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Tbe 31n5titute of Rabic! eIngineero

GENERAL INFORMATION
INSTITUTE. The Institute of Radio Engineers was formed in 1912 through the

amalgamation of the Society oLkWireless Telegraph Engineers and the
Wireless Institute. Its headquarters were established in New York City
and the membership has grown from less than fifty members at the start
to several thousand.

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

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

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

REPRINTING PROCEEDINGS MATERIAL. The right to reprint portions or abstracts
of the papers, discussions, or editorial notes in the PROCEEDINGS is granted
on the express condition that specific reference shall be made to the source
of such material. Diagrams and photographs published in the PROCEEDINGS
may not be reproducedwithout making specific arrangements with theInstitute
through the Secretary.

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

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

Published monthly by

THE INSTITUTE OF RADIO ENGINEERS, INC.
Publication office, 450-454 Ahnaip St., Menasha, Wis.

BUSINESS, EDITORIAL, AND ADVERTISING OFFICES
Harold P. Westman, Secretary

330 West 42nd Street, New York, N. Y.
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INSTITUTE SECTIONS

ATLANTA-Chairman, I. 'H. Gerks; Secretary, N. B. Fowler, 1048 Woodland
Ave., S.E., Atlanta, Ga.

BosToN-Chairman, E. L. Bowles; Secretary, Roland G. Porter, Northeastern
University, Boston, Mass.

BUFFALO-NIAGARA-Chairman, L. E. Hayslett; Secretary, E. C. Waud, 235
Huntington Ave., Buffalo, N. Y.

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

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

CLEVELAND-Chairman, R. Morris Pierce: Secretary, J. S. Hill, 3325 Beechwood
Ave., Cleveland Heights, Ohio.

CONNECTICUT VALLEY-Chairman, M. E. Bond; Secretary, E. E. Schwarzenbach,
42 Northwood St., 'Chicopee Falls, Mass.

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

EMPORIUM-Chairman, Raymond R. Hoffman; Secretary, L. E. West, Hygrade
Sylvania Corporation, Emporium, Pa.

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

NEW ORLEANS-Chairman, L. J. M. Du. Treil; Secretary, C. B. Reynolds, Radio -
marine Corporation of America, 512 St. Peter St., New Orleans, La.

PHILADELPHIA-Chairman, Irving Wolff; Secretary, R. L. Snyder, 103

Franklin Rd., Glassboro, N. J.

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

ROCHESTER-Chairman, Lee A. Du Bridge; Secretary, H. A. Brown, 89 East
Ave., Rochester, N. Y.

SAN FRANcISco-Chairman, Robert Kirkland; Secretary, Henry Tanck, RCA
Communications, Inc., Bolinas, Calif.

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

TORONTO-Chairman, L. M. Price; Secretary, H. P. Knap, Stromberg-Carlson
Tel. Mfg. Company, 211 Geary St., Toronto, Ont., Canada.

WASHINGTON-Chairman, Chester L. Davis; Secretary, Gerald C. Gross,
Federal Cummunications Commission, Washington, D. C.

HI



Proceeding$ of the laAilitie of Radio Eagincers
Volumc :!.;,

GEOGRAPHICAL LOCATION OF MEMBERS
ELECTED JUNE 3, 1936

.Tuly, 1936

Transferred to the Fellow Grade
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Geographical Location of Members Elected

Canada Toronto 4, Ont., 805 Davenport Rd Cumming, A. A.
England Cricklewood, London N.W. 2, 112 Gladstone Park Gardens Ellen, R. G.

Dudley, Worcs., The Grove, Kingswinford lierdman , T. L.
Islington, London N. 1, Culford Works, Kingsbury 11d. Andersen ,R. C.
Straitham, London, 63 Baldry Gardens Harrison, K. W.

Germany Berlin S.W. 11, Hallesches Ufer, 12 Moser, W.
Holland Eindhoven, Bredalaan 77 Severs, J.
Japan Kyotofu, 11 Nankai, Kamiueno, Mukomachi, Otokunigurf Uchida, H.

Yokkaiti, Mie-ken, Nihon Musen Yokkaiti Syuttyozyo Miyakosi, K.
North Wales Old Colwyn, `Headlands," Bryn Ave Oliver, C. J.
Norway Oslo, Bjerregaardsgt. 29 E. Flood, S. W.
South Africa Durban, Natal, African Broadcasting Co. Ltd Hoyes, 0.

Crecy P. 0., N. Transvaal, c/o Captain P. C. Sanderson, "Bel-
mont^ Houghton, H. W.

Elected to the Junior Grade

California Glendale, 1529 Ridgeway Dr Tate, J. W.
Illinois Chicago, 1401 E. 55th St. Kealy, D.

Chicago, 1142 W. Grand Ave Scaruffi, J.
Evanston, 1225 Grant St. Chnlberg, H. W. A.

Elected to the Student Grade

Connecticut New Haven, 25 Irving St Clements, S. E.
Massachusetts Cambridge, M.I.T. Dormitories Farmer, D. E.

Cambridge, 273 Harvard St. Hedberg, C.
Cambridge, GO Wendell St. Mao, Y. Y.

Michigan Ann Arbor, 1208 South University Shannon, C. E.
Ohio Columbus, 763 Mohawk St Fritsch el, P. G.
Texas Austin, Dept. of Physics, Univ. of Texas Jones, H. W.
Canada Edmonton, Alta., 10731 -97th St. Jordan, E. C.
England London W. 12, 24 Shepherds Bush Green Beebe, R. D.
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APPLICATIONS FOR MEMBERSHIP

Applications for transfer or election to the various grades of membership
have been received from the persons listed below, and have been approved by
the Admissions Committee. Members objecting to transfer or election of any of
these applicants should communicate with the Secretary on or before July 31,
1936. Final action will be taken on these applications August 5, 1936.

For Election to the Associate Grade
California ' Los Angeles, 7400 Beverly Blvd. Hawkins, .I. N. A.

Los Angeles, 2114 Holly 1)r. 'Ilium, E. P.
Oakland, 733 Wesley Ave. Braun, G. B.
San Diego, Naval Air Station Jackson, R.

District, of
Columbia Washington, e/o Bureau of Navigation, Navy Dept. Bennett, R.

Georgia Atlanta, Box 162, Georgia Inst. of Tech. Caulfield, T. B., Jr.
Illinois Chicago, 5936 S. Cicero Ave. Brunner, It. R.

Chicago, o/o WCFL, 666 Lake Shore Dr. Marquardt, Al .
Chicago, 951 E. 58th St. Offner, F. F.
Wheaton, 224 N. Blanchard St. Fettweis, C. P.

Louisiana New Orleans, 828 Gravier St.. Pendergrass, F. L.
Massachusetts Brookline, 12 Boylston St. Harvey, C. A.

Cambridge, General Radio Co., 30 State St. Cady, C. A.
Michigan Ann Arbor, 147 East Physics Bldg.. Firestone, F. A.
Minnesota Minneapolis, Radio Station WLB Holtan, C. H.

Mississippi Hattiesburg, 204 N.25th Ave. Davidson, C. E.
Carr, L. II.St. Paul, Radio Station KS'rP, St. Paul Motel...

Nebraska Kearney, o/o Tinytone Radio Co. . Beshore, P. S
New Jersey Lakewood, R.F.D. No. 3 llartolf, II. P.
New York New York, Bell Tel. Labs., Inc., 463 West St Miller, R. A.

New York, Bell Tel. Labs., Inc., 180 Varick St. Wright, S. B.
Scotia, R.F.D. No. 2, Spring Rd. Hahn, W. C.

Ohio Lakewood, 1032 Lauderdale Ave. Grostick, G. E.
Norwood, 4228 ranklin Ave.F Silver, J. F.

Oregon Corvallis, Physics Dept., Oregon State College Yunker, E. A.
Pennsylvania Emporium, 326 W. 6th St NStriingamaker,

W. II. Jr
Cornelius, L. W.

Stringfellow, G. 0.
Germantown, Phila., Cloverly Apts., 437 W. School Lane

Texas Baytown, Box 331
Wisconsin Horicon, 108 Main St Pahl, IL II.

West Allis, 1424 S. 72nd St. Keller, 0.
Canada Winnipeg, Manit., 35 Essex Ave Sheffield, A. G.
England Birkby, Huddersfield, 20 Bromley ltd. Dale J.

Clacton -on -Sea, Essex, 125 Old Rd. Budcicn, C. A.
Clapham Park, London S.W.4, c/o British Broadcasting Corp ,

87 King's Ave Bulow, V. A. M.
East Finchley, London N.2, 66 Lincoln Rd Burnett, H. F.
Kendal, Westmorland, 1 Kent View Dougherty, J. B.
Wanstead, Essex, 71 Cranbourne Ave.. . Fielding, 1. J.Japan Hannon Shincluku, Formosa, c/o Kennon Receiving Station,

Kokusai Denwa Hick', M.
Kawasaki-shi, c/o Nipponophone Co. Ltd., Kunesaki
Komuro Kitaadachi-gun, Saitama, c/o Komuro Receiving

Suko, N.
Sta-

tion, Kokusai Denwa Sakai,
T.Nazaki Yuki-gun, Ibaraki, c/o Nazaki Transmitting Station,

Kokusai Denwa Kudo, M.
Tokyo, c/o Kokusai Dolma Kaisha Ltd., Osaka Bldg. Hayakawa, D.Manchoukuo Daidohiroba, Hsingking, Wireless Plant Office, M.T.T. Co.. . . . Nagatake, N.New Zealand Wellington, 43 Roy St. Firth, E. T. South Africa Johannesburg, 9th Fl., Main House, Main St Duff, W. A.Spain Madrid, Int. Tel. and Tel. Corp., Pi Y Margull 2. O'Neill, H. N.Switzerland Ste. Croix, Les Genets

Venezuela Maracaibo, Lago Petroleum Corp. Serriolltsisecilliiiielildr.Zurich-Zollikon, Hohestr er, W.
Franks, W. E.

For Election to the Junior Grade
California San Francisco, 1062 Divisadero St. Croninger, B.Now York Brooldxn, 1285 Dean St. Hart, 0., 3rd.New 1 ark, 16 E. 7th St. Padrusch, J.British West

Indies Basseterre, St. Kitts, Government House
China Shanghai, c/o T. S. Wang, 346 Route do Zikawei
Cuba Havana, San Pedro B., Cerro.
New Zealand Wanganui East, 153 Anzac Parade

Stewart., C. J.
Lor, P. L.
Iglesias Colas, R.
Laird, J. N.
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For Election to the Student Grade

California Berkeley, 1615 Virginia SL...Okada, K.
Long Bench, 3818 E. 4th St Smith, M. H., Jr.
Los Angeles, 5913 Miramonte Blvd. Bucknell, W. II.
Oakland, 536 -21st St.. Child, V. E.
San Francisco, 1265 -18th Ave. Ames, E. K.

Indiana West Lafayette, 471 N. Grant St. Chong, C. C.
West Lafayette, 471 N. Grant St. Liu, I. L.

Maine Portland. 102 Dartmouth St. Kenneson, H. C.
Massachusetts Cambridge, 1619 Massachusetts Ave. Pitzer, It. L.
Michigan Ann Arbor, 611 Church St.. Miles, W. F.

Ann Arbor, 727 S. State St. Parker, C. V.
Minnesota New Prague, I08 -3rd St. N.W.Williams, E. C.

North Hibbing, 201 W. Washington St Jenkins, A.
Missouri Normandy, 4510 Marlboro et Landwehr, I. H.
New Jersey Plainfield, 915 Madison Ave.. Thompson, E. H.
New York Troy, Waite Dormitory, Sage Ave.. . 'Banker, J. R.
Ohio Cleveland, 7908 Halle Ave. Pacanoysky, G. J.

Columbus, 3100 Olentangy River Rd. Drayer, It. W.
Texas Dallas, 5242 Richard Ave. Norgaard, D. E.
West Virginia Fairmont, 426 Morgantown Ave Mason, J. W., III
Wisconsin Madison, 228 N. Mills St Peterson, D. W.
Canada Montreal, P. Q., 2325 St. Luke St. McLean, M. D.
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OFFICERS AND BOARD OF DIRECTORS

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

Treasurer

MELVILLE EASTHAM

President

ALAN HAZELTINE

Vice President

VALDEMAR POULSEN

Secretary

HAROLD P. WESTMAN

Directors
ARTHUR BATCHELLER

J. V. L. HOGAN
L. C. F. HORLE

C. M. JANSKY, JR., Junior Past President

Editor

ALFRED N. GOLDSMITH

SERVING UNTIL JANUARY 1, 1938

STUART BALLANTINE, Senior Past President
E. L. NELSON

C. B. JOLLIFFE
A. F. MURRAY

H. M. TURNER
WILLIAM WILSON

HARADEN PRATT

L. E. WHITTEMORE

SERVING UNTIL JANUARY 1, 1939
E. H. ARMSTRONG H. H. BEVERAGE

VIRGIL M. GRAHAM
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INSTITUTE NEWS AND RADIO NOTES

Eleventh Annual Convention

The Institute's Eleventh Annual Convention was held in Cleve-

land, Ohio on May 11, 12, and 13, with headquarters at the Hotel

Statler. The attendance totaled 589 of whom sixty-one were ladies.
There were nineteen papers presented during the five technical ses-

sions which occupied the major portion of the convention time. Sum-
maries of these papers appeared in the May issue of the PROCEEDINGS.

An exhibition which occupied forty booths was open for inspec-
tion during the entire duration of the convention.

The Institute Medal of Honor was presented to G. A. Campbell and
the Morris Liebmann Memorial Prize to B. J. Thompson during the
banquet which was held on the evening of May 12 and attended by 360.

Committee Work

ADMISSIONS COMMITTEE

A meeting of the Admissions Committee was held in the Institute
office on Wednesday, April 1, and attended by C. M. Jansky, Jr.,
chairman; H. H. Beverage, R. A. Heising, L. C. E. Horle, F. A. Kolster,
E. R. Shute, H. M.. Turner, and H. P. Westman, secretary.

Three applications for transfer to Fellow were considered; one was
approved and two were denied. Of twelve applications for transfer to
Member, ten were approved and two were tabled pending further in-
vestigation. Three of eight applications for admission to Member grade
were approved while two were denied and the remaining three tabled.

The Admissions Committee met again on Wednesday, May 6, in
the Institute office and those present were C. M. Jansky, Jr., chairman;
H. H. Beverage, R. A. Heising, C. W. Horn, F. A. Kolster, and H. P.
Westman, secretary.

Two applications for transfer to Fellow grade and six for transfer
to Member grade were acted on and approved. Two applications for
admission to Member grade were approved and one was tabled.

CONSTITUTION AND LAWS COMMITTEE

A meeting of the Constitution and Laws Committee was held in
the Institute office on Monday, May 25, and attended by H. M. Turner,
chairman; Arthur Batcheller, Austin Bailey, and H. P. Westman, secre-
tary.
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950 Institute News and Radio Notes

Another meeting was held on Wednesday, June 3, in the Institute
office and those present were H. M. Turner, chairman; Austin Bailey,
and H. P. Westman, secretary.

The committee is making a review of the Institute Constitution and
expects to propose a number of modifications of that document to the
Board so they may be submitted to the membership for vote.

CONVENTION PAPERS COMMITTEE

A meeting of the Convention Papers Committee which was at-
tended by William Wilson, chairman; Haraden Pratt, and H. P. West-
man, secretary, was held on Monday, April 6, in the Institute office and
devoted to the preparation of the final program for the Eleventh An-
nual Convention technical sessions.

NOMINATIONS COMMITTEE

The Nominations Committee held a. luncheon -meeting on Wednes-
day, May 6, in the McGraw-Hill dining room and those present were
Stuart Ballantine, chairman; Melville Eastham, C. M. Jansky, Jr.,
William Wilson, and H. P. Westman, secretary. The committee pre-
pared a slate of candidates for office which was submitted to the Board
of Directors at its meeting that afternoon.

