 1924 with Western Electric Company and Bell Telephone Laboratories,
engaged in vacuum tube development and in the study of distortion in vacuum
tube output. Associate member, Institute of Radio Engineers, 1926,

Mouromtseff, Ilia Emmanuel: See Proceedings for May, 1932,
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Noble, H. V.: Born April 14, 1907, near Noblesville, Indiana. Reeeived
3. 2. degree in E. K., Purdue University, 1929. Vacuum tube engineering de-
partment, Grigsby-Grunow Company, 1929; research laboratories, Westing-
house Electrie and Manufacturing Company, 1930 to date. Member, Eta Kappa
Nu; associate member, Sigma Ni. Associate member, Institute of Radio Engi-
neers, 1931.

Palmer, Lionel S.: Born August 2, 1891, at London, England. Graduate,
Bristol University, 1913. Captain, British Army, 1914-1918. Received M.S. and
Ph.D. degrees, 1919-1920. Radio research enginecr, H. M. Navy, 1920-1922.
l.ecturer in Radio Engineering, 1922-1924; Head of Physies Department, Man-
chester College of Technology, 1924-1926; professor of Physics, University
College of Hull, 1927 to date. Member, I.LE.E., Fellow, Institute of Physies.
Nonmember, Institute of Radio Engineers.

Ritter, E. W.: Born 1902 at Orangeville, Indiana. Received B. 8. degree in
E. E., Purdue University, 1925. Nela Park Works, General Electric Company,
Cleveland, Ohio, 1925-1930; research and development laboratory, RCA Radio-
tron Company, Ine., 1930 to date. Member, Institute of Radio Kngineers, 1930,

Schmit, D. F.: Born 1902 at, Port Washington, Wisconsin. Received B. 5.
degree in L. K., University of Wisconsin, 1923. Research laboratory, General
Electric Company, Schenectady, 1923-1926; E. 1. Cunningham, Inc., 1926-
1931; in charge, application engineering section, research and development
laboratory, RCA Radiotron Company, Inc., 1931 to date. Associate member
Institute of Radio Engineers, 1925.

von Ardenne, Manfred: See ProcEEDINGS for June, 1932.

Warner, J. C.: Born February U4, 1896, at Freeport, Indiana. Received
B. A. degree, Washburn College; M. A. degree, University of Kansas; M. S.
degree in 1. K., Union College. Radio work, Signal Corps, U. S. Army, 1917-
1919; instructor in physics, University of Kansas, 1919-1920; assistant physicist,
Bureau of Standards, 1920; research laboratory, General Electric Company,
1920-1930; vacuum tube engineering department, 1930 to June, 1931; manager,
research and development laboratory, RCA Radiotron Company, Inc., 1931 to
date. Associate member, Institute of Radio Engineers, 1919; Member, 1926.

oy D > @ < G e







The NewTapped Bradleyometer

AUDIO AMPLIFIER

B AUDIO AMPLIFIER I

OQUTPUT

¥ TAPPED
BRADLEYOMETER'

A top on the resistance element i3 A single-pole line switch approved
by the Underwriters’ Laborotories and
the Hydro Electric Power Commission of
Onlario with a rating of 2 amperes,
125 volts, can be provided within the
Brodleyometer and i operated
by the regulor conirol knob

brought out 1o o fourth terminal. The
network necessary to provide tone
correction is usually connected
between this tap and the grounded or
low potentiol end of the Brodiey
ometer. {See above diagrams.

for mm——

Automatic Tone Correction
with Volume Contirol

of reproduction remains the same for all volume
control seftings. The new topped Brodleyometer
ochieves this result in any one of severol audio
frequency networks and outomatically occomplishes
tone correction with volume changes. Write for
complete dota on the new tapped Bradleyometer.