SECTIONS COMMITTEE

The annual meeting of the Sections Committee was held in the
Hotel Statler in Cleveland, Ohio, on the afternoon of Monday, May 11.
Those present were H. P. Westman, acting chairman and .secretary;
D. S. Bond, A. B. Buchanan, H. L. Byerlay, F. W. Cunningham, E. C.
Denstaedt, John Evans, N. B. Fowler, H. S. Gould, G. C. Gross, L. E.
Hayslett, M. T. Kiebert, Jr., Ben Kievit, G. F. Platts, R. M. Pierce,
G. T. Royden, H. J. Schrader, E. E. Schwarzenbach, Dayton Ulrey
and H. C. Vance. The following sections were represented: Altanta,
Buffalo -Niagara, Chicago, Cincinnati, Cleveland, Connecticut Valley,
Detroit, Emporium, Philadelphia, Pittsburgh, San Francisco, Seattle,
and "Washington.

Reports on the fiscal affairs of sections, their meeting activities and
membership status were presented and discussed in detail. Consider-
able attention was given to the seminar meetings held by the San
Francisco Section at which papers which have appeared in the PRO-
CEEDINGS are discussed. In addition to ten regular meetings each year,ten seminar meetings are held and are attended by almost as many as
are present at the regular meetings.

In a number of instances, the attendance at section meetings isregularly so large as to indicate that many nonmembers are present.
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Some sections encourage this by adding names of nonmembers to the

list of those who receive meeting notices. It was felt that attempts
should be made to encourage these nonmembers to join the Institute

and thus lend their support to the organization. Where nonmembers

request notices of meetings, it was considered reasonable to ask them

to pay a nominal charge to defray the cost of mailing.
The Philadelphia Section recently circulated a questionnaire to

those who attended one of its meetings in an effort to ascertain what

types of papers were most interesting to its members. The possibility

of making similar surveys at other section meetings Isvas discussed.
As a method of encouraging more personal interest among section

members and visitors, it is proposed that small cards be inscribed with
the name of the wearer and worn conspicuously during each meeting.
These cards may be collected as those hi attendance leave and should

assist the Membership Committee in solicitation work.
A discussion was held on methods of avoiding conflicting meeting

dates when the subject matter is of interest to more than one group of

engineers.
Methods of stimulating transfers to higher grades on the part of

those who are qualified for advancement were considered.

STANDARDIZATION.,

TECHNICAL COMMITTEE ON ELECTROACOUSTICS

Meetings of the Technical Committee on Electroacoustics were
held in the Institute office on April 17 and May 22. The earlier meeting
was attended by H. F. Olson, chairman; Sydney Bloomenthal, C. H. G.

Gray, Hans Roder, Julius Weinberger (visitor), V. E. Whitman,
Harold Zahl, and H. P. Westman, secretary. Those present at the later
meeting were: H. F. Olson, chairman; Sydney Bloomenthal, J. T. L.
Brown (representing C. H. G. Gray), Knox McI'wain, Hans Roder,
Julius Weinberger (visitor), Harold Zahl, and H. P. Westman, secre-
tary.

These two meetings were devoted to the preparation and revision of
a report on loud speaker testing employing both outdoor and indoor
techniques.

TECHNICAL COMMITTEE ON ELECTRONICS

The Technical Committee on Electronics met in the Institute office
on March 20 and those in attendance were B. J. Thompson, chairman;
R. S. Burnap, F. R. Lack, George Lewis, J. W. Milnor, G. D. O'Neill,
0. W. Pike, P. T. Weeks, and H. P. Westman, secretary.
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This was an organization meeting of the committee and after dis-
cussing the scope of its activities, it established seven subcommittees,
designated chairmen, and proposed some names of members to serve
on these subcommittees. The report of the 1935 technical committee
which has not as yet been submitted to the Standards Committee was
distributed with requests for notations of errors. No major changes
were to be permitted.

Another meeting of the Technical Committee on Electronics was
held in the Hotel Statler in Cleveland, Ohio, during the Eleventh
Annual Convention on Wednesday, May 13. It was attended by B. J.
ThompSon, chairman; C. H. Bachman (visitor), R. M. Bowie, D. W.
Epstein, F. A. Holborn, Ben Kievit, F. R. Lack, I. G. Maloff, G. F.
Metcalf, G. D. O'Neill, H. W. Parker, Dayton Ulrey, P. T. Weeks,
and H. P. Westman, secretary.

At this meeting, the chairmen of the various subcommittees reported
on the status of their committees in regard to personnel and meetings
held. Consideration was then given to a number of corrections which
were proposed to be made in the report of the 1935 committee. That
document is now suitable for submission to the Standards Committee
for action.

SUBCOMMITTEE AND TELEVISION TUBES
SUBCOMMITTEE ON PHOTOELECTRIC DEVICES

The above two subcommittees which operate under the Technical
Committee on Electronics met jointly in the Hotel Statler in Cleveland
on Monday, May 11, during the Eleventh Annual Convention. The
personnel of the two committees and the scope of their activities were
considered. An operating schedule was also planned.

Institute Meetings

BUFFALO -NIAGARA SECTION

The Buffalo -Niagara Section met at the University of Buffalo on
May 20. L. E. Hayslett, chairman, presided and there were twenty-
five present.

A paper on "The Application of Phenolic Materials to Radio Con-
struction" was given by E. A. Russell of the Spaulding Fibre Company,
North Tonawanda, N.Y. The manufacture of a vulcanized or parch-
mentized fibre from the raw materials to the finished product was
described in detail. It was pointed out that the first portion of the
process is essentially the manufacturing of a cotton cellulose paper.
Laminated bakelite is produced by utilizing the interaction of phenol
and formaldehyde in the presence of heat.
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The meeting was concluded with the projection of several reels of
motion pictures giving views of equipment and manufacturing opera-
tions.

CHICAGO SECTION

II. C. Vance, chairman, presided at the May 22 meeting of the
Chicago 'Section which was held in the RCA Institutes Auditorium.
There were 181 members and guests present and twenty-eight at the
informal dinner which preceded the meeting.

The first paper presented at the meeting was entitled "An Ana-
lytical and Experimental Study of a Resistance Coupled Neutralizer
Circuit" by C. S. Roys, assistant professor of electrical engineering
at Purdue University. Dr. Roys first discussed the needs for a re-
sistance neutralizer, some of the problems involved in the design of a
device capable of supplying resistance neutralization, and a brief
history of some of the attempts which have been made to develop
units usable for this purpose. The design of a one-tube resistance neu-
tralizer unit was described and the defects shown. Advantages of em-
ploying two tubes giving inherent balance were outlined and analyzed
mathematically. Conditions of load and output were developed and
the limitations of the device shown. It is not of extreme value where
very small resistance is involved. The instrument is intended to provide
a source of negative resistance for laboratory purposes. The paper was
discussed by Messrs. Robinson, Sears, and White.

The second paper was on "Beam Power Tubes" and was presented
by Otto Schade of the RCA Manufacturing Company, Harrison, N.J.
This paper was presented in New York on April 1 and is summarized
in the June issue of the PROCEEDINGS. It was discussed by Messrs.
Kohler, Sandretto, and White.

CONNECTICUT VALLEY SECTION

On February 19 a meeting of the Connecticut Valley Section was
held in Springfield, Mass. M. E. Bond, chairman, presided and there
were thirty-five present.

A paper on "The 'Q' Meter" was presented by C. J. Franks, en-
gineer of the Ferris Instrument Corporation of Boonton, N.J. This
paper was previously presented at the last Rochester Fall meeting.

DETROIT SECTION

The May 29 meeting of the Detroit Section was held jointly with
the Detroit Physics Club and comprised a tour of the University of
Michigan at Ann Arbor. E. C. Densteadt, chairman, presided and the
attendance was 160. There were fifty-eight at the informal dinner
which preceded the meeting.
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Prior to the inspection of the laboratories, brief talks were given
by several members of the Physics Department describing the theory
and operation of various instruments which were on exhibition. Small
groups were formed and conducted through the laboratories and many
pieces of research equipment were operated and questions answered by
those in charge. Great interest was shown in the cyclotron br "atom
smasher" now under construction. The magnet for it contains fifteen
tons- of copper and eighty tons of steel. Power for the high -frequency
field for the machine will be supplied by a pair of 100 -kilowatt water-
cooled tubes operating at twelve megacycles. A number of other inter-
esting exhibits were inspected and included voice modulated five-
centimeter -wave equipment, a high potential source of ions for produc-
tion of artificial radio activity, spectroscopic equipment for quantita-
tive analysis, and equipnient for analyzing sound by using calibrated
microphones, a cathode-ray oscillograph, and selective electrical filters.

EMPORIUM SECTION

On May 15 a meeting of the Emporium Section was held in the
American Legion. Club Rooms. R. R. Hoffman, chairman, presided
and there were fifty present.

A paper on "Properties and Manufacture of Technical Glass" was
the subject of a paper presented by A. E. Marshall, consulting en-
gineer for the Corning Glass Works, Corning, N.Y. The subject was
introduced with a historical sketch of the industry of glass manu-
factuie covering a period from about -4000 years ago. It was pointed
out that the fields in which glass is used have increased greatly in
modern times and the paper was closed with a discussion of technical
glass as applied to radio, astronomy, signaling, filters, heat transfer
problems, household utilities, fabrics, cordages, threading, and many
other items. A motion picture was then shown of the factory of the
Corning Glass WTorks where many of the manufacturing processes were
displayed. A demonstration was given of the filtration properties of
technical glass.

Los ANGELES SECTION
The Los Angeles Section met on May 19 at the Los Angeles Junior

College. There were thirty present and the meeting was -presided over
by C. R. Daily, chairman. There were ten at the dinner which pre-
ceded the meeting.

The first paper presented was on "Radio Interference" by Frank
Grimes, Manager of the Los Angeles Radio Interference Bureau. This
bureau consists of four men and is supported by eight utilities, eight
broadcast stations, radio manufacturers, dealers, clubs and interested
parties. The bureau traces interference and takes what steps are neces-
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sary to eliminate it. During the winter approximately five hundred
calls are received each month. About seventy per cent of the reports
are found to be based on disturbances which are not within the scope
of the Bureau but are due to either atmospherics or interference from
other transmitting stations. The remaining thirty per cent was classi-
fied as within the scope of the bureau and involves audio- or radio -
frequency interference due to public utility services.

A second paper on "Development Work on Vacuum Tubes for Use
in High -Frequency Circuits" was presented by C. Y. Meng, a graduate
student of California Institute of Technology. It covered work which
Dr. Meng is doing in the production of one -centimeter waves. Tubes
developed to produce this high -frequency were described. He outlined
the theory and experimental work of Barkhausen and Kurz and Gill
and Morrill. In these forms of oscillation, the generated frequency is
determined by the electrode potentials and dimensions. A tube hav-
ing a grid diameter of 0.2 millimeter, a plate diameter of 0.539 milli-
meter, and a filament of one millimeter diameter was made. The length
of -all elements was one millimeter. The power generated was insuffi-
cient to permit the frequency of oscillation to be measured and it was
calculated.

NEW YORK MEETING

The June New York meeting of the Institute was held jointly with
the Radio Club of America on the 3rd and was attended by 300. The
first part of the meeting was held in the auditorium of the American
Museum of Natural History and H. T. Stetson of the Institute of
Geographical Exploration of Harvard University presented a paper on
"Cosmic Cycles and Radio Transmission." The effects of the sun and
moon in the ionization of the upper atmosphere upon which radio
transmission depends were outlined and the results of recent experi-
ments, including those made during solar and lunar eclipses, were em-
ployed in the interpretation of cosmic effects. It was indicated that
the magnetic characteristics of the earth effect the velocity of trans-
mission of radio waves travelling over long paths.

At the conclusion of the paper, the meeting was adjourned to the
new Hayden Planetarium where W. H. Barton, Jr., associate curator,
gave a special lecture and demonstration.

PHILADELPHIA SECTION

The annual meeting of the Philadelphia Section was held on May
7 at the Engineers Club. Knox MO wain, chairman, presided and there
were 300 members and guests present. Twenty-four attended the
dinner which preceded the meeting.

A paper on "Frequency Modulation" was presented by E. H
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Armstrong, professor of electrical engineering, Columbia University.
New York City. This paper was published in the May PROCEEDINGS.

In the election of officers, Irving Wolff of the RCA Manufacturing
Company was designated chairman; A. F. Murray, Philco Corporation,
vice chairman; and R. L. Snyder continues as secretary -treasurer.

PITTSBURGH SECTION

Lee Sutherlin, chairman, presided at the March 17 meeting of the
Pittsbtirgh Section which was attended by sixty-four. The meeting
was held in the auditorium of the C. C. Mellor Company.

A paper on "The Hammond Organ" was presented by C. William-
son of the physics department of the Carnegie Institute of Tech-
nology. Professor Williamson first outlined the fundamentals of
acoustics and the construction of the musical scale. He then de-
scribed the Hammond organ in which ninety wheels mounted on a
shaft are driven by a synchronous motor. Each wheel is cut to pro-
duce a desired frequency when rotated in a magnetic field. The alter-
nating currents generated are controlled by a keyboard and pass
through an audio -frequency amplifier to the loud-speaker system. The
amplifier and speakers are mounted together in a cabinet and con-
nected by means of a cable to the keyboard and generator. Means are
provided to control the harmonic content of each wave to simulate
tones produced by various musical instruments. A number of these
combinations are preset at the factory while others may be adjusted
by the organist. In a demonstration various musical instruments were
played and then imitated on the organ.

ROCHESTER SECTION

The annual meeting of the Rochester Section was held on May 7
at the Sagamore Hotel and presided over by E. C. Darker, chairman.
There were sixty-seven members and guests present and nine attended
the dinner.

A paper by H. C. Steadman, engineering consultant of the Spauld-
ing Fibre Company, was presented on "The Role of Rags in In-
dustry." The paper was chiefly in the form of motion picture films
and the speaker pointed out that the title was chosen because the best
material for hard fibre and laminated phenolic products is cotton rags
which are collected all over the world. The films showed the manu-
facturing process whereby rags are converted into paper and then into
fibre by chemical and mechanical agencies. Many industrial applica-
tions were then illustrated and it was pointed out that over half the
output of the Spaulding Company is used in the radio industry.
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In the election of officers, L. A. DuBridge, head of the physics
department of the University of Rochester was named chairman; A.
L. Schoen of the research department of the Eastman Kodak Com-
pany was designated vice chairman; and H. A. Brown of the Rochester
Gas and Electric Corporation was re-elected secretary -treasurer.

SAN FRANCISCO SECTION

The San Francisco Section met on May 2 at the Alameda Airport.
There were eight members and guests present and R. D. Kirkland,
chairman, presided.

The Hawaiian Clipper was first viewed as it took off for a regular
trip across the Pacific. After this an inspection was made of the radio
receiving station, the hangar where one of the large ships was being
serviced, the radio repair shop, transmitters used for communication
with the plane, the maintenance shops, and the meterological office.
This was followed by a talk by G. W. Angus of Pan American Airways.

Another meeting of the San Francisco Section was held on May 20
at the Bellevue Hotel. R. D. Kirkland, chairman, presided and there
were fifty-five in attendance. Eighteen were at the dinner which pre-
ceded the meeting.

A paper on "Engineering Methods for the Design and Calculation
of Class C Amplifiers and Harmonic Generators" was given by F. E.
Terman, professor of electrical engineering at Stanford University.
The paper followed along the lines of papers recently published by the
author but included some additional material. Mimeographed material
giving design curves and examples of their use for both harmonic
generators and class C amplifiers was distributed to all present.

SEATTLE SECTION

A meeting of the Seattle Section was held on May 29 at the Uni-
versity of Washington. J. W. Wallace, vice chairman, presided and
there were thirty-eight members and guests present.

A paper on "Application of Revolving Vectors to the Analysis of
Amplitude and Frequency Modulated Waves" was presented by J. R.
Tolmie, engineer for the Pacific Telephone and Telegraph CoMpany.
He first briefly reviewed revolving vectors as used in the more con-
ventional single frequency circuits of electrical engineering, pointing
out that all such vectors revolve at the same speed and can therefore
be considered to stand still. He then showed that in modulation, the
problem is more complicated because the vectors revolve at diffe'rent
velocities.

In the case of amplitude modulation, the carrier vector, of length
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corresponding to the unmodulated amplitude revolves at carrier fre-
quency, while two auxiliary vectors each of length equal to one half
the modulation amplitude and rotating in opposite directions with
respect to the carrier vector, add up vectorially with the carrier vector
to give the instantaneous value of the modulated wave.

In the case of frequency modulation, Mr. Tolmie showed how the
vector of constant length and varying angular velocity can be resolved
into three or more component vectors of constant but different an-
gular velocities. These vectors represent the carrier and the two or
more side frequencies present in the modulated wave. By referring
these Vectors to a system of coordinates rotating at carrier frequency,
great simplification is obtained.

His method further shows that for combined frequency and ampli-
tude modulation, if synchronized, each of the above -mentioned com-
ponent vectors acts as a carrier for amplitude modulation.

The paper was discussed by Messrs. Fisher, Kiebert, Libby, Wal-
lace, Wilson, and Woodyard.

Errata
The following corrections have been received to 'the paper "Effec-

of Closed Antennas" by V. I. Bashenoff
Mjasoedoff, which appeared in the May, 1936, issue of the PROCEED-
INGS, pages 778-801.

On page 800, footnote 7 should read:
7 See also R. H. Barfield, Jour. I.E.E. (London), vol 76, p. 48; N.

A. Mjasoedoff, Patent's Application in U.S.S.R., (1929), No. 51,651.
On page 801, footnote 8 should read:
8 V. I. Bashenoff and N. A. Mjasoedoff, U.S.S.R. Patent No.

28,551.

Personal Mention
F. T. Alker, formerly engineer -in -chief of the Hungarian Broadcast-

ing Station at Lakihegy, is now an engineer at the international toll-
cable repeater station at Budapest.

F. G. Allen, Lieutenant, U.S.A., has been transferred from Fort
Monmouth N.J., to Chanute Field, Rantoul, Ill.

J. M. Allen has left Stewart -Warner Corporation to become super-
intendent of purchased material inspection for RCA Victor, Camden,
N.J.

P. G. Andres, formerly with the Indiana State Police Radio System,
has become chief engineer of the Electric Switch. Coporation of .

Columbus, Ind.
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TECHNICAL PAPERS

RAIN STATIC*

BY
HOWARD K. Al OR GAN

(Transcontinental and Western Air, Inc., Kansas City, Missouri)

Summary-The problem of rain static, particularly as it affects aircraft, is
treated.

Rain static is due to particles of rain, snow, or dust striking aircraft antennas.
It has been found that the disturbance is electrostatic in origin and that an elec-

trostatically shielded loop antenna reduces it materially.

FVER since _aircraft have been equipped with radio receiving
apparatus, it has been known that under certain conditions,
usually in rain or snow, reception was seriously limited by a

heavy static interference. The interference became an increasingly seri-
ous problem as radio receivers became more sensitive and radio shield-
ing was improved on the aircraft. The interference, whether from rain,
snow, or sand, has been called rain static.

Few, except those intimately connected with aircraft radio work,
have ever heard this type of static interference. it is particularly elu-
sive' and may occur but a few times in any particular locality in a year.
In transcontinental operation of airlines, it may affect reception for
extended periods and cover distances of several hundred miles of the
route. It is particularly bad in the months from January to May and
will be reported in most snow or rain conditions in those months.

The effect in the worst conditions is to prevent the reception of a
400 -watt station on low (200 to 400 kilocycles) or high frequencies
(3000 to 5000 kilocycles) at distances as close as a few miles. Under
usual conditions, it will prevent reception at distances ten miles or
more from these stations.

Rain static sounds quite different from ordinary electromagnetic
thunderstorm static. It is often steady and gives , anything from a low
rumble to a high pitched squeal in the headphones. Sometimes it is
quite intermittent, and this usually occurs in rain squalls or in condi-
tions of varying rainfall.

That rain static should be noticed in aircraft and not usually at
ground stations suggests that the speed of flying through the rain is

* Decimal classification: 8114. Original manuscript received by the Insti-
tute, March 23, 1936.
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largely responsible for this interference. This has been tested by slow-
ing down a plane from 180 miles an hour to about 120 miles an hour,
under conditions where the rain static was just barely blanketing out a
station. The effect was to reduce the interference materially.

Rain static has been reported on land in the Great Lakes region ai7
direction finding stations during gales accompanied by snow. The sub-
stitution of electrostatically shielded loops at these stations reduced
the rain static to a negligible quantity. The velocity of the air over the
antennas was probably not much in excess of sixty miles an hour dur-
ing the interference.

Sand static was disturbing at the ground station of Transcontinen-
tal and Western Air, Inc., at Amarillo, Texas, with antennas which
were erected about twelve feet above the ground and in conditions of
wind which blew sand from the ground over the antenna structure.
When these antennas were relocated on the top of the hangar, the
interference was far less pronounced.

Although there is no general agreement on the mechanics of rain
static production, it is believed that it is due to the fact that the par-
ticles of rain, snow, or sand (dust) are charged in a nonuniform manner.
This may take the form of a difference in polarity of charge or merely
a difference of potential with the same sign of charge. It is known that
small droplets of water falling through free air will assume a different
charge from large droplets falling in the same region. The velocity with
which the particles fall is too low to cause serious or rapid change in
potential of fixed antenna systems in still air. With a plane passing
through the variously charged droplets, the change of charge may be
very rapid and serious in effect.

The question immediately arises as to the necessity for the droplets
to be variously charged in order to give interference. Would not the
speed of a plane be sufficient to cause interference due to the number
of impacts with charged droplets and resultant leakage of charge caus-
ing a current to flow in the antenna structure? Experimental proof
shows that, under some conditions of flight, the plane will build up
sufficient charge to show a plainly visible corona discharge (St. Elmo's
fire) and yet the radio reception may be affected very slightly. When
the corona discharge from parts of the plane becomes very pronounced,
there will be interference, but this may actually be electromagnetic in
origin from the heavy corona current flow.

It would be expected, on the basis of the explanation given, that
the disturbance on an antenna located near the tail of the plane would
be more serious than on one near the nose because not only is the veloc-
ity of air higher in the slip stream, but the propellers tend to mix the
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air and allow some particles to touch the metal fuselage structure and
change charge. This is very definitely noticeable, and conditions have
!wen encountered vhere the antenna near the nose is relatively free
from rain static while the antenna near the tail will he disturbed with
rain static. The ratios in these cases are not tremendous, and the con-
ditions where the nose antenna is superior are difficult to find and repre-
sent a condition of light, rain static.

Static leak arrangements have not been found to improve reception
ma teria lly, and the problem has resolved itself into finding some method

which would prevent the charged particles from striking the antenna
structure-an electrostatic shield. From the experience noted at. the
Great Lakes and from the apparent theoretical explanation for the
origin of rain static, it was decided to construct an electrostatically
shielded loop and test its efficacy.

In May, 1.035, it loop was constructed and mounted on the upper
surface of the wing of a Ford transport, on the center line of the plane.
A condition developed over Kansas City, Missouri, which was be-
lieved to be conducive to rain static. A flight was made and it was
found that hail, rain, and snow were present at various levels and ill
varying amounts. Some conditions of rain static interference were
found which blanketed out the Kansas City radio range completely
at dist anees as close as three or four miles. A switching arrange-
ment W -:.(q1 1.0 transfer the receiver quickly from the antenna to
the loop. The improvement noted was from a condition of not, be-
ing able to hear anything bid, rain static with the vertical antenna
to one of being able to hear the radio range clearly, using the loop,
With orca riall traces of the rain static. In each condition of

vere rain slat lc, the switch was used to transfer the receiver many
titne, bet v,een the loop rind antenna. Thus, it was proved beyond a.
shadow of (10,11,1, that the electrostatically shielded loop, at least, would
materially aid in the reception of signals in rain static conditions. At

itoa ed :ince,/ as rrca t thirty from the station, the same
rela i ve condi' ion exiAed.Te..-11; were not carried on 1, grenterdistances
than about thirty

I )iring, filo, :limner of 193:), itooLhor imp vas Inolliami on
I)tut'lan raw:port, in airline operation on Ilse top and near the trill.
rolortutiatelv, titi! loop wan within a few 'Hellen of the vertical lien

antenna. It 1..:e believed that electrontal rharges built up stillirient
eorrent in the vertical antenna to indnee rain Jatic diaturbanre in the
loop, .'co coilditilfiv, of ?,,vorg min static were eneounteref I by I hat plane
dtirinv the muffler month and the rentilln of the were largely
nerative.
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In February, 1936, a loop was installed on another Douglas trans-
port under the nose, and the usual antenna used in that location was
moved to the upper surface of the fuselage. Numerous rain static con-
ditions were encountered shortly, and the tests again definitely proved
that, in most cases, the loop gave good reception when the vertical
antennas were useless because of rain static. Thus, the results of the
tests of a year before were definitely re-established.

Loop construction for modern high speed transports becomes a
problem. There have been constructed a number of loops for aircraft
use which are housed in a streamlined "egg." These reduce air resistance
to a negligible quantity. The loop may he more easily rotated in the
fixed shell. Further, the inside of the compartment which surrounds the
loop may be lined with an electrostatic shield of parallel and insulated
conductors which are grounded at one end only.

The question arises as to whether this type of construction will re-
duce rain static, as well as the open metallically shielded loop. It may
be that the electrostatic charges will form currents on the surface of the
shell which will, in turn, set up an electromagnetic field which will pro-
duce serious interference in the loop, regardless of the intervening elec-
trostatic shield. The metallically shielded and exposed loop does not
have thiS disadvantage. It can have currents flowing on its surface, or
parts of its surface, without there being an appreciable current set up
in the loop itself because of the low resistance of the loop shield.

Some few tests on antennas located within fabric wings have shown
little or no betterment in rain static conditions, and yet the charged
particles certainly cannot strike the antenna as located. Currents are
most probably formed in rain static on the wet fabric wing, inducing
the 'disturbance or capacitively coupling the disturbance to the wing
antenna.

The last problem concerns de-icing of the loop antenna. It was found
that with vertical antennas, particularly short ones, no signal was
heard on the receiver when some types of ice covered the antenna and
its insulators. An antenna so iced will be so thoroughly shielded that
signals of a 400 -watt station at ten miles or sometimes less will be
unheard. With the loop antenna, which is composed of a metal tubing
with a short gap in the circumference, there is always the possibility
of this gap icing 'over and shielding the loop from electromagnetic
waves.. With modern air -pressure -operated de-icer equipment the prob-
lem is rather easy, and a small rubber section which is periodically ex-
panded should de-ice the gap. It would also be necessary to de-ice the
remainder of the loop structure to prevent its loading up with ice and .

forming a hazard in the mechanical sense. It is known, by Transconti-
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nental and Western Air flight tests, that an eighteen -inch diameter loop
may ice to the extent that there is but a two- or three-inch diameter

hole at the center, the remainder being filled in with built-up ice. The
loop now being used is but ten inches in diameter, but a comparable
problem exists.

Further reduction in rain static is to be expected when the thickness

of the metal loop shielding is increased above the 0.040 -inch wall alumi-

num tubing now used. The gap in the circumference is now about a
quarter inch, and this can be shortened and a parallel wire shield placed

over it with the wires grounded to the loop structure on one side of

the gap.
Further research in the underlying principles of rain static and

methods of reducing it are being undertaken by the Radio Technical
Committee for Aeronautics. .
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MODES OF OSCILLATION IN BARKHAUSEN-KURZ
TUBES*

BY
W. D. HERSHBERGER

(Signal Corps Laboratories, Fort Monmouth, New Jersey)

Summary-Experiments are described in which "parasitic" oscillations are
elicited, and suppressed, in a generator of the Barkhausen-Kurz type by means of
either voltage or circuit adjustments. The performance of tubes of new design em-
ploying a straight filament, helical grid, and cylindrical plate cut transversely into
three sections is described, and the bearing of the experimental results on the problem
of the modes of oscillation of the resonating grid oscillator is indicated. A method of
stabilizing frequency by the use of such tubes in conjunction with a tuned transmis-
sion line is given.

INTRODUCTION

r 1 HE PROBLEM of eliminating parasitic oscillations in a Bark-
hausen-Kurz oscillator has been treated recently by Pfet-
scher and Muller' who designed a series of tubes to generate

pure frequencies. The, question is one which is intimately connected
with that of the modes of oscillation possible in such'tubes and it is of
considerable importance, especially when it is desired to use the oscil-
lations for communication. Parasitic oscillations are at times encoun-
tered in work at the lower frequencies, below 300 megacycles, with
conventional circuits because in a system consisting of a tube generator
and its associated circuits which has several degrees of freedom the con-
ditions for oscillation in several modes may be met under a single set
of operating conditions. As a result several frequencies may be gener-
ated at once with a reduction in power at the frequency desired. In an
electronic oscillator the situation is aggravated by the added factor
that the space charge between the electrodes contributes additional
degrees of freedom to the system. However, in general only a few of the
added modes of oscillation are consistent with the conditions imposed
by the geometrical form of the electrodes, and by the potential. differ-
ences and impedances between electrodes. The purpose of this paper is
to present the results Of studies which illustrate the complicated char-
acter of these oscillations and to point out the conditions favorable for
the production, or supl)ression, of parasitic oscillations in certain cases.
Tubes of new design using a helical grid and a plate cut transversely
into three sections were constructed. The performance of such tubes is

* Decimal classification: 8133. Original manuscript received by the Insti-tute, February 27, 1936. ;Published with permission of the War Department.1 Pfetscher and Miiller, Hochfrequenz. and Electroakustik, vol. 45, p. 1,(1935).
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described and some results with them which throw light on the modes

of oscillation of a resonating grid tube are presented. In addition, the
advantages afforded by this type of construction are pointed out with
special reference to the problem of stabilizing frequency.

MEASUREMENT OF WAVE LENGTH

The determination of wave length is of primary importance in
this study. Two methods were. used concurrently. One method em-
ployed a parallel wire transmission line or Lecher wire system four
meters long. The fixed end of the line was terminated physically by a
short-circuiting bar and a crystal detector was coupled to this end of the
line. The movable bridge across the line was a brass plate eight inches
square soldered to long brass bushings fitting closely on and sliding on

the wires. This arrangement insured that the plate was always held
perpendicular to the wires. The plate was subjected to remote control
by a simple cord -and -pulley system and its position could be read to the
nearest millimeter. The output of the crystal detector was led either
to a direct -current microammeter or to an audio -frequency amplifier
when tone modulation was used with the generator. The coupling be-
tween the generator and the receiver was made as loose as possible to
decrease the possibility of interaction between the two systems.

The second method of determining wave length employed the RCA -

955 tube as an oscillating detector in a conventional Hartley circuit.
One such circuit operated in the range from 2.0 to 3.0 meters and a
second from 3.5 to 5.0 meters. Harmonics in these circuits were used to
determine the wave length of the Barkhaus'en-Kurz oscillations most
of which were less than one meter in length. These circuits were cali-
brated using the Lecher wires and afforded a rapid means for search-
ing for parasitic frequencies. In case of doubt as to the order of -a har-
monic recourse was had to the Lecher wire system. The 955 tube was
followed by one stage of amplification.

PARASITIC FREQUENCIES DEPENDENT ON VOLTAGE ADJUSTMENTS

A tube of given structure may often be made to oscillate in any one
of several distinct frequency ranges by adjustment of the supply volt-
ages and the filament current. This type of operation has been noted
previously2 and the oscillations variously referred to as "harmonic"
oscillations, or as "normal" and "dwarf" oscillations. The performance
of an experimental tube of General Electric manufacture illustrates

2 The review of work prior to 1933 given by Megaw, Jour. I.E.E. (London),
vol. 72, p. 313, (1933), is so comprehensive that no detailed list of general refer-
ences is given in this paper.
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certain features of this behavior for tubes of the Clavier3 resonating
grid type. The tube employs a straight filament, a helical grid whose
two ends are connected to a transmission line external to the tube, and
a cylindrical plate. For the present tube, line length has an influence
of secondary importance in determining wave length compared to the
'effect of the applied voltages.