The sound pressure representing the threshold of
oudibility vories greotly with the frequency ond is
a great deal higher ot low ond high frequencies
thon in the middle register. Therefore, the volume
control unit must vory the frequency charocteristics
of the audio omplifier so that the opporent quality

Bradley Suppressors ore Bradleyunit Resistors ore
speciol solid molded resistors, mode in five sizes, with or
used by prominent cor manufac- without leads, ond are R.M A,
turers to provide individual re- color coded for resistance valye
sistors for eoch spork plug ond identificotion. These solid
for the common coble to the dis- molded resistors ore accurotely
tributor on radio-equipped cars. calibrated and have great
They increase the resistance mechanical strength.
of the high tension ignition sys- Bradleyunit Resistors are used
tem ond minimize the disturbing by the world's largest radio man-
oscillations in the ignition circuit vfacturers, becouse their resist-
which interfere with the radio ance valueis stableundervarying
receiver in the car. When used conditions of load, temperature,
with suitable by-pass condensers and moisture. Don't risk the repu-

in other parts of the circuit, é'B tation of your receiver with paor

shietded ignition cobles are un- resistors. Get an Allen-Bradley
necessory. Write for dota, today. quotation on your next order.

Allen-Bradley Co., 116 W, Greenfield Ave., Milwaukee, Wis.

ALLEN-BRADLEY RESISTORS

Produced by the makers of Allen-Bradley Control Apparatus

When writing to adverliscrs miention of the PROCEEDINGS will be mutually helpfud.
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They Still Stand On The

VERDICT - SUENCE

BLUE TUBES have invariably passed scientific tests imposed
by the industry’s most critical engineers. The verdict
of these jurors of science is that Arcturus Blue Tubes are
superior tubes.

Ask any engineer, set manufacturer or technician in the
United States or in 74 foreign countries where Blue Tubes
are sold and you’'ll have the same verdict —Blue Tubes are
superior tubes.

Guarding Arcturus quality are 137 tests and
checks that each and every tube must pass.
That’s why more manufacturers use Arcturus
than any other tube. That's why the jury of
science renders the verdict of superiority.

Moreover, Arcturus pioneered the most
modern tube developments — long life, quick-
heating, unitary structure — and many major
advances in a. c. tubes.

ARCTURUS RADIO TUBE Co., NEWARK, N. J.

ARCTURUS

The BLUE TUBE with the LIFE-LIKE TONE

Whew wiiting to advertisers mention of the PROCEEDINGS will be mutually helpful,
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SPECIAL ITEMS FOR
RADIO MANUFACTURERS

Readily adaptable to

. other specifications =
No. 7280A No. 7260A
3 gang, 4 positions 3 gang, 2 positions
single circuit 2 circuits

' No. 7150A No. 7120A No. 7220A
5 positions, 2 circuits Combined Acoustic and mut- 12 positions, single circuit
’ ing switch 2 or 3 positions

Terminal Strip Terminal Strip
5 Lugs No. 6880A, 4 lugs No. 6990A 4 Clips, No. 6830A

el el o)
i £ 4 ¢
QU0 B8 -
Terminal Stri Terminal Strip
! 5 Luegt:mll\?o. 65';0A 5 Clips, No. A6310AA, 4 Clips No. A6320AA

‘ SORENG - MANEGOLD CO.
1901-9 Clybourn Avenue, CHICAGO, ILL.

1646 W. Adams St. 701 Stephenson Bldg. 245-5th Ave.
o7 Los Angeles, Cal. Detroit, Mich. New York City

When writing to advertiscrs miention of the PROCEEDINGS will be mutually helpful.
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He MAY be downtown at the office
or a hundred miles away . . . yet
that happy, eager voice wings
across the wires, straight into his
heart. It summons up a sudden,
tender warmth. It sweeps away
cares and worries. It brings sure,
comforting knowledge that all is
well at home.

Only a small voice, speaking into
a telephone. But it can create a
moment that colors the whole day.

If you stop to reflect, you will
realize how immeasurably the tele-
phone contributes to your family’s
happiness and welfare. It is a fleet
courier . . . bearing messages of
love, of friendship. A priceless
helper . . . ready to aid in the task

of running a household. A vigilant
guardian . . . always at hand when
emergencies arise.

Security, convenience, contact
with all the world—these things
the telephone brings to your home.
You cannot measure their value in
money. You cannot determine the
ultimate worth of telephone service.

But consider, for-a moment, that
your telephone is one of a country-
wide system of nineteen million
others — a system of many million
miles of wire served by hundreds
of thousands of employees. Yet
you pay only a few cents a day for
residential use. And you enjoy the
most nearly limitless service the
world affords.