Table I shows some of the wave lengths which may be obtained
from this tube together with the operating conditions. The last column.
gives values of X2E X 10-4 which according to the Barkhausen law is
constant for a given mode of oscillation.

TABLE I

X (cm) By (volts) 1 (ma) B,, (volts) X2E0 X10-4
22.6 470 70 -75 24.022.8 450 70 -75 23.432.1 320 100 -15 32.934.5 280 100 -20 33.336.0 220 65 -17 28.588.1 155 60 -10 120.594.7 135 50 - 2.5 121.097.0 125 50 - 2.5 117.5

In short, this tube is capable of oscillating in any one of three well-
defined regions with each region characterized by its own Barkhausen
constant. Oscillations in the thirty-four -centimeter range are more
powerful than those in the other ranges and these are attributed to
resonance in the helical grid considered as an inductance tuned by its
own distributed capacity. In the ninety -centimeter mode the grid must
act largely as an equipotential electrode, while the twenty -two -centi-
meter oscillations may arise from resonance due to other features of
tube structure such as lead length inside of the glass envelope.

When the applied voltages are selected to cause the tube to operate
near the middle of any of these regions of oscillation no evidence of
parasitic oscillations was. found. On the other hand, if one works near
the edge of an oscillation region, or selects operating voltages inter-
mediate between those for the thirty -four -centimeter range and the
ninety -centimeter range, or the thirty -four -centimeter range and the
twenty -two -centimeter range, the tube generates not one wave length
but several. These two transition regions display similar characteris-
tics. Such a region is found when E, = 200 volts, Io =70 milliamperes,
and E,= -10 volts. Fig. 1 shows the output of the crystal detector as a
function of the length of the Lecher wire wavemeter under these condi-
tions. It is clear that the peaks are divided into two separate fathilies.
The families are distinguished both by the magnitude of the peaks and
their spacing. Table II gives the positions of the peaks on the centi-

3 Clavier, Elec. Communication, vol. 12, p. 3, (1933).
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meter scale used. Column 1 gives the ordinal number of a peak, column
2 the positions of peaks belonging to one family, column 3 the positions

.of peaks belonging to the second family, while columns 4 and 5 give
the intervals between the peaks of columns 2 and 3, respectively.

I (CRYJIA

kw-move/4
200

. /50

/00

so

0

7
20

J
100 /20 /40 /60

SCALE (cm)

Fig. 1 -Detector current when Lecher wires are used to receive radiation from
a tube generating 81.0- and 38.6 -centimeter waves simultaneously.

UAL1
40 60 80 /80 ZOO 220 240

Thus the tube is oscillating in two modes simultaneously, one cor-
responding to a wave length of 81.0 centimeters and the second to a
wave length of 38.6 centimeters. The value of VE X 10-4 for the former
is 131.0 and for the latter 29.8 which agree reasonably well with those
found for the Barkhausen constant in Table I.

TABLE II

1 2 3 4 5

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

42.0
56.2
75.6

82.2
94.6

113.4
123.5

133.3
151.6

163.5
172.0
191.0

204.0
210.6
230.0

X1=81.0 cm.
X2=38.0 cm.

40.2

41.3

40.0

40.5

19.4
19.0

18.8
19.9

18.3
20.4

19.0
19.6

19.4

PARASITIC FREQUENCIES DEPENDENT ON CIRCUIT TUNING

The parasitic frequencies just noted arise when the operating volt-.
ages for a tube of given structure are improperly chosen. In other cases
it is feasible to elicit, or suppress, parasitic frequencies by holding
voltages constant and making appropriate circuit adjustments. The
push-pull circuit of Kozanowski4 lends itself well to this type of experi-

4 Kozanowski, Paoc. I.R.E., vol. 20, pp. 957-968; June, (1932), and Hersh-
berger et al., Physics, vol. 4, p. 291, (1933).
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ment. The circuit uses two tubes with the plates and filaments, or the
plates and grids, connected to a four -wire transmission line. The tubes
used were de Forest 552's. The operating conditions were as follows:
Ea= 500 volts, I,=400 milliamperes, and Lip= 90 volts. The curves
of Fig. 2 were obtained by varying the length of the plate Lecher wires.
Abscissas give the distance from the axis of the tubes to the shorting
bridge, while ordinates give the main wave lengths generated. The
features of interest shown by the curves are the existence of a range of
line lengths for which a single frequency is generated and of another

A (cm)
86

84.

82

80

78

76
280 250 ,100 3/0

&STANCE- BRIDGE TO TUBES
(c.m)

320

Fig. 2 -7 -Oscillations of two different wave lengths generated simultaneously as aresult of improper circuit adjustments.

range for which two frequencies are generated. The range of lengths
for which two frequencies are generated is one in which the line is ap-
proximately eight half-wave lengths long for one frequency and seven
at the other. These frequencies exist side by side until the length of the
line is adjusted to suppress one mode or the other.

It is often possible to choose such a combination of operating volt-
ages and circuit adjustments as to elicit three, four, or more -modesfrom a circuit at once. Thus the Kozanowski circuit could be adjusted
to generate 77.0-, 90.4-, and 104.8 -centimeter oscillations simulta-
neously. Such an adjustment is held to be improper, first, because of the
presence of the parasitic frequencies themselves, and; second, because
under the conditions favorable for the production of parasitic oscilla-
tions, power output is considerable below the maximum attainable. Itis possible that the multiplicity of frequencies noted by Pfetscher andMiller' for certain tubes were due to improper tube operation or cir-
cuit adjustments, as well as to faults inherent in tube design.
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HELICAL GRID TUBE WITH TRISECTION PLATE

Tubes of new design were constructed which differ from those of
Clavier in that the plate is cut transversely into three sections inde-
pendently connected to the external circuit so they may be held at
desired differences of potential with respect to each other. The two
outer sections are usually held at the same potential. A photograph of
one such tube is shown in Fig. 3. In a tube of this design the equipo-
tential surfaces immediately inside of and concentric with the plates
may be made either concave or convex inwards at will. This arrange -

Fig. 3-Helical grid tube with trisection plate.

ment affords a flexible control on the boundary conditions to which the
space charge in the grid -plate space is made subject.

In one tube of this type the leads inside of the glass envelope were
given such a form as to isolate in effect the tube elements. No change
in frequency could be measured on varying the length of a transmission
line coupled to any pair of electrodes or to the ends of the helical grid.
Two distinct sets of operating conditions were found. The curves of
Fig. 4 show one region of oscillation for the tube. To excite this mode,
we set Eg = 250 volts, /, = 150 milliamperes, and the inner plate section
was held a times as negative with respect to filament as the two outer
sections. Abscissas in Fig. 4 give the negative bias on the outer sections
while ordinates give the wave lengths generated. Curves are shown for
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a = 3, 5, 10, 15, and 20. Oscillations were feeble for a = 3 or 20 but were
much more powerful for the other values of a. Under the operating con-
ditions outlined the central plate section obviously drew no current
but its bias affected the current distribution along the length of the
grid. The middle section of the grid becomes appreciably cooler when
the middle plate section is given a large negative bias. The oscillations
in the wave -length range from thirty-eight to forty centimeters are at-
tributed to resonance in the grid helix coupled to the end plate sections.
The natural period of the grid if isolated from the other elements is
calculated to give rise to a wave length of the order of twenty-five

42

(cm)
4/

40

39

.38

.37

.36

do

-70 -60 -50 -40 -JO

Ep (OUTER)
( VOL TS)

Fig. 4-Oscillation region for trisection plate tube. Inner plate section is held
a times as negative with respect to filament as outer plate sections.

-20 -/0 0

centimeters. The presence of the end plate sections with leads is suf-
ficient to account for the discrepancy between this wave length and
those actually observed.

The second mode of oscillation was elicited when E0 = 170 volts,
IQ = 130 milliamperes, and the outer plate sections were held 7 times
as negative with respect to filament as the inner plate section. Under
these conditions the end portions of the grid were appreciably cooler
than the central portion. y was given values 2, 3, 4, 6.5, and 10. The
curves of Fig. 5 show the results obtained. Abscissas give the negative
bias on the inner plate section, which now draws current, while ordi-
nates give the wave lengths generated. The region from forty-eight to
fifty-five centimeters included by the dotted lines marks the operating
conditions for the greatest amount of power. Oscillations at wave
lengths shorter than forty-eight centimeters were feeble while in the
neighborhood of sixty centimeters a variety of parasitic oscillations
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were elicited. In this second mode of oscillation the helical grid is driven

at its central portion and probably acts largely as an equipotential

surface.

A
(c.m)

65

60
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so

/0
6.5

4540
15 c10 -25 -20 -IS

Ep (INNER)
(VOLTS) .

Fig. 5-Oscillation region for trisection plate tube. Outer plate sections are'
held y times as negative with respect to filament as inner plate section.

In later tubes employing a three -section plate the leads from the
grid and from the three plate sections were made as short and straight
as possible to permit the use of external transmission lines. One tuned

A
(am)
23.0

POWER
(RELArivel
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Fig. 6-Curves illustrating effect of grid tuning on wave length, curve A, and

on relative power, curve B; also effect of plate tuning on wave length, curve
C, and on relative power, curve D.

line was connected to the end sections of the plate, a second line to the
ends of the grid, and the two lines coupled together as in the Kozanow-
ski oscillator. Optimum operating conditions for one tube were as fol-
lows : Ai -200 volts, Jo= 80 milliamperes, EP(outside) = - 22 volts,
and Eginside) = - 125 volts. That is, for this tube, the inner plate
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section was best held from five to six times as negative with respect
to filament as the outer plate sections.

Fig. 6 shows the effect of the length of the lines on the wave length
generated. Abscissas represent the distance from the shorting bars
terminating the transmission lines to the point where the leads join
the plate sections proper. This figure shows the effects obtained by
varying the lengths of plate and grid transmission lines separately,
with 13,1 and D indicating these lengths, respectively. Curve A rep-
resents the wave lengths obtained when D, z =11.8 centimeters and
D was varied while curve B represents relative power. Curve C was
obtained on holding D constant at 11.8 centimeters and varying Dn1
while D is the relative power curve. It is to be noted that under these
conditions plate tuning is approximately three times as effective in
determining both wave length and power as is grid tuning.

The effect of the adjustments of the four -wire transmission line on
the wave length generated shows that under appropriate working
conditions a tube of the helical grid type operates in a true push-pull
fashion. In fact, the entire system bears a striking resemblance to the
two -tube circuit of Kozanowski. The elementary oscillators making
up the Clavier generator employ one glass envelope and a common
filament and plate, but owing to its helical construction, the grid offers
a high impedance at a narrow frequency range and is thus able to sup-
port the necessary radio -frequency difference of potential along the
direction of its length. One important distinction between the resonat-
ing grid and Kozanowski oscillators lies in the type of coupling between
the elementary oscillators constituting them. In particular there is
present in the former, but not in the latter,"electron" coupling, that is,
the motion of electrons in one end of the Clavier tube plays a direct
part in determining the forces on electrons in the other end. The "elec-
tron" coupling is subject to a degree of control in the tube with the
three -section plate by adjustments of the direct-current potentials
applied to the various sections.

The tube with the three-section plate makes possible the use of a
plate transmission line and thus the best position for a shorting bar on
the line may be determined. The tube may be operated under conditions
approximating those for the Clavier tube if the bar -terminating theplate line is placed at a distance from the plates exactly equal to an
integral number of half-wave lengths and if the three plate sections
are held at the same direct -current potential. The effects noted on de-parting from these conditions serve to determine whether or not the
Clavier tube is operating under optimum conditions.

The merits of plate tuning were put to test by holding the length
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of the receiving Lecher wires used as a wavemeter constant and noting
the power received as the lengths of the plate :111(1 grid transmission
lines were -adjusted simultaneously to generate the fixed wave length
desired. Fig. 7 shows the relationship between Do,. and D,,, to generate
23.40 -centimeter waves and the relative power curve. The power curve
displays a maximum when D,11 = 11.7 centimeters and D, = 11.25 centi-
meters. It is very nearly symmetrical aboutD,,i =11.7 centimeters. Thus
the maximum amount of power is generated when the plate line is
exactly one-half wave length long within the limits of the error of the
measurements, but with the grid line a few millimeters shorter than a
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Fig. 7-Relationship between length of grid transmission line and that of plate
transmission line to geneiate 23.40 -centimeter waves, and the correspond-
ing curve for relative power.

half wave length. This conclusion is borne out by experiments carried
on throughout the range of wave lengths generated by the tube. In
the curve shown, the received power drops to one half the maximum
value when the difference between one-half wave length and the length
of the plate line is plus or minus two millimeters. In the present in-
stance, it is also noted that the length of the plate line has 3.5 times as
great an. effect in determining wave length as has the length of the
grid line.

It thus becomes evident that for generating the maximum amount
of power the shorting bar terminating the plate line could be placed
to connect directly the end plate sections and this line eliminated. On
the other hand, one advantage afforded by plate tuning is that, due to
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its marked influence on wave length, in combination with grid tuning
a single tube may be used over a greater frequency range than if grid
tuning alone were used. In addition, the use of the tuned transmission
line instead of a shorting bar connected directly between the end plate
sections permits one to take advantage of the selectivity afforded by
such lines5 and thus attain a high degree of wave length stability. In
either case, we meet equally well the condition for generating the maxi-
mum amount of power but the shorted plate sections meet this condi-
tion for any wave length in the region of interest while the resonant line
meets it for but an extremely narrow range of wave lengths.
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Fig. 8-Relative power curve and curve showing length of grid line under condi-tion that plate line is given its .optimum length, namely, one-half wavelength.
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Fig. 8 shows the effect on power of simultaneous adjustments of
plate and grid transmission lines with the plate line always given its
optimum length, that is, one-half wave length. An examination of the
curve shows that the maximum amount of power for this tube is gen-
erated at a wave length of 23.6 centimeters and that the power dropsto approximately one half the maximum value at 23.1 and 23.9 centi-
meters. This curve gives a measure of the sharpness of resonance of the
grid helix itself. The second curve in Fig. 8 shows the length of grid linefor maximum power. The fact that it is several millimeters shorter
than the plate line is attributed to an end effect at the grid.

In Fig. 9 is shown the dependence of wave length and power on the
applied grid voltage. Filament current and the plate voltages were held
constant and the transmission lines were adjusted for maximum power

6 Terman, Elec. Eng., vol. 53, p. 1046, (1934).
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at a wave length of 23.32 centimeters. The wave -length change was 
measured by noting the progressive change in position of the shorting
plate on the Lecher wires used as a wavemeter when this receiving line
was twenty half -wave lengths long. Under these circumstances the re-
flector 'position could be determined to the nearest millimeter. It will
be observed that wave length changes from 23.34 centimeters at 180
volts on the grid to 23.31 centimeters at 210 volts. The high degree of
wave -length stability with changes in grid voltage is attributed pri-
marily to the resonant transmission line connected to the end plate
sections. The effectiveness of this control is brought out forcibly by
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Fig. 9-Curve illustrating the frequency stability of trisection plate tube in con-
junction with tuned transmission line. Grid voltage was varied and effect
on power and wave length noted.

a comparison with the corresponding effect in the tube whose per-
formance is outlined in Table I. In this case a change in grid voltage
from 320 to 280 volts gave rise to a wave -length change from 32.1 to
34.5 centimeters.