AMERICAN TELEPHONE AND TELEGRAPH COMPANY

PO
/e‘_}‘—— 2
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When writing to advertisers mention of the Proceepines will be mutwally helpful,
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CHANGE IN MAILING ADDRESS
OR BUSINESS TITLE

Members of the Institute are asked to use this form for notify-
ing the Institute office of a change in their mailing address or
the listing of their company affiliation or title in the Year Book.

The Secretary,

THE INSTITUTE OF RADIO ENGINEERS,
33 West 39th Street,

New York, N.Y.

Dear Sir:

Effective ......... _....... ... please note change in my address
(date)
for mail as follows:
FROM
(Name) ..............................

(City and State)
Please note following change in my Year Book listing.

—__—_———-——————..—_—_—.__—_——-——
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EMPLOYMENT PAGE

’ Advertisements on this page are available to members of the Institute of Radio
Engineers and to manufacturing concerns who wish to secure trained men for
| positions. All material for publication on this page is subject to editing from
the Institute office and must be sent in by the 15th of the month previous to the
month of publication. (August 15th for September PROCEEDINGS IRE, etc.)
Employment blanks and rates will be supplied by the Institute office. Address
requests for such forms to the Institute of Radio Engineers, 33 West 39th
Street, New York City, N.Y.

MANUFACTURERS and others seeking radio engineers are invited to ad-
dress replies to these advertisements at the Box Number indicated, care the
Institute of Radio Engineers. All replies will be forwarded direct to the ad-

vertiser.

COMMUNICATION ENGINEER with seven years experience including
design and specifications for carrier telephone and telegraph equipment, cable
testing and laying, and broadcast program circuits for Bell System and public
utility corporation. Desires any position in communication industry, especially
radio or electrical laboratory or studio control and operating work. B.S. in
EE. 1927 Age 26. Married. Will travel. Box 128,

RADIO ENGINEER having three years laboratory work and four and one
half years additional responsible position in charge of laboratory of midwest
radio manufacturer. Desires position where past training can be most profitably
employed. Past experience includes design and production of radio recervers
design of television equipment and commercial operating. College man. Single.
Will travel. Age 33. Box 131.

COLLEGE GRADUATE with two years broad factory experience as stu.
dent engineer, half year field engineer on construction, supervisor, investiga-
tion of customer's premises, and two and one half years development of
telephone system power plants. Desires immediate position as development,
field or plant maintenance engineer. Best of references. EE. 1927: M.S. in
E.E. 1931. Single. Will travel. Age 26. Box 132.

When writing to advertisers mention of the ProceepiNes will be mutually helpful,
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Power

really

Portable!

Heintz and Kaufman Ltd. portable and aircraft equipment was the choice of
Rear Admiral Richard E. Byrd, Sir Hubert Wilkins and Captain Charles
Kingsford-Smith—it should be your choice!

( The Type 300 Engine Generator weighs 31 pounds and occupies a space of but
10" x 12" x 14" over all.

@ There are only three major moving parts.
( There are no revolving windings, sliprings, commutators or brushes.
@ The output is governed electrically without moving parts.

@ The output, 300 watts, at 350 cycles may be transformed to any voltage for use
directly or through rectifiers and filters. Either single or two-phase can be supplied.

@ In addition to its use for operating radio transmitters, the Type 300 unit will
supply power for general lighting, searchlights, moving picture projectors, x-ray tubes,

Neon signs—the uses being limited only by the power.

Q@ Our years of experience in the development of light weight equipment are at your

disposal in the sensible solution of your problems calling for portable power for any use.

( Descriptive literature on the Type 300 unit is available.

O))HEINTZ anv GSEQ KAUFMAN jj@

\.t12/"
\/

311 California St., San Francisco, Cal.

Factory, South San Francisco, Cal.

When writing to advertisers wiention of the Procegpincs will be mutually helpful.
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The new type TMV-18C

standard Signal Generator

Specifications

Frequency Range: 90 Kc. to 10,000 Kc.
using six shielded coils easily removable
from the front of the panel. Special coils
can be supplied for extending the range
from 25 Kc. to 25,000 Kc.

RFVoltage Output: Y4 microvoltto 2 volts
continuously variable, output substan-
tially constant over range of any coil.

Modulation: Internal 400 cycle oscillator
capable of modulating the output up to
80% in 10% steps. Provision for ¢xternal
modulation. Employsself-calibrating
modulation meter.

Output System : Special designedresistance
attenuator accurate to within 5% in the
broadcast and lower frequency ranges
and within 10%abovethebroadcastrange.
A precision, long scale, thermo-volt meter
is used to measure the voltage input to
the attenuator. Meter accuracy 0.25of 1%
at constant temperature.

Frequency Calibration: Accurate to within
0.25 of 1%. Frequency controlled by new
precision dial, 60:1 ratio, spreading 270

rotation of condenserover 4500divisions.

Lecukage: Potential differences between
any external grounded point, meters or
controls, is less than 0.1 microvolt. The
stray field is not sufficient to affect the
accuracy of measurements within the
range of the instrument. The oscillator
and attenuator are enclosedin heavy alu-
minum castings.

Mechanicul Features; Enclosed in heavy
aluminum shielding case finished with
black crackle lacquer. Dimensions ap-
proximately 21" x 12”7 x 9”, Weight ap-
proximately 40 lbs.

Tubes Required: 1 RCA-56; 1 UX-112A;
1 UX-230.

Price: Complete with six coils (90—
10,000 Kc.) and carrying case, $700.00.

INDUSTRIAL PRODUCTS SECTION

RCA Victor Company, Inc.

A Radio Corporation of America Subsidiary

CAMDEN, N. J.

“RADIO HEADQUARTERS”

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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New!---the

CINCH RADIO SOCKET
WITH

Floating contacts!

A3 d

Another Cinch achievement ! A new radio socket .. with flout-
ing contacls. Scientifically designed to eliminate all strain on
the bakelite . . . preventing warping and loss of tension after
tube is inscrted. Floating principle makes contacts sclf-align-

ing assuring a constant, rigid contact on cach tube prong. Three
styles of contacts. This construction climinates all holes gen-

| crally used for riveting contacts to Lakelite . . . making the
socket considerably stronger.

The new Cineh Radio Sockets are made for 4, 5 and 6-prong
tubes with 1274”7, 11%44” and 114" mowding centers.

Write for Blue print and samples . .. yours without obligation.

CINCH PRODUCTS:

Standard and Midget Size Radio Sockets . . . Binding
Posts . . . Soldering Lugs . . . Insulated Mounting Strips
. . . Tip-Jacks . . . Small Intricate Metal Stampings.

CINCH MANUFACTURING CORP.
2335 W. Van Buren St., Chicago, Ill.
Subsidiary of

UNITED-CARR FASTENER CORP.
CAMBRIDGE, MASS.

When writing lo advertiscrs mention of the PROCEEDINGS will be mutually helpful.
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Take Your Choice

Every member of the Institute of Radio Engineers will want
to wear one of these three attractive emblems. All of these
emblems are appropriately colored to indicate the various
grades of membership and each emblem is approximately the
size of the following illustrations.

A |

The Lapel Button is of 14k gold, with background enameled in the
membership color, and with the lettering in gold. The screw-back on
the back of this button fastens it securely to your coat.

$2.75 postpaid—any grade.

The Pin is also of 14k gold. It is provided with a safety catch and is
appropriately colored for the various grades of membership.

$3.00 postpaid—any grade.

The Watch Charm, handsomely finished on both sides, is also of 14k
gold. This charm is equipped with a suspension ring for aftaching to
a watch fob or chain.

$5.00 postpaid—any grade.

Orders, accompanied by checks made payable to the Institute
of Radio Engineers, should be addressed to

THE INSTITUTE OF RADIO ENGINEERS
33 West 39th Street
NEW YORK CITY, N. Y.

Send in your order now!

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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MERTRAN Portable
PUBLIC - ADDRESS SYSTEM

MERTRAN Type PA-71 is a com-

plete portable public-address system
mounted in two units which may be car-
ried about easily. Although of such com-
pact design, frequency characteristics and
the efficiency of the circuits equal in per-
formance the standard panel-type Amer-
Tran Sound Systems.