The effect of varying the potential difference between the inner
plate section and the outer plate sections and filament was determined
under conditions of constant grid voltage and current. Observations
were taken on wave length and relative power. To obtain the maximum
power output for all adjustments the outer plate sections were held
from eighteen to twenty-two volts negative with respect to filament in
the course of a run in which the potential difference between the inner
section and the filament was varied from minus ten to minus 300 volts.
Wave length changed from 23.71 to 23.61 centimeters. The power out-
put increased by a factor of three on increasing the negative bias on the
inner plate from 'minus twenty-two volts, where it equalled that on
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the outer plate sections, to minus 125 volts. The power curve is shown
in Fig. 10 and displays a broad minimum when all plate sections are
given the same bias. The increased efficiency of the tube for large values
of the negative bias given the central plate section is attributed to the
fact that the end portions of the electrodes rathe, than the central
portion play the predominant part in the generation of oscillations. The
current drawn by the central portion of the grid probably adds little
or nothing to the maintenance of oscillations.
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Fig. 10-Power generated by trisection plate tube as a function of the negative
bias given the inner plate section.
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The conclusions reached in this paper concerning the principal
mode of oscillation of a microwave generator of the helical grid type
are in general accord with the picture preented by Miiller° as a result
of his studies with this type of tube. The evidence afforded by the pres-
ent design serves in particular to emphasize the importance of the end
portions of both grid and plate when the tube is oscillating in the mode
for which the grid resonates. In this mode the tube may be viewed as
a frequency "doubler" whose operation is in some respects analogous
to that of a conventional full -wave rectifier. The fundamental driving
frequency, which may be detected as a relatively feeble oscillation, is
given by the Barkhausen law. The strong second harmonic oscillation
arises from distortion in the system accentuated by the resonant grid.
Under these circumstances the second harmonic is the predominant
one.

6 Miller, Ann. der Physik, vol. 21, p. 611, (1935).
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HIGH VOLTAGE MERCURY -POOL TUBE RECTIFIERS*

BY

C. B. FOOS AND W. LATTEMANN
(General Electric Company, Schenectady, New York)

Summary-Mercury-pool tubes of the ignitron type offer attractive features
for power rectifier service. This paper discusses the application of this type to con-
trolled high voltage, high power rectifiers for radio transmitters, and some problems
peculiar to their use as such. A developmental rectifier of this type, which has been
in trial operation, is described.

MERCURY -POOL tubes of the ignitron' type have been used
very successfully for some time in resistance -welder control.
These tubes also, offer attractive features for power rectifier

service, particularly for certain power ranges, and several applications
in this wide field have already been made. This paper will discuss
the application of this type of tube for high voltage, high' power recti-
fiers for radio transmitters, and some problems peculiar to their use
as such. It will also describe such a developmental high voltage pool
tube rectifier which has been in trial operation.

The ignitron type of mercury -pool tube has been adequately de-
scribed in previous papers.' Briefly, it consists of an evacuated en-
velope with an anode, a mercury -pool cathode, and.a third, or starter,
electrode of high resistance material, dipping into the mercury pool.
When a brief pulse of current is passed through the starter, an arc
spot is established on the surface of the mercury pool and power cur-
rent flows from the anode to the cathode. This action is repeated each
time it is desired to start conduction. The tube is thus a controlled half -
wave rectifier, which will not start conduction unless there is (1) posi-
tive voltage on the anode, and (2) an impulse of starter current passed
through the starter. Such a device has very attractive possibilities as a
controlled high voltage rectifier. These possibilities made it worth while
to set up a developmental rectifier to work out the circuit and applica-
tion problems involved. Before describing this developmental rectifier,

* Decimal classification: R356.3 X621.313.7. Original manuscript received
by the Institute, February 24, 1936. Presented before Philadelphia. Section,
February 6, 1936.

1 J. Slepian and L. R. Ludwig, "A new method of starting an arc," Elec.
Eng., vol. 52, p. 605; September, (1933).

Ludwig, Maxfield, and Toepfer, "An experimental ignitron rectifier," Elec.
Eng. vol. 53, p. 75; June, (1934).

:T. M. Cage, "Theory of the immersion mercury -arc ignitor," Gen. Elec. Rev.,
vol. 38, pp. 464-465; October, (1935). .

W. G. Dow and W. II. Powers, "Firing time of an ignitor type of tube,"
Elec. Eng., vol. 54, p. 942; September, (1935).
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let us consider what might be gained by using this type of tube in a
high voltage rectifier; and to this end, let us make a comparison of such
a rectifier with (I) a grid -controlled hot -cathode rectifier, and (11)
grid -controlled mercury -arc tank rectifier. It should be understood that
this comparison is based on operation of 1},, relatively small develop-
mental unit. Tubes for higher voltages and currents are not at present
available. There appears to be no fundamental reason, however, why
such tubes of increased ratings cannot be made available when needed.

I. COMPARISON WITH HOT -CATHODE RECTIFIER

One advantage which the pool tube has over the hot -cathode tube
is that of emission. When more current is called for, the arc -spot area
simply increases, and the electron demand is supplied. Currents of 100
or even 1000 times the average rating of the tube can be supplied easily.
This eliminates any emission limitation from the cathode; and in case
of an arcback, those tubes which carry high current in a forward direc-
tion are not affected adversely. In a hot -cathode tube, during an arc -
back started by one tube this high forward current may sputter the
emitting surface of another tube to a harmful degree, and perhaps
throw some of it to the anode. This causes the condition every radio
station operator is familiar with, where one tube arcs back, thereby
causing several others to arc back. Another advantage of this high-
peak -current -carrying capacity is that an initial condenser filter can
be used without bad effect on the tubes. Such a filter reduces the anode
bombardment resulting from working into an initial inductance filter;
this reduction makes arcbacks less probable for the same value of peak
inverse voltage.

Another advantage over the hot -cathode tube is also connected with
greater freedom from anode emission. The collection on the anode of
particles of barium -emitting surface, particularly after cathode sput-
tering due to passage of high current, may result in reverse currents.
This action of course does not exist in pool tubes.

Another point in favor of pool tubes is the absence of heating time,
which permits quick replacement of a tube in case of a failure or other
emergency, and immediate resumption of service.

Another advantage in the use of the ignitron type df tube is the factthat instead of an upper and lower condensed-mercury temperature
limit (as must be set in both hot -cathode and tank rectifiers) there is
only an upper limit, approximately the same as in hot -cathode tubes.We have operated a mercury -pool tube of this type in liquid air, at a
temperature of at least -7- 200 degrees centigrade with the mercury pool 
frozen solid and far below its melting point; under these conditions the
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tube would apparently start and operate as well as at room tempera-

ture. This single temperature limit considerably simplifies the cooling

arrangements and control.
Last but not least is the point of operating life. So far we have not

enough data to give definite figures; but what we have is encouraging,
and we expect to get life at least as good as that of the best hot-cathode

tubes.

II. COMPARISON WITH MERCURY-ARC TANK RECTIFIER

An advantage the ignitor -starter pool tube has in comparison with

the mercury -arc tank for radio transmitter service is the absence of

ionization in the pool tube on the inverse part of the cycle. In the

mercury -arc tank this ionization is always present, because of the con-

tinuous presence of the holding arc on the mercury pool, and intense
-positive-ion bombardment of the anode will, therefore, take place

unless the anode is very thoroughly baffled and shielded.
Another important advantage is the fact that these tubes are single

half -wave units; thus they can be used in circuits other than those re-
quiring a common cathode. Tank rectifier circuits require a common
cathode. In high voltage rectifier service this means that with tubes
the three-phase full -wave circuit can be used, which (in comparison
with the six -phase half -wave circuit used by tanks) results in only half
the peak inverse anode voltage for a given direct -current output, and
in better transformer utilization, which- means a smaller transformer

fora given output.
In addition, these tubes are sealed -off units, complete in themselves,

and require no pumps or other auxiliaries. No time is required to pump
them back down after an extended power failure; they have no heat-
ing or aging time requirement, and in general they are air-cooled
rather than water-cooled; in most cases no temperature control is
required on the cooling medium.

Finally, there is the question of reserve capacity. Reserve capac-
ity in a tank means one additional tank, complete; otherwise a failure
of one part or a fault in the tank proper will take the whole rectifier
out of service until it can be repaired. A tube rectifier, on the other
hand, requires only several tubes for spares.

There is also the further advantage of the ignitron tube, over both
the grid -controlled hot -cathode tube and grid -controlled mercury-arc
rectifier, in the matter of control. Control of output voltage can be ob-

tained in ignitron tubes in exactly the same manner as in grid -con-
trolled devices; i.e., by starting conduction at the desired point in the
cycle. The difference is that in grid -controlled devices the interior is
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usually in a conducting condition before it starts; the cathode or the
arc spot is emitting electrons, which are restrained from reaching the
anode by the charge of the grid; in other words, the tube is more or less
forcibly "held off." Loss of control power usually means that the
device turns fully on. On the other hand, the ignitron tube is completely
dead until "fired'.'; there is no source of electrons; and in case of con-
trol failure, the device fails "off," or in the safe condition. Grids may
easily become contaminated and lose their "hold -off" power. Such is
not the case in the ignitron tube, and a more positive control results.

There are several characteristics peculiar to ignitron tubes which
must  be considered in designing radio transmitter rectifier equip-
ment to use them. The first, naturally, is the starter itself. Starting
these tubes requires that a pulse of current be passed through the
starter each time the tube is to start. This current is not critical, and
needs last for only a very short time; reliability of firing, however, re-
quires that a good excess of current be used for at least a certain part
of a cycle. As an example, we might cite the starting circuit in use .in
the South Schenectady installation, which represents the maximum
starting power we believe should be used. This circuit puts a half -sine
wave of a higher frequency current, having a peak value of eighteen
amperes and a duration of six. electrical degrees on a sixty -cycle basis,
through the starter. Using two starting pulses per cycle, this represents
an average current through the starter of 0.38 -ampere. The total con-
trol.circuit power input, including all filaments and losses, is less than
200 watts per main power tube in this circuit. We hope that with im-
proved starter design we can reduce this considerably. In this con-
nection, it should be pointed out that the starter power and circuit
are the same regardless of the size of the tube; all that is necessary, in
any size of tube, is to establish the arc. The same power is required for
a higher rated pool tube as for the smallest.

The second characteristic which must be considered is that thetube is a controlled rectifier, and that conduction cannot occur unlessthere is exciting current passed through the starter as well as forward
voltage on the anode. If two tubes are to start conducting at the samepart of the cycle, as they do in the three-phase full-wave circuit with
capacitive load, they must be fired together.

The third characteristic is the fact that a certain minimum currentis required to maintain the arc spot, once started, and hence to con-tinue conduction. This minimum current is determined by the designof the tube, and a representative value is three or four amperes. When
the current drops below this value, the arc spot goes out, and conduc-tion in the tube ceases in a time of the order of a very few micro-
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seconds. If the current is flowing through an external circuit containing
considerable inductance (such as the high voltage winding of a trans-
former), the stored energy in this inductance (1/2 LP) must be dissi-

pated or transferred; usually this is accomplished by the voltage

across the inductance rising until the energy is transferred by raising

the charge on the distributed capacity of the windings. But if the dis-

tributed capacity is low, the voltage may rise to a very high value be-
fore this balance takes place, high enough to cause an insulation
puncture or flashover. Fortunately, the problem is easily met by shunt-

ing each of the power windings by a small condenser, with somewhat
more resistance in series with it than is necessary to damp critically

the LCR circuit thus formed. This circuit has a high impedance to
power frequency but a very low impedance to the extremely steep -
fronted transient set up by the arc snap-out.

This type of transient voltage protection, incidentally, is also
desirable on all rectifier installations, and as a matter of fact is an ex-
cellent thing to have on any inductance subject to surges.

III. DEVELOPMENTAL INSTALLATION AT SOUTH SCHENECTADY

As a means of obtaining design and operation experience on an
ignitor -starter high voltage mercury-pool rectifier, a developmental
rectifier was set up at the South Schenectady transmitter station,
which houses the transmitters of WGY, W2XAF, W2XAD, and
WPGC. The power circuit (Fig. 1) consists of a three-phase trans-
former with a delta connected primary and a Y connected secondary
with an ungrounded neutral. Each of the legs of the Y is shunted by a
0.02-microfarad condenser in series with a 1500 -ohm resistor, which

POOL TUBES

Fig. 1-Main power circuit.

acts as a transient voltage suppressor. This transformer feeds six
ignitron tubes connected as a three-phase full -wave rectifier. Physically
they are essentially a glass cylinder four inches in diameter and ten
inches long, with an anode in the top and a mercury -pool cathode and
immersion ignitor starter in the bottom. (See Fig. 1.) It should be
understood at this point that these tubes were not designed for high
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voltage rectifiers, and that future high voltage tubes will contain de-
sign changes. It was desired, however, to get a high voltage rectifier
installation into operation to work out the initial control and other
design features of the rectifier, before undertaking. development work
on high voltage pool tubes.

The power transformer is capable of about seven amperes direct-
current output, at a voltage determined by taps on the transformer
and having a maximum of twenty kilovolts. The rectifier output is fedinto a filter, which has an initial condenser of 3.7 microfarads, a filterchoke of ten henrys, and a final condenser of three microfarads. The
negative point of this output is grounded, and the positive point can be

INSULATED STARTER
TRANSFORMERS

SUPPLY

CHARGING
CURRENT

SUPPLY VOLTS

111PY

THYRATRON

fl
PEAKING TRANSF:

SECONDARY

BIAS

DISCHARGE CURRENT

Fig. 2-Elementary firing control circuit.

switched to the transmitter of either W2XAD or W2XAF, or to a largeadjustable resistance load.
The main tubes are fired through small transformers (about thephysical size of a 150 -watt transformer), one for each tube, which havetheir secondary windings insulated for cathode voltage to ground andconnected across the starter of the tube they are to fire. The core of thiscoil is at ground potential, and the primaries at the low voltage of thecontrol circuit.
The control circuit consists essentially of six type 866 rectifier tubes(rated 0.5 ampere average, two amperes peak) charging six two -micro -farad Pyranol condensers, which are in turn discharged through thefiring transformer primaries by six FG-57 thyratrons (rated 2.5 am-peres average, fifteen amperes peak), thereby sending a pulse of cur-rent lasting about six electrical degrees through the secondaries and
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starters. An elementary diagram of one firing circuit. is shown in Fig.

2. The condenser charges to the peak of the applied alternating voltage;

and at any desired point during the half of the cycle when charging

current to the condenser is held off by the rectifier, the condenser may

be discharged through the primaries of the firing transformers by the

thyratron. The exact point is determined by a six -coil peaking trans-

former which fires the thyratrons, which is in turn supplied by a small

three-phase Selsyn (four inches diameter by six inches long). Turning

this Selsyn determines at what point in the cycle the main tubes are

fired, and by simply turning its dial, smooth control of the output
voltage from zero to maximum is obtained.

It will be noticed that each thyratron fires two main tubes at the

same time, one carrying current to the positive side of the load and the

other carrying the return current from the negative side of the load,

BIAS
SUPPLY

Fig: 3-Bias control circuit.

and that each tube is, therefore, fired twice during each cycle, once ini-

tially and again sixty electrical degrees later. This type of firing is

necessary when working into an initial condenser load, as can easily
be seen from an analysis of the power circuit.

High speed automatic relaying and fault -clearing may be secured

by control of the hold -off bias on the thyratrons, either by electronic

or mechanical means. In this installation we obtained high speed clear-

ing simply by connecting the contacts of the existing instantaneous
overload relays into the bias rectifier circuit, as shown in Fig. 3. When
the relay trips open, it opens S and instantly raises the bias on the
thyratrons to a point where the peaking transformer excitation cannot
fire them; no more excitation is then applied to the starters. In .event
of an arcback, this easily clears the power before the inverse time -
overload relays in the transformer primary circuit could operate.

The results we obtained with this developmental rectifier are very
encouraging. The rectifier would operate very satisfactorily up to the
arcback limit of the tubes. W2XAF was operated on several test
programs, drawing five amperes at sixteen kilovolts from the rectifier,
and W2XAD was also operated on a number of programs, drawing five

amperes at eight kilovolts The operation was completely satisfactory
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from the standpoint of hum and noise, even when operating at two-
thirds maximum voltage with Selsyn control "cutback." It might be
expected that the discontinuous power output of a controlled rectifier
operating at reduced voltage would result in ripple at the filter output;but in the three-phase full-wave circuit, power is delivered over six
intervals during each cycle, and with an initial condenser filter of normal
design, no trouble is experienced.