The equipment is mounted in attractive,
durable cases of quartered oak with nickel
plated hardware, fitted with convenient
handles. Plugs with cables facilitate rapid
connection of the apparatus. Instruments
and controls, with engraved bakelite des-
ignation strips are mounted

unit housing a rectifier and filter system.
The system may be operated wherever
110 volt, 60 cycle lighting circuits are
available, and the source of signal may be
microphones, phonograph or radio set.
Overall measurements on Type PA-71
indicate a frequency variation of less than
2dB throughout the band of 40 to 8000
cycles, and a gain which is ample for all
requirements, no additional preamplifier
being necessary when using microphones.
Unusual freedom from a.c. hum is also
obtained by supplying filaments of heater
type tubes with rectified and filtered cur-
instead of the
raw a.c. Furthermore, the

rent usual

on aluminum panels

The larger unit contains
a three-circuit mixer feed-
ing into a four-stage ampli-
fier having an undistorted
output of 33dB (12.5
watts). Operating power is
obtained from the smaller

equipment may be used
with all standard apparatus,
as the three input circuits
each have 200 ohms imped-
ance and the output has an

impedance of 500 ohms.

Write us direct for prices and further information.

AMERICAN TRANSFORMER COMPANY

Main Office and Factory

178 Emmet Sireet

When writing to advertisers mention of the

Newark. N. JJ.

ProcrLepines will be mtually helpful,

NIX




LICITY NYUSA
MPAT HEND

LEADERSHIP

It has been our privilege to work
with the foremost radio set manu-
facturers throughout the United
States and Canada, to make their
condenser problems our own and

to meet their particular requirements
on a commercial scale, quickly and
economically.

Our leadership has been gained
through our successful handling of
many such cooperative researches
throughout the radio industry. If
you have any changes in mind, we
feel confident you will benefit by
consulting us. We can assist you
materially. Put your condenser prob-
lem up to Cornell.

WRITE FOR CATALOG A

Describing our complete line of Paper Dielectric
Capacitors for radio, television and ignition, and
Resistors for radio and television.

CORNELL ELECTRIC MFG. CO.,,

Manufacturers of
CORNELL “CUB” CONDENSERS
Filter and By-Pass Condensers, Interfercnce Filters and
All Types of Paper Diclectric Capacitors and Resistors

LONG ISLAND CITY, NEW YORK

When writing to advertisers mention of the Procrevings will be nuutually helpful.
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The Institute of Radio Engineers

Incorporated
33 West 39th Street, New York, N. Y.
APPLICATION FOR ASSOCIATE MEMBERSHIP

(Application forms for other grades of membership are obtainable from the
[nstitute)

To the Board of Direction
Gentlemen:

I hereby make application for Associate membership in the Institute of Radio
Engineers on the basis of my training and professional experience given herewith,
and refer to the members named below who are personally familiar with my work.

I certify that the statements made in the record of my training and pro-
fessional experience are correct, and agree if elected, that I will be governed by the
constitution of the Institute as long as I continue a member. Furthermore 1 agree
to promote the objects of the Institute so far as shall be in my power, and if my

membership shall be discontinued will return my mcmbership badge.

. (Address for mail)

References:
(Signature of refcrences not required here)

ML e M. oo e e
AQATOSS ooroeeeeeoreeeceieem e emme e AQATESS  oeoeioeeiiicee crmemeememseama e
City and SHate ..o oo City and State ..o
18 € SO S
AQATESS  coreonoeeriemeemammsseerae s

City and State ..o

The following extracts from the Constitution govern applications for admission to the
Institute in the Associate grade:

ARTICLE II-MEMBERSHIP

Sec. 1: The membership of the Institute shall consist of: * * * (c) Associates, who shall be

entitled to all the rights and privileges of the Institute except the right to hold any elective
office specified in Article V. * .

Sec. 4: An Associate shall be not less than twenty-one years of age and shall be a person who
is interested in and connected with the study or application of radio science or the radio arts.

ARTICLE ITI—ADMISSION AND EXPULSIONS

Sec. 2: * * * Applicants shall give references to members of the Institute as follows: * * * for
the grade oP ‘Associate, to three Fellows, Members, or Associates; * * * Each application for
admission ® * * shall embody a full record of the general technical education of the applicant

and of his professional career.
ENTRANCE FEE SHOULD ACCOMPANY APPLICATION

NXI




(Typewriting preferred in filling in this form) No..ooooooeeneae,

RECORD OF TRAINING AND PROFESSIONAL
EXPERIENCE

Place of Birth......................... .. Date of Birth......... ... . Age......

Education ...

Degree ..o
(college) (Date received)

TRAINING AND PROFESSIONAL EXPERIENCE

DATES

Record may be continued on other sheets of this size if space is insufficient.

Receipt Acknowledged............. Elected............. Deferredi.ciuwus v
Grade ............ Advised of Election. . ...... . This Record Filed...........
XXII
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‘ ew A Weston
Single Meter
ANALYZER

Every necessary socket
voltage and current
measurement, both A.C.
and D.C., can be made on
all modern receivers with
this remarkable Weston
Single Meter Analyzer.

Point-to-point tests are
provided for with three
resistance and ample
voltage and current
measuring ranges, avail-
able at pin-jacks on the
panel. Full description is
contained in the new
Weston-Jewell catalog.

Pattern 675 Tube-Checker

A new, low-priced instrument that
checks all present types of tubes with-
out the use of adapters. Sixteen tube
sockets are ingeniously arranged to
occupy small space. Test limits for all
tubes are etched on the instrument
panel. Compact and light in weight,
this tube checker is popular for coun-
ter and portable use. Write for Wes-
ton-Jewell catalog describing this
great instrument value!

WESTON-JEWELL

r -------------------------------------. -
: Weston Electrical Instrument Corp.1589 Frelinghuysen
5 Jewell Electrical Instrument Co. | Ave., Newark, N.J.
[] Please send me a copy of your new catalog listing the
[] complete Weston-Jewell line of radio instruments.

: Name . ... 9000000000000 0a0a000aDA0
: AdATESS o v o ettt
[}

L}

L]

]

L

‘-------'

When twriting o advertisers mention of the Procreninas will be mitwally helpful.
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Piezo Electric Crystals

Does the frequency of your monitor comply with the new regulations of
being within the plus or minus 50 cvcle limits? 1f not, we are at your
service to adjust your monitor to within those limits. Ship your monitor
to us for either adjustment or grinding a new crystal if necessary. Our
charge for this service is right, and will require but scven to ten days to
perform this work. Ask any broadcast radio engineer what he thinks of
our service,

CRYSTALS CRYSTALS CRYSTALS

Prices for grinding POWER CRYSTALS in the various frequency
hands are as follows:

Frequency Range

100 to 1500 Ke..oo oo $40.00
1501 t0 3000 Ke......oooiiiiii it $45.00
3001 to 4000 Kc..oooovviiin i $50.00
4001 to 6000 Kc.........oo oo, $60.00

The above prices include holder of our Standard design, and the
crystals will be ground to within .03% of your specified frequency. If
crystal is wanted unmounted deduct $5.00 from the above prices. Delivery
two days after receipt of your order. In ordering please specify type
tube, plate voltage and operating temperature.

Special Prices Will Be Quoted in Quantities of Ten or More

POWER CRYSTALS FOR AMATEUR USE

The prices below are for grinding a crystal to a frequency selected by
us unmounted, (if wanted mounted in our Standard Holder add $5.00
to the prices below) said crystal to be ground for POWER use and we
will state the frequency accurate to better than a tenth of one per-cent.
IMMEDIATE SHIPMENT CAN BE MADE.

1715t0 2000 Kc band. . ..................... $12.00 each
3500to 4000 Keband. ..o, $15.00 each

-

LOW FREQUENCY STANDARD CRYSTALS

We have stock available to grind crystals as low as 13 Kilo-cycles.
Prices quoted upon receipt of your specifications,

PIONEERS: POWER CRYSTALS SINCE 1925

This record is proof to you that you will get the best there is in Piezo
Electric Power Crystals. Get the best. It is more economical.