Five amperes at sixteen kilovolts, however, represents about the
best we could get out of these particular tubes with a fair degree of
reliability. Application of this type of rectifier must, therefore, await
the development of high voltage ignitrons especially designed for this
class of service. The possibilities are so attractive, however, that this
development will undoubtedly be undertaken; and we hope to have
available ignitrons to meet any high voltage, high power rectifier
requirements.
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Summary-Class B audio -frequency and radio -frequency amplifiers have

many applications and the distortion can be kept to a very low value if the necessary

precautions are taken to prevent non linearity of such amplifiers. Undoubtedly, the

most important factor in the design of a class B amplifier for low distortion is the

characteristic of the driver system. Tube characteristics and the use of a proper load

are also important but are more definite and more generally understood.
The purpose of this paper is to present the results of recent developments of the

class B audio and radio amplifiers to reduce distortion. The results of the investiga-

tions indicate that a heavily loaded driver system in general is undesirable because

of the power consumed and because such loading results in greater distortion than
obtainable by other means.

The general procedure adopted to reduce distortion was to prevent distortion in

each unit of the amplifier system. Distortion balancing schemes are not only critical to

adjust but are likely to introduce higher order harmonics and sum and difference tones

which may be more objectionable than a higher measured value of lower order har-
monics. Actual performance data arc presented for medium and relatively high pow-

ered audio and radio systems. The necessary input requirements to permit the
performance obtained are discussed.

Sufficient theory is given to make the paper complete and to show that the actual

performance of such amplifiers can be quite accurately predicted if the necessary

tube characteristics are known.

INTRODUCTION

irHE general tendency toward high fidelity performance for radio-
phone transmitters as well as high modulation capability has
necessitated appreciable development of the class B audio- and

radio -frequency amplifiers to reduce distortion. The class B radio -
frequency amplifier has, for several years, been used almost exclusively
for the output system of radio transmitters. However, the application
of the class B audio amplifier for high level modulation is gaining much
recognition in the past few years, although such an amplifier was
successfully used for modulating a 1000 -watt broadcast transmitter
as early as 1928.1. The application of the class B audio amplifier for

* Decimal classification: R363.2 X R363.1. Original manuscript received by
the Institute, September 26, 1935; revised manuscript received by the Institute,
April 27, 1936. Presented before Tenth Annual Convention, Detroit, Michigan,
July 2, 1935; presented before New York meeting, February 5, 1936.

1 Loy E. Barton, "A plate modulation transformer for broadcast stations,"
 Univ. of Arkansas, Eng. Exp. Station Bulletin No. 8.
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high level modulation. has also been applied to a 500 -kilowatt station'
and to a number of medium powered stations.

This general trend permits Considerable saving in power costs,
reduces the number of tubes operating in parallel for a given output,
and is inherently a more simple system as regards design, adjustments,
and general maintenance.

For power outputs such that no convenient or economical tube
complement is available, the saving of power in high level class B
modulated systems may be offset by the cost of tubes and the modula-
tion transformer and reactor. In such cases, the class B radio-frequency
amplifier may be used to an advantage. The advisability of using a
low level modulated system in such cases. may be questionable when
an economical class B audio amplifier for modulation is developed forthe particular power classes now using low level modulation. Because
of the similarity of the class B radio- and audio-frequency amplifiers,
it is convenient to discuss some of the recent developments of both
amplifiers for low distortion output.

DEFINITIONS
Since there is some question as to the true definition of the various

types of amplifiers, it is desirable to define and discugs briefly the prin-
ciple types of amplifiers as a basis for the discussions andto clarify some of the misconceptions regarding the various types ofamplifiers.

A class A amplifier is an amplifier in which the plate current is
essentially proportional to the grid voltage for the entire signal cycle
or 360 electrical degrees.

A class B amplifier is an amplifier in which the plate current orresultant plate current is essentially proportional to the grid voltagefor 180 electrical degrees of the signal and the power output for eachtube is appreciably lower on one half cycle than the following halfcycle.
A class AB amplifier is an amplifier that fulfills the conditions for

a class A amplifier for low grid swings and fulfills the conditions for aclass B amplifier during the upper part of a cycle for high grid swings.
A class C amplifier is an amplifier in which the grid excitation andbias are such that the direct -current value of the plite current andoutput current 'is proportional to, or tends to be proportional to, thedirect plate voltage for intervals of time large as compared to theperiod of time for a radio -frequency cycle.
2 J. A. Chambers, L. F. Jones, G. W. Fyler, R. H. Williams, E. A. Leach,and J. A. Hutcheson, "The WLW 500 -kilowatt broadcast transmitter," Pnoc.I.R.E., vol. 22, pp. 1151-1180; October, (1934).
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It should be. noted that in the above definitions the value of bias
is not given nor is the grid swing stated. These values for the amplifier
tubes are not given because of the various types of tubes that may be
used for any, or all, three types of amplifiers. For instance a zero-bias
class B tube may be used as a class A amplifier if a positive bias is
used such that a signal voltage applied to the grid will result in a plate -
current change essentially propotional to the applied grid voltage for
the entire 360 electrical degrees. Therefore, it is evident that a class A
amplifier cannot be defined as a function of grid bias but it can be
defined in terms of the relation of the grid voltage and plate current
over certain ranges of grid voltage. The limit of grid swing and grid
bias depends entirely upon the grid conditions that permit the plate
current to meet the requirements of a class A amplifier.

The proper grid conditions for a class B amplifier are also the con-
ditions that will permit the plate current to behave according to the
definition for the class B amplifier given above. It is well known that
no tubes are yet available and probably will not be available that have
a linear plate current with respect to grid voltage from zero plate cur-
rent to the limit of plate swing. Therefore, for low distortion in a class
B amplifier the resultant plate current obtained from the slope of the
plate -current vs. grid -voltage curve must be essentially linear from the
operating bias point. This resultant plate current will be discussed in
detail later.

From the definition of a class AB amplifier (sometimes called class
A prime amplifier) the resultant slope of plate -current vs. grid -voltage
is different at low and at high values of grid swing. If the .plate resist-
ance of the tube used is very high compared to the load resistance the
resultant slope of plate current of two tubes in pUsh-pull over the class
A part of the cycle will approach two times the slope at points where
only one tube is working. For very low plate resistance tubes, the two
slopes may. approach the same value if the load resistance is several
times the value of plate resistance. It may be seen that in any case the
class AB or A prime amplifier will inherently introduce distortion to
a degree depending upon the plate resistance of the tubes used. A class
B amplifier may have the proper bias for low amplification factor tubes
and appreciable ouput may be obtained with no positive grid swing.
This type of.operation is a class B amplifier and not a class A prime
amplifier as sometimes called.

The class C amplifier will not be discussed further except to state
that for plate modulated service the grid bias and excitation necessary
to cause the direct plate current to be proportional to plate voltage
may vary with instantaneous value of plate voltage. In general, how-
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ever, the class C amplifier conditions are usually met if the grid is
operated at so-called saturated condition as regards bias and alternat-
ing -current excitation for all values of plate voltage to be applied to
the amplifier.

CLASS B AUDIO AMPLIFIER

The essential circuit and tube requirements for successful operation
of a class B audio amplifier are much more severe than the require-
ments for a good class B radio amplifier because the output of the audio
amplifier is a function of the instantaneous value of the plate current,
whereas, in the case of radio -frequency amplifiers a distorted plate
current is smoothed out by the tuned plate circuit.

The two most important factors in a good class B audio amplifier
are the driver system supplying the audio voltage to the grids of the
class B stage and the relation of the plate current to grid voltage for
the particular tube. These two factors are discussed at some length
because of their importance in the design of a low distortion class B
audio amplifier.

OPERATION OF THE DRIVER TUBES

The grid current characteristic of a tube operating as a class B
audio amplifier for a given plate load resistance must be known in
order that a good driver system may be devised. The plate character-
istics are also necessary for output calculations so that by using the
circuit as shown in Fig. 1, the grid and plate characteristics may be
obtained simultaneously. Such characteristics are shown in Fig. 1 for
two 849 tubes and are used to illustrate more fully the driver require-
ments. It should be noted that the characteristics of the plate and
grid currents plotted for various load resistances are for twoindividual
tubes and that the grid current characteristics may vary widely for
individual tubes. However, for a given load resistance and grid volt-
age, the plate current will be quite uniform for various tubes of the
same type.

Referring to the grid current curves in Fig. 1, tube A is somewhat
more erratic than tube B. The positive grid resistance represented by
the slope of the grid current curve of each tube at a point soon after
grid current starts is approximately 600 ohms. As the. grid swings fur-
ther positive, the resistance increases to infinity and then decreases
to a negative resistance of approximately 600 ohms for tube A but the
minimum negative resistance of tube B is not nearly as low. At peak
grid swings of about +110 volts the instantaneous grid resistance of
each tube is about 600 ohms positive resistance.

It will be noted that the plate current curves are essentially linear
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for grid voltages between -75 or -SO volts and +100 to +120 volts
when the grid voltage swings in a positive direction. Therefore, if no
voltage distortion is applied to the grids there should be no distortion
in the plate circuit from approximately the -75 -volt bias point, to the
plate current limit. However, the grid current wave to the grids of
the S40 will be badly distorted as can be readily observed. If the grid
current is applied from a. source having appreciable impedance, the
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Fig. 1-Dynamic transfer characteristics of RCA S49.

voltage wave applied to the grid will be distorted, which will cause
distortion in the plate circuit. Therefore, the internal resistance or
impedance of the source supplying audio voltage to the grids of the
class B tubes must be as low as practical in order to reduce voltage
distortion to the grids.

Since the driver system is essentially aperiodic, it is obvious that
any change in impedance in the grids of the class B tubes is reflected
directly through the coupling means to the plate circuit of the driver
tubes provided the coupling transformer approaches the performance
of an ideal transformer. If an ideal coupling transformer is assumed
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the lowest equivalent resistance in series with the grids of the class B
tubes is obtained when there is no loading resistance across the grids
of the class B amplifier, thus permitting a maximum step-down ratio
of the driver transformer, provided low impedance driver tubes are
used. There has been considerable disagreement on the question of
loading the secondary of the driver transformer to improve regulation
to the grids of the class B audio amplifier tubes so that a short proof
of the above statement is given. A proof of this statement is also given
by McLean.3 As will be shown later, this gene'ral statement also applies
to class B radio amplifiers in so far as the audio cycle is concerned.

The equivalent circuit for a driver system in a class B audio ampli-
fier is shown in Fig. 2 in which two tubes operating as a push-pull class

rp

Fig. 2-Equivalent circuit of driver for class B audio amplifier.

A amplifier are assumed to be connected to_ the primary of the driver
transformer, T1. The generated peak voltage in the plate -circuit of
the two tubes in push-pull is 2µEc1 and "the plate resistance in series
with each lead to the transformer primary is rp. The turn ratio of the
driver transformer T1 from total primary to total secondary is N1 to
2N2 and the ratio to one side of the secondary is N1 to N2. The resist-
ance, R, is the equivalent resistance transferred from the primary of
Ti, in series with each grid; RI is the equivalent loading resistance
across one side of the secondary, and RD is the resistance of the grid
of the tube which in general varies from a. very high value to some low
value. The variation of R, depends on the particular class B tube and
conditions under which it operates. From the characteristics of a tube
such as shown in Fig. 1, the peak grid voltage Emax for a given power
output may be read. From the characteristics of the driver tubes the
expression 2pEci can be found. The general quantities in Fig. 2 may be
used in the following expression to determine the eqUivalent series re-
sistance .1? for a required peak grid voltage E. for an ideal trans-
former:

2r,,N2= R (1)

3 True McLean, "An analysis of distortion in class B audio amplifiers,"PROC. I.R.E., vol. 24, pp. 487-509; March, (1936).
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ill which Ar=N2/N1
(1i L)

= (2)2NpE
A"2r,,+R L

in which R,,= parallel resistance of RI and no.
When R1 is omitted the variation of is from a very high value

to the minimum grid resistance of the class B tube. If a loading resist-
ance RI is used, the maximum resistance of RI, is then R1. It is obvious
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Fig. 3-Circuit for class B audio amplifier and driver.

from (1) that the regulation of the driver system improves as the plate
resistance r, is decreased so that tubes with minimum plate resistance
should be used. It is not so obvious from (2) that R1 should be omitted
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Fig. 4-Relative transformer ratio and voltage regulation to grids
of RCA 49 class B audio amplifier.

for best regulation of the voltage E, when Ra varies from a very high
value to a comparatively low value for any practical driver system,
therefore the essential circuit constants are assumed for a system such
as shown in Fig. 3 in order that relative values may be substituted in
(2) to obtain data for the curves in Fig. 4.
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It. will be noted that there are two solutions for N in (2) that will
satisfy the value assigned for Emax. At point A on the regulation curves,
the equation has only one solution and for lower shunting resistances
the solution of the equation is imaginary for the output voltage as-
sumed for Bmax. Therefore, the output voltage assumed cannot be
obtained for lower values of shunt resistance. It is obvious that if the
higher transformer ratio solution is used the regulation is improved
very much by making the shunt resistance as low as possible for a
given voltage output. On the other hand, if the lower transformer ratio
solution is used the regulation is improVed by omitting the shunting
resistance, provided the transformer ratio is reduced accordingly.

The above curves and solutions are obtained on the basis of ideal
operation of the driver tubes as a class A push-pull amplifier and that
the driver transformer is an ideal impedance coupling device. A study
of the plate characteristics of the 845 tube indicates that the tubes
operate more nearly as ideal class A amplifiers when the load resistance
is very high. If the load resistance is comparatively low, the plate
resistance of the tube increases at the extreme negative grid swing
which in turn raises the resistance in series with the primary of trans-
former T1. Therefore, in practice the regulation of the driver system
becomes worse than is indicated by the curves in Fig. 4 when shunting
resistance is added. The variations of plate resistance upward at
extreme negative grid, swings is perhaps the greatest disadvantage in
using shunting resistors across the secondary of the driver transformer
to improve regulation. This is the result of grid swings causing very
low values of plate current for an appreciable part of a cycle. Other
tubes, such as the 2A3 at maximum plate voltage may require loading
to obtain class A operation of the tubes.

It is also possible to operate low plate resistance driver tubes as
class B amplifiers without loading. In this case, for grid swings equal
to the class A condition, it is obvious from Fig. 2 and (1) that the effec-
tive resistance R in series with the secondary of the driver transformer
is double the value for class A operation of the tubes. By driving the
tubes as class B amplifiers into the positive region, some improvement
is obtained but is not equal to class A operation of low plate resistance
tubes unless a greater step-down driver transformer can be used be-
cause of greater plate voltage swing.

The effective impedance in series with the grids of the class B
amplifier tubes is the combined resistance transferred to the secondary
of the driver transformer from the plate circuit of the driver tubes
plus any loss and effective leakage reactance. The transformer ratio is
determined by methods discussed above but the losses in the trans-
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forul1.r :Ind ofloctive leakarre reactance in series with each half of the
secondary winding is a function of the transformer design. The losses
in t he transformer can be kept relatively low but the leakage reactance
of a driver transformer is not as easily kept to a low value.

A convenient way in which to obtain the approximate effective
impedance in series with each side of the driver transformer secondary
with the normal tube plate resistance connected to the primary termi-
nals is indicated by the circuit in Fig. 5. The curves, also shown in Fig.
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tion to the use of a transformer with high leakage reactance is that its
impedance at high frequencies may be greater than the negative re-
sistance of the grids of the class B tubes over certain portions of a cycle,
in which case a condition for dynatron oscillation is present. The use
of. a transformer in which the leakage is very low, reduces the distor-
tion to a negligible value and prevents the generation of high parasitic
voltages across the output transformer.

OUTPUT CIRCUIT REQUIREMENTS

It is obvious that for low distortion from class B audio amplifiers
the bias must be approximately correct so that the resultant output
from the two tubes in push-pull at points near the zero signal axis will
have the same slope as the output at higher values of signal. The plate
current curves in Fig. 1 indicate that the proper bias is about -135 volts
for approximately twenty-five milliamperes no -signal plate current.
However-, due to the fact that the cutoff characteristic of the 849 is
somewhat extended under 'operating conditions because of the  in-
creased instantaneous plate voltage, as a result of _its push-pull relation
with the other tube, the no -signal plate current for minimum distortion
is about forty to sixty milliamperes with a corresponding reduction in
bias. The extended plate -current cutoff effect is present because of the
relatively low plate resistance of the 849 as compared to the plate
load resistance. Therefore, it will be seen that the' resultant .plate
current as stated in the definition of class B amplifiers must be linear
from the bias point, and that the no signal plate current is not necessa-
rily essentially zero but may be appreciably higher than usually given.

Another factor affecting the distortion in a class B audio amplifier
is the leakage reactance in the output transformer shown as T2 in Fig.
3. It will be noted that the total power output is supplied from one
tube through one half of the output transformer primary during most
of alternate half cycles. Since the power is transferred through one
half of the primary windbag, due consideration must be given to the
leakage reactance of this transformer. Undue leakage in the output
transformer not only reduces the response at high audio frequencies
but also increases the percentage distortion of the output signal.

EXPERIMENTAL RESULTS

The above discussion on the class B audio amplifier indicated the
procedure in recent developments of this class of amplifier. The char-
acteristics of the 849 tube were used to illustrate the various items of
importance to develop a low distortion class B audio system. Although.
an amplifier of this type may be used for any purpose for which ap-
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proximately 1000 watts of audio power is desired, the most common

use for the amplifier is for high level modulation of a 1000 -watt radio-

phone transmitter. Distortion measurements were made on a complete
high level class B modulated 1000 -watt transmitter using 849 class
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Fig. 7-Distortion at various frequencies for transmitter
as adjusted for performance in Fig. 6.

B modulators. The input signal level was approximately 1.8 volts
across 500 ohms and a rectified portion of the radio -frequency output
was applied to the analyzer.

The data obtained from the above distortion measurements are
plotted in Figs. 6 and 7. It is believed that a distortion approximating
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the values shown in Figs. 6 and 7 is sufficiently low to meet any present
high fidelity requirements. This is especially true when. no visible dis-
turbance is indicated on the carrier envelope by a cathode-ray oscillo-
graph.

ZERO -BIAS CLASS B AMPLIFIERS

The plate -current grid -voltage characteristic for a vacuum tube
follows approximately a three -halves power curve. For tubes having
a low plate resistance as compared to the load resistance in series with
the plate, the resultant curve becomes nearly linear so that little dis-
tortion results from the use of such tubes as class A amplifiers, or as
class B amplifiers if the proper bias is used. On the other hand if the
tube is to be used at zero bias the plate resistance of the tube must be
high compared to the load resistance resulting in little change in the
normal three -halves power curve for the plate -current grid -voltage
dynamic transfer curve or the curve in which the plate load resistance
is included in the plate circuit. Therefore, it is improbable that a zero -
bias tube can be made to have low distortion output with essentially
zero no -signal plate current. A possible solution is to allow appreciable
zero -signal plate current so that the resultant plate current as related to
the grid voltage will be linear from the operating point for one-half
cycle as indicated in the definition of a class B audio amplifier. The
maximum zero -signal plate current is limited by the plate dissipation
of the tube so that if maximum output is to be had, the average plate
current will rise appreciably at peak outputs.

By using a relatively high zero -signal plate current for zero -bias
tubes the normal three -halves power curve of plate current vs. grid
voltage can be altered appreciably by the use of a special grid structure
so that the resultant plate current slope of two tubes in push-pull atpoints near the zero -signal axis will be equal to the slope of one tube
during peak positive grid swings at which point the plate current will
be zero for the other tube.

The new 838 tube has approximately the characteristics desiredfor a zero -bias tube as outlined above. Because of the difficulty and
complications in design and manufacture, the 838 was so designed that
it could be used for zero -bias operation as a class B audio amplifier for
applications in which some distortion could be tolerated, and for appli-cations requiring very low distortion a small bias could be used.

The dynamic transfer curve for an individual 838 is shown in Fig.8 and represents approximately the characteristic of this type of tube.Two resultant plate currents are drawn which indicate the slopes ofthe resultant plate current for zero -bias operation and for -15 -volt
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bias operation. The circuit with which the curve data were taken is the
same as in Fig. 1.

The resultant curve A, drawn for a bias of -15 volts, is much more
linear than the resultant CUITC B. It should be noted that the grid
current for this tube represents approximately a constant resistance
as compared to the erratic grid resistance. of the 849 tube shown in

Fig. 1. As a result of the more or less constant value of grid resistance
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Fig. 8-Dynamic transfer characteristics of an 838 tube.

the 838 is much easier to drive than the 849; however, the output of
a pair of 838's is approximately 250 watts as compared to 1000 watts
output for two 849's.

Distortion measurements were made for operation of the 838 at
zero bias and are shown in Fig. 9. Distortion curves are shown for the
-15 -volt bias operation in Fig. 10. These curves agree quite well with
distortion that may be predicted from the dynamic transfer curves in
Fig. 8. The driver systems for the above curves were practical class
A driver systems. The impedance of the driver systems for Fig. 10
was somewhat higher than the system driving the grids for the curves
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in Fig. 9 which' accounts to some extent, for the somewhat, higher output
power per pair of 838's in Fig. 9.

1/4 6

4

IIM 4 ""0 OLTS
Cr reeo WE-mum LORD RC5  t000 OHMS PER TU6C

MUM= 1.111111111111111111111.10
IIIIIMMIN111111111111111111111111111111111.
MIIIE1111111111111111111111111111111111111111VA
11111111111111M1111111111111111111111111111111111M

IIINIMMINIIIIIIIMIMIIIIIIIIIIMI
1111111111=1111111111111111111111111112111111111
1011111M11111111111111111111M1E11111
MIMIIIIIIMIMIMIIIIIIMIISINIMIIII
1111111111111111111111111111111111101111111111
111111111111111011111111111111M111111111111111
1/jahnel_10111111111MENIMMINI
UMEMPRIMIEMEMEMMIZEIRM
FASMAIREIMillailiiiiainalltilEMIN0 Zo so 00 /00 ITO MO Po Po 000 ZOO 140

WATT., OUTPUT
"0 ZOO 110 940 161 Imo

Fig. 9-Performance of two 838 tubes in a class B audio
amplifier with zero bias.

The 838 tube may be used for class B radio and class C amplifiers.
When the tube is used for class C radio service the bias can be obtained
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Fig. 10-Performance of two 838 tubes in a class B audio
amplifier. with fifteen volts bias.

from a grid leak, thus eliminating the bias problems in case excitation
is lost, because the plate dissipation at zero bias is normal operation for
the tube. Therefore, this tube should be welcomed in radio -frequency
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systems because the problem of bias source is simplified and the

power required to drive the tube is about, equal to the power required

to drive other tubes of similar size.

HIGH BIAS CLASS B AUDIO AMPLIFIERS

The high bias type of class B audio amplifier is quite interesting and
useful in applications where the power requirements permit the use
of an available tube. For such amplifiers, the driver problem is not
nearly as severe because the grids need not be driven into the positive
region. In general, the plate resistance of the high bias, low amplifica-
tion factor tubes increases appreciably during that part of the signal
cycle at which one tube approaches plate current cutoff. As a result of
the increasing instantaneous plate resistance with the usual decrease
in grid control at high negative grid voltages, the tailing -off effect of
the dynamic transfer curve of the low -mu, low plate resistance tubes
is extended beyond the value normally expected. This is especially
true for the small 2A3 and the water-cooled 848 types of tubes. The
extended dynamic plate current for two of these tubes operating in
push-pull results in a comparatively high value of no -signal plate cur-
rent in order that the resultant plate currents will meet the condition
for class B audio amplifier operation as defined above.

In the case of the small 2A3 tube, the no -signal plate current for
300 volts on the plate is very nearly as great for crass B operation of
the tubes as the normal plate current for approximately class A opera-
tion at 250 volts on the plate. At higher plate voltages, the tube is not
very satisfactory for class B audio operation, because the plate dis-
sipation limits the high no -signal plate current needed for low distor-
tion. The maximum class B audio output of two 2A3's is about fifteen
watts.

The 845 type of tube does not have such an extreme tailing -off

characteristic as the other two tubes mentioned, but this characteristic
is present to some extent. The maximum output of two 845's as class
B amplifiers is approximately 100 watts.

The 848 type of tube has a plate current tailing -off effect similar
to the 2A3 and in some respects these two tubes have plate current
characteristics strived for in the zero -bias 838 type of tube except that
the 838 tube operates at essentially zero bias. The maximum output
of two 848 tubes as class B audio amplifiers at approximately 13,000

volts on the plates is about ten killowatts. However, the plate voltage
is limited to a value appreciably below the above value because of the
relatively high no -signal plate current unless a high velocity of water
is used around the plate for cooling purposes. The high velocity of
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water is necessary because the tube has a comparatively coarse meshed
grid for a low amplification factor, resulting in local hissing or boiling
of the water at hot spots. The hot-spotting of the plate is the result of
electrons focusing at points on the plates for high values of grid bias
and plate voltage.

Distortion measurements were made on two 848's as class B audio
amplifiers and the results are plotted in Fig. 11. It will be noted that
the distortion is very low for the comparatively high no -signal current
operation, which is also true for class B operation of the other two
types of low amplification factor tubes mentioned above. However
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the curves shown in .Fig. 11 for low no -signal current operation indi-
cated appreciable distortion because of the long "tail-off" character-istic of the 848 tube. The low distortion from the high bias type of classB audio amplifier when operated at the proper no -signal plate currentis made possible because of the remote cutoff of the plate current, the
relatively low plate resistance as compared to load resistance, and therelatively simple problem of driving the tubes when the grids are notdriven into the positive grid region. However, it must be rememberedthat if maximum output is needed from a particular size tube, the gridmust be driven into the positive region necessitating good regulationof the driver system. Because of the high grid swings necessary forhigh bias class B amplifiers, it is not practicable to drive the high biastubes into the positive grid region and still have low distortion. This
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point is evident from (1) and (2) given above. Approximately 250 watts

can be obtained from the zero -bias 838 tube, which is physically about
the same as the 84.5, and approximately twenty-five kilowatts can be
obtained from the 863 tube, which has the same structure as the 848
except for grid mesh. The bias for the 863 is zero to about -100 volts,
depending upon the plate voltage while the bias for the 84$ is -1200
to -1600 volts, which also depends on the plate voltage.

CLASS B RADIO AMPLIFIER

As indicated at the beginning of this paper, there are certain power
ranges of transmitters in which there is no economical tube comple-

Z0.Ya:5

/MOO

YOLT.Caf RATIO "ROM A'ODUZATIT DR/yre

70 GRIDS Or 563 77.45E5 =
74C2

Xe,*Ct^XC,t*CA

Fig. 12-Essential circuit for driver and output systems for a
recently developed five -kilowatt transmitter.

ment available for high level modulated systems. In such cases, fewer
tubes are needed for a class B radio output system and, of course, the
high power modulation transformer and reactor are not needed. The
possible saving in number of total tubes used, plus the saving of the
cost of modulation transformer and reactor, may more than offset
the disadvantages of the class B radio output system. The class B
radio amplifier need not be unnecessarily critical if the circuit constants
are correctly chosen for a typical circuit as shown in Fig. 12.

According to the definition of a class B amplifier, two tubes in push-
pull will function in the same manner whether the frequency is audio
or radio. At radio frequency, a single tube may be used because the
plate circuit can be tuned to the desired frequency and the tube can
store energy in the tank circuit during one half cycle to be dissipated
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over the complete cycle. Referring to Fig. 12, 863 tubes are shown in
the output system for a transmitter developed for five killowatts out-
put. It will be noted that the tubes are connected in a usual push-pull
fashion except for the fact that the grids are coupled directly to the
condenser part of the modulated class C amplifier tank circuit. The
general discussion of the driver and output systems for the class B
audio amplifier above applies equally well to the class B radio amplifier.
Therefore, it is very desirable to reduce the leakage of the driver system
as much as possible. A low impedance system is obtained by using as
large a ratio of C2 and C3 to C1 and C4 as possible without appreciable
loading by RI. and R2. The resistors RI and R2 are used to suppress para-
sitic oscillations and have a relatively high value of resistance. The
radio -frequency choke coils L2 and L3 are used for grid returns to a bias
supply.

Since the grids of the class B radio tubes are excited from low im-
pedance condensers and low power is supplied to the tank circuit,
L2C1C2C3C4, by the 203A class C amplifier, no regulation problem
is present for any constant radio -frequency voltage applied to the
863's. However, during modulation of the class C amplifier, the power
taken by the class B amplifier grids varies over the audio cycle, so that
the problem of low impedance audio driver system- becomes very
important.

The direct -current value of grid current to the 863's at normal
carrier conditions is usually quite low, because of negative grid current
over a portion of the radio -frequency cycle. The approximate relative
direct grid current curve for the 863's operating under the conditions
as shown in Fig. 12 is shown in Fig. 13 for various instantaneous
values of upward and downward modulation. The change of slope of
this curve at various instances over an audio cycle indicates the vari-
able resistance the driver system must work into. The curve shown is
only approximate because the actual curve depends upon individual
tubes and the load under which the tubes operate. The curve can be
used for the purpose of discussion and in any case, it is obvious that a
high impedance driver system will result in distortion depending upon
the particular shape of the grid current curve such as is shown in
Fig. 13.

The impedance of the driver system over an audio .cycle is the
resulting impedance of the modulator through the class C amplifier,
which in turn is coupled to the class B radio amplifier. The impedance
of the modulated class C amplifier is comparatively low corresponding
to 1000 ohms or less for each of the class C tubes. That is, within
reasonable limits, a change of load resistance on the class C amplifier
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causes the amplifier to draw more plate current with little change in

output voltage. Therefore., since the regulation of the grid voltage

applied to the 863's is a function of the regulation of the audio voltage

applied to the plate, the regulation of the driver system is largely a
function of the regulation of the output of the modulator. Because of

this fact, low impedance 845 tubes were used for modulators and as

explained above, according to (I) and (2), the lowest impedance driver

system can be obtained when the loading resistance is a maximum,

thus permitting a maximum step-down ratio of the modulation trans-
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As a matte': of interest, four tubes were used in the modulated class
C amplifier and the resistors R1 and R2 were decreased to such a value
that two 203A's as modulators were driven to approximately full
power output. The output of the class C amplifier was about 250 watts.
The measured distortion in the output of the 863's under these condi-
tions was appreciably higher than the distortion shown in Fig. 14.
This result was due principally to the fact that the decreased value of
the loading resistance R1 and R2 was not as effective in reducing driver
impedance as the use of the low impedance modulator tubes.

WO 863 TLI8'E5 AS CL555 5 RAD/0 AMALIFIDR.
CARRIER POWLX OUTPLIT.3:58

80 30 40 10 00 70 00 100
PERCENT MODULATION

Fig. 14-Distortion introduced by a recently developed five -kilowatt broadcast transmitter.

The driver system for a fifty -kilowatt class B radio output system
used the same low impedance radio -frequency coupling means as used
for the five -kilowatt system shown in Fig. 12. Because of greater driver
power requirements for the 898 water-cooled tubes for fifty kilowattsoutput, it was found most convenient to replace the high plate resist-
ance 863 tubes in Fig. 12 with low impedance 848 tubes and so biasedthat the tubes operated as nearly as a class A radio amplifier as pos-sible. The output impedance of the 848 driver stage as a class A radio
amplifier can be determined approximately by (1) and (2) and it wasfound that the highest value of loading resistance across the grids of
the 898, connected in the same manner as R1 and R2 in Fig. 12, resultedin the minimum distortion from the 898 class B radio output system.As shown in Fig. 4, if the loading resistance is increased, a decrease indriver impedance is obtained only if the step-down ratio of the cou-
pling condensers to the grids of the 898's is increased. It is interestingto note that under normal operation with a fifty -kilowatt carrier, the
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direct grid current to the S98 tubes was negative, and that the power
dissipated by the parasitic resistors across the grids of the 898's was
approximately 750 watts. The general shape of the direct grid current
at instantaneous values of upward and downward modulation for the
898 tubes was the same as shown in Fig. 13, except that the negative
values over certain grid regions were much greater than shown in this

figure.
The grids of the 848 tubes were not driven into the positive grid

region so that the output impedance of the plate modulated system
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Fig. 15-Distortion introduced by a recently developed fifty -
kilowatt broadcast transmitter.

as shown in Fig. 12 did not have to be as low as was necessary when

863's were being driven. The success with which the 898 tubes were
driven with the low impedance 848 driver system is indicated by the
curve shown in Fig. 15, data for which was taken at normal fifty -

kilowatt carrier output and was the distortion introduced by the entire
transmitter from an audio level of approximately 1.5 volts signal across

500 ohms.
CONCLUSIONS

The theoretical considerations for the driver systems for class B
audio- or radio -frequency amplifiers and the experimental results
which substantiate the accuracy of the theory indicate that a low im-
pedance driver system is very important for low distortion class B
amplifier systems.

Another important consideration for class B amplifiers, especially
for audio systems, is the plate current characteristic of the tube. This
characteristic should be such that the disturbance in the output wave
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near the zero axis of plate current may be as low as possible. Practi-
cally this result can best be obtained by purposely causing the plate
current to tail -off appreciably, which results in appreciable no -signal
plate current. The remote plate current cutoff is particularly helpful
in reducing distortion when high plate resistance tubes are used as
class B audio amplifiers.

The class B amplifier plate load is somewhat critical for maximum
power output and minimum distortion. However, this phase of the
subject has been discussed in other papers and space does not permit
a review of the proper plate load for the class B audio and radio
amplifiers.

If the above factors affecting class B amplifier design are satisfac-
torily solved, class B audio- and radio-frequency amplifiers can be
built for very low distortion output systems with existing tube designs.

>- 61-< <.  
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GENERAL THEORY AND APPLICATION OF DYNAMIC
COUPLING IN POWER TUBE DESIGN'

Climu,Es F. STRONIEYER
(Revelation Patenta Holditm Company, Net% Vork City)

Summary-This paper presents a simplified method of driving rr power tithe

without the need of coupling devices and grid -biasing means. The power sect ion is one

whose useful plate -current versus grid -voltage characteristic is realized only with

positive values of grid voltage. Its low input impedance is in series with the cathode -

ground circuit of the driver tube. This impedance, also, automatically provides a

negative bias for the grid of the driver, thereby eliminating external biasing. Since the

electronic coupling of the two tubes varies with signal excursions, I his method of

amplification is termed "d yna m CO111111.119."

Practical considerations show immediately that the driver must operate into an

impedance which is considerably lower than its own plate impedance. It is shown

that the distortion which is produced when working with such ratios is minimized

partly by making the driver circuit degenerative in order to nullify the varying effect

of the driver's mu. This is treated first with a pure resistive load. When the grid im-

pedance is the load, a further reduction in distortion is shown, for then the ratio of

plate -to -load .impedance remains more nearly constant throughout a signal excursion.

The remaining part of the paper deals with a commercial application of these
principles. Certain design. considerations for a tube embodying both driver and power

sections arc discussed. A current singe phenomenon caused by secondary emission

is discussed and a practical means for its elimination is givell. The delayed point at

which the driver's grid begins drawing current is shown to be particularly advanta-

geous. The tube's electrical and economical advantages are compared with those of

contemporary audio systems.

INTRODUCTION

N THE endeavor to obtain economically relatively high audio
output for radio receivers, methods of driving power tubes have
become popular. By driving is meant the supplying of signal

power to the grid in order to permit signal excursions extending into
the region where the grid is positive. The driver tube is usually coupled

through a step-down transformer to the power tubes. The sudden
changes in the grid impedance of the power tubes, caused by intermit-
tent flow of grid current, reflect such load conditions on the trans-
former as to make it nearly impossible to supply a voltage on the grids,
the wave form of which is an exact replica of that applied to the driver
grid. This is especially true if the ratio of the transformer and size of
the driver tube are consistent with the economical reasons for using

* Decimal classification: R130. Original manuscript received by the In-
stitute, August 27, 1935; revised manuscript received by the Institute, March 17,
1936. Presented before Tenth Annual Convention, Detroit, Mich., July 2, 1935.
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such a system. The harmonic distortion resulting from the discon-
tinuities in the impressed wave include the third and higher harmonics.
The audible effect of these higher order harmonics, even when their
percentages are small, in so-called high fidelity receivers is most un-
pleasant; the notes are not clean cut and there is a background of
buzzing noise. Systems operating as class AB, in which the grid current
does not flow until a fairly high output level is reached, are not free
from this trouble. Since harmonic measurements can be taken readily,
it would be most convenient to have a "yardstick" in terms of per-
centages of individual harmonics for practical classification of ampli-
fiers. To this end, investigations were conducted to correlate the per-
missible distortion which could be tolerated without being objection-
able to the ear, with the quantitative values of the individual har-
monics. Details of the technique used are too lengthy to be related
here, but suffice it to say that wave outputs originating from the simul-
taneous application of two pure notes of different frequencies not har-
monically related were used extensively. This method is very effective
because the resulting spurious frequencies (which appear as sum and
difference terms) caused by the higher order harmonics are so readily
distinguishable. As anticipated, the distortion was discernible even
when the harmonic percentages were incredibly small, providing the
order of the harmonic was high and the predominating modulation
products occurred at frequencies within the sensitive region of the
audible spectrum of the ear. It was then decided to listen to a system
having higher order harmonics the generation of which was not caused
by intermittent operation into grid current. A system was devised in
which the power tubes were operating in their grid -current region
throughout the signal excursions. The higher order harmonics were
caused in this case by slight wavers in the grid -current characteristicof the power tubes. Operating conditions were selected so that the
harmonics were present at nearly all power levels. One essential dif-
ference between the systems, then, is the manner in which the higher
order harmonics make their appearance; in one case they appear ab-
ruptly at some specific power level; while in the other, they are some-what of a residual quantity, being present at nearly all power levels.It was at once evident that some factor had been omitted in deter-mining the "yardstick" because the harmonic percentages could be
several times larger with the new system than that which could be
tolerated when operating intermittently into grid current. Just what
is the missing factor is not yet known. It might be speculated that since
we are dealing with human reactions, this work cannot be correlatedsimply on an electrophysical basis. If the related human equation
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could be stated, the variance in psychological reactions might explain

the audible difference. On the other hand, the measuring tools or the

technique used might be faulty in disclosing the true picture. The in-

vestigations will continue and it is hoped that an adequate theory can

be found which will explain the phenomenon. However, the practical

advantages of the new system are of sufficient interest to warrant the

presentation of the design theory and the commercial applications at

this time.
This paper is now devoted to describing a method of dynamic

coupling of the driver to the power tube, thereby eliminating the usual

coupling transformer. The working range of the power section's plate -

current versus grid -voltage characteristic is attained only with positive

values of grid voltage. This eliminates abrupt changes in the input

impedance of the section. This impedance also establishes an auto-

mn tic negative bias for the driver grid, making external biasing un-

necessary. Unlike other driven systems, push-pull or push -push opera-

tion of the power tubes is not necessary. A single power tube and its
associated driver may operate in combination as a true class A system.

I-- l''Insi'DAMENTAT. THEORY'

Complete understanding of the operation of the system can best

be obtflined by a study of the characteristics of the two individual

tubes whiell comprise the system. First, we shall .consider the power.
tube. Since grid current, is to be present throughout, the operating

cyele, the grid potentinl is limited to the positive region of its plate-

enrrent versus grid -voltage characteristic. Al, zero potential the plate

current, should be a minimum, as remaining current, will be unusable,
and therefore, wasteful. If the amplification factor of a triode is suf-
ficiently increased, this desired characteristic can be obtained. The
tube would have plate characteristics to those in Fig. 1. IL

hould lie noted that the curves are given only for positive values of

grid voltage. A few Vrid-emrnfit, curves are also shown in Fig. 1. Since
deire to operate the triork MS class A, the operating axis tl and the

vorreliponding opI Munn plate load, represented by line MN, nro
found by 111, hod used in determining the same
factor! for negatively 1111,. The operating point will lie at

',rime mem, v:dile of plate current and grid ,,iiitsge, [hilt if Hui

{!rid volluvr ilwrowod aiiel decreased in equal amounts, about. point.

It, the ri,e in HO current Will NpliroNifrilth.ly vq01,1 I,he corretlpifililitig

fan in current. From the inter:!ee flow; of the load line with the ehar-
:.14,6,.li,,,, the /,, einve fully be plotted, let nilOWII in Vig. 2.

The /, curve shown here and it pm, hr detr rinlnerl try
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structing an auxiliary load line on the grid -current curves so as to
reflect the load in the plate circuit. By inspection of Fig. 2, it is appal.-

POWER SECTION

PLATE AND GRID
CHARACTERISTICS

Ec =0

N+ N

Eb

Fig. 1-Typical plate and grid characteristics of the power section.

0

(r)

0
z

0

POWER SECTION

4-

Ic I

+ E c

Fig. 2-Typical power section; It, and I, versus E curves.

ent that over a considerable portion of the lb curve the current re-
sponds linearly with grid voltage. The departure from a straight line .is at the ends, where the curvatures approach equality in variation and
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are opposite in direction. This results in the generation of odd har-
monics with the even harmonics tending to cancel. Calculations of the
distortion could readily be made, but, since it would add little to this
treatment, it is omitted. Turning now to the Ic curve, it will be noted
that its shape is quite different from that of the /6 curve. Although a
certain portion is fairly straight, the slope increases continuously in
one direction. This means that, looking into the tube, the input im-

pedance varies with signal, being relatively high at low grid voltage,
and conversely, low at high grid voltage. In practice, an eight -to -one
ratio at the extremities of the curve is not unusual. In ordet that no
distortion shall he introduced because of this variable input load,
special means must he provided whereby the changing impedance will
have little or no effect upon the impressed wave. A coupling trans-
former and driver tube could hardly satisfy this requirement without,
at least, introducing considerable amplitude distortion, even though
the proportions of the apparatus were ample in size. It should be men-
tioned here that the ratio of average plate -to-grid impedance, obtained
from practical.design data, is roughly twelve to one, and since it is
desirable to keep down the plate impedance, the' grid impedance is
necessarily relatively low. The solution of the problem is direct dy-
namic coupling to the driver such that the varying input impedance
causes no appreciable distortion of the signal supplied by the driver.
In fact, it will he shown that this changing load causes less distortion
than that produced by a constant load of equivalent magnitude.

Our first consideration of the driver, however, is not the changing
load but rather the ratio of the driver's plate impedance to this load.
A driver whose plate impedance is sufficiently low to match the aver-
age grid load will not be considered, since such a design is impracticable
because it would necessitate both excessive physical proportions. and
current, consumption. Consequently, a step-down ratio must be used.
A triode operating into a, step-down load under ordinary circuit opera-
tion is quite hopeless from a distortion consideration, but if the circuit
is made degenerative by placing the load between cathode and ground
rather than between plate and and the signal applied between
grid and ground, the distortion is greatly reduced. Let this load be
represented by a resistor; then, during no input, signals, the direct-
eurrent drop across it produces a negative bias similar to usual self -
biasing. When a 11 itsput, signal is applied, the change in voltage appear-
ing across the resistor is in phase with the signal with respect to ground;
hence, this developed voltage appears in the input circuit, as a sub-
tractive quantity. In other words, the voltage appearing directly across
the grid to cathode at any instant is always equal to the arithmetical
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sum of the input voltage and the voltage across the resistor. The re-
duction in distOrtion due to this degenerative action can be readily ap-
preciated by comparing the curves relating the voltage appearing
across the resistor with the input voltage. The curve A -B in Fig. 3
is for the degenerative circuit and it is much more linear than the
curve C-D which is for the nondegenerative operation. The resistance
load used was approximately one fifth the plate impedance of the
triode. For simplicity, the nondegenerative operation is for the case
in which the input signal is applied directly across grid and cathode.

eg

0.rP 2 WHEN e g =

C A

-eg 0

E b

D /

DRIVER SECTION

E0 vs. e g

CURVE

A -8 DEGENERATIVE CIRCUIT
C - D NON- DEGENERATIVE

e +

Fig. 3-Driver section; E0 versus e, curves with resistive load.

Of course, the result is exactly the same as if the load had been between
plate and B+. Also, the bias voltage necessary to obtain the same
plate current when e, equals zero as was present for curve A-B, has
been purposely omitted from the circuit drawing for further simplifi-
cation. Incidentally, since the nondegenerative circuit is the more sen-
sitive, and, in order to compare the curvature more readily, the slopes
of the two curves were made nearly to coincide by enlarging the input
voltage scale for curve C-D. To express mathematically the degenera-
tive performance in complete form is tedious; however, a few simplified
expressions will aid in appreciating the action. The current in the
nondegenerative circuit (neglecting second and higher order terms) is

rp - R (1)
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whence co, the voltage across R, is

'led?
co = ipR = (2)

rp + R

whereas, in the degenerative circuit, the voltage appearing across R is a

subtractive quantity, looking into the input circuit. The plate current

becomes

0

0

21, -=
geg irR)

7., + R

I p =0.2

DRIVER SECTION

rp A ...V 115 A E0

6 E0 - VOLTS ACROSS RESISTIVE LOAD

=0.2 WHEN A E0
rp

rp

- A E0 0 A E0 +

(3)

Fig. 4-Calculated variation in the plate impedance and amplification factor
of the driver plotted against the change in voltage across a resistive load.

and the voltage eo becomes

Co inR =
pean

r p + R(1 +µ)'
(4)

By comparing (2) and (4), we find the only difference between the two
is the manner in whichµ enters. Obviously, if ,u remained constant
throughout the signal excursion, the distortion would be the same
regardless of the mode of circuit operation. However, the /./ is not a con-
stant; in fact, when R is small compared with rr, the variations in both
/./. and rp are large. This is graphically shown in Fig. 4, whereµ and r,,
are plotted against the change in voltage across the output load. The
AE0 range is equivalent to the Bo range indicated in Fig. 3. These
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curves were taken using the same driver as was used for the previous
curves. Obviously, the distortion in the degenerative circuit is less be-
cause the effect caused by shifting the /.4 term is greatly diminished due
to the (1+y) term in the denominator. Furthermore, when y is made
large compared to unity, the distortion produced by changes in g
asymptotically disappears.

We have seen that by introducing degeneration it is possible to
operate into a step-down load with considerably reduced distortion.
This fact suggests the possibility of using a triode for driving with
its load between cathode and ground. Let us substitute the grid-cath-

0

g
= 0.2 WHEN e g .0

G

-eg 0

Ro
F r H

E0 V5. eg

CURVE

E -F DEGENERATIVE CIRCUIT
G -H NON -DEGENERATIVE

e tr +
Fig. 5-Driver section; Bo versus ep curves with grid impedance load.

ode impedance of the output tube previously described for the resistor,
as shown in Fig. 5. Then the voltage drop across this impedance be-
comes the negative bias for the grid of the input section as did the
voltage across the resistive load in the previous circuit; and, also, it
becomes the positive bias for the output grid. This positive bias es-tablishes the operating axis for the /1, vs. Ec characteristic of the out-put section. In designing, the optimum positive bias and the corre-sponding grid current are determined as previously described. Withthis information, the driver is simply designed so that at a negativebias equal to the selected positive bias the plate current of the driverwill equal the determined grid current. For the sake of direct com-parison, the resistance R used for Fig. 3 was made equivalent to thevalue of the power section's grid -cathode impedance, measured at the
operating axis