Scientific Radio Service
“THE CRYSTAL SPECIALISTS”
124 Jackson Ave., University Park Hyattsville, Maryland

When writing to advertisers mention of the PROCEEDINGS will be mutwally helpful,

XX1V




(1

PROFESSIONAL ENGINEERING DIRECTORY

For Consultants in Radio and Allied Engineéring Fields

FOR ADVANCED
TRAINING
in:
Practical Radio Engineering
Practical Television Engineering

write to

CAPITOL RADIO ENGI-
NEERING INSTITUTE
Riggs Bank Bldg.
Washington, D.C.

WILLIAM W. GARSTANG

Consulting Engineer

Electrolytic Condensers—Power
Supply—"B” Battery Substi-
tutes—Television

Office and Laboratory
550 Century Building, Indianapolis, Ind.

JENKINS & ADAIR, INC.

Engineers

Designers and manufacturers of appara-
tus essential to broadcasting, sound re-
cording and sound measurement work.

3333 Belmont Ave., Chicago, U.S.A.
Cable Address: Jenkadair
Telephones: Keystone 2130

LECTRICAL TESTING
LABORATONRIES

Tests of Inductances.
Condensers.Transform-
ers etc. Life and charac-
teristics of Radio Tubes

80th. Street and East End Ave.
.« NEW YORK, N.Y. «

ALLEN B. DU MONT

Consulting Engineer

o
Phone Office and Laboratory
Montclair 9 Bradford Way
2-2176 Upper Montclair, N.]J.

Greenleaf Whittier Pickard

Consultant

59 Dalton Road,

Newton Centre, Mass.

For the Engineering Consultant

who can handle a little extra business this year

For the Designer

who can manage some additional work
we suggest the Professional Engineering Directory of the LR.E.

PROCEEDINGS. Manufacturers

who need services such as yours and

organizations with special problems come to our Professional Engi-
neering Directory for information. Your name and special services
announced here will put you in line for their business. For further
information and special rates for LR.E. members write to the Institute

of Radio Engineers.

When writing to advertisers mention of the Procrepincs will be mulwally helpful.
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with a new Centralab pioneered
LOCK SWITCH the Switch type Vol-

ume Control ... now

VOLUME CONTROL

more FIRST with a lock switch volume control for automobile

Centralab 1s once

radio.

Of typical high CENTRALAB quality they are priced but
slightly higher than the switch type control alone . .. and repre-
sent a decided saving to the auto radio set manufacturer.

Werite for sample

CENTRAL RADIO LABORATORIES - MILWAUKEE

v Cen

VOLUME CONTROLS
Hhen wwriting to advertisers mention of the PRoCEEDINGS will be mutwally helpful.

XXVII




TIME-INSURED QUALITY

CARDWELL variable condensers and CARDWELL-
designed and built-to-order apparatus have, for consider-
ably more than a decade, enjoyed a reputation for out-
standing excellence won by conscientious adherence to an
ideal of fair dealing and a determination to sponsor only
quality products.

Look around. Somewhere, in the majority of the really
fine radio installations and equipments in the country,
governmental, broadcast, commercial or amateur, will be

found some product of CARDWELL manufacture.

What better proof of the recognized excellence of CARD-
WELL apparatus could be offered?

The CARDWELL line of condensers in-
cludes transmitting condensers for high,
medium and low power, and receiving con-
densers in infinite variety. The CARDWELL
Midway Featherweight (all aluminum, none
over 7 ounces in weight) for transmitting,
receiving and neutralizing, is unequalled for
aircraft and portable equipment.

May we send our literature?

CARDWELL

CONDENSERS
AND

MANUFACTURING
SERVICE

The Allen D. Cardwell Mfg. Corpn.
93 Prospect Street, Brooklyn, N.Y,

‘“THE STANDARD OF COMPARISON?”’

When writing to advertiscrs mention of the PROCEEDINGS will be mutually helpful.
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\WORLD WIDE SERVICE

Factoriis in Erie, Pennsylvania,
Toronto, Canada and London,
England make and distribute Erie
Resistors throughout the world.
This world wide service has been
built on the solid foundation of
precision in manufacture plus a
product development service of the
highest order.

ERIE RESISTORS have been de-
veloped constantly to meet the ex-
acting needs
of their users.
Precision in
manufacture
has been

ERIE RESISTORS

by step by laboratory checks. Noth-
ing is left to chance and every de-
tail in the making of ERIE RESIS-
TORS is regarded as a step which
must be triple checked and tested
to insure successful installation.

Surely, resistors which have es-
tablished a record for the smallest
percentage of rejections ever re-
corded in the radio industry and
with world wide service merit your
attention and
careful consid-
eration. May
we send you
samples and

- { ?
guafded con ERIE RESISTOR CORPORATION, ERIE, PA. PrlCCS.
SlStCﬂtly ste P Faotorles In Erle, Pa., Toronto, Canada and London, Eng.

When writing lo advertisers mention of the Procrrvines will be mutually helpful,
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If you want dependable

condenser performance-specity
the new ACRACON SEMI-DRY
ELECTROLYTIC CONDENSER

Compare These

Characteristies:
® peak operating voltage 500
® surge voltage 600

+BMFD- ge vorag

588:‘5:“ _ ® low initial leakage
® leakage current at 500 volts ACRACON

less than .2 mils per mfd. BMFD 500PEAK

® constant capacity; does not

decrease with age

® stable power factor; does
not increase with age

\J / ® non-corrosive connections
Type DC.8 ® metal or fibre container Type DE-8
Acracon . Ac[;acorb .
Semi-Dry Unit e standard and special sizes Semi-Dry Unit

Write Today For Catalog!

* Acracon Features are Protected by Patents Pending

Condenser Corporation of Ameriea
259 Cornelison Ave., Jersey City, N.J.

Factory Representatives In:

Chicago Cincinnati St. Louis San Francisco Los Angeles Toronto

And Other Principal Cities

When writing to advertisers wmention of the PROCEEDINGS will be mutually helpful.
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%P HAMMARLUND
Transmitting CONIDENSER

HIS new Hammarlund model is without an equal
among stock transmitting condensers.

-

Heavy polished aluminum plates, with rounded edges;
10 percent wider spacing than others; lowest-loss Iso-
lantite insulation; rigid cast aluminum alloy frame; per-
fect-fitting bearings; smooth, self-cleaning rotor con-
tact.

A strong, good-looking, low-priced precision instrument
worthy of any laboratory, professional or amateur use.
All sizes. Low prices. MAIL COUPON for complete
specifications and prices.

Ha:fe YOU_ Trived the
COMET “PRO*°

The short-wave superheterodyne
which experts say is the most effi-
cient receiver ever developed for
professional operators and labora-
tory work.

Its selectivity and ‘sensitivity are
amazing. Its low noise level and
simple band-spread tuning system }
are most unusual, HAMMARLUND MEG. CO.

If you haven’t operated the | 424 w. 33rd St., New York
COMET “PRO,” do so. It will be 33rd St., New Yor

a revelation. I Please send complete specifications
’ I %‘nd prices' ofcthtzl' New chl'mal:lllnmd
- ransmitting Condenset. heck here
MAIL COUPON Ior 16-Pdge l é)aMIB(,_ “.'E;R(‘)‘,’,ldgi deg;ribing the
ort- W ave. super-

Folder I heterodyne. 4

—— — ——

Jo Bettww Radior

ammariund |
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OUTPUT POWER METER

4-‘-‘;

—

MULTI-RANGE IN IMPEDANCE

AS WELL AS IN POWER

~

N!zmnos MULTIPLIER

You have always measured
audio power output with a re-
sistor, voltmeter, and slide rule.
Oz perhaps you have discovered
the convenience of the General
Radio constant-impedance out-
put meter introduced several
years ago.

But here we present an”in-
strument that is as great an ad-
vance as the output meter was
in its day. With it you can meas- -
ure power in milliwatts and

Write for further details concerning the
TypEe 583-A Output Power Meter to the

-

power level in decibels for ‘any
one of 40 values of load resis-

tance between 2.5 ohms and =
20,000 ohms without calculation

(N
- N
B

of any kind. You merely set -a
switch for the desired load and

read the answer directly from °

the meter dial.

Many uses sugg(ést” them-

selves in addition to'getting an _
answer to ¢‘ How much power’’:
transformer loss runs can be
made, for instance.

GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONSIN
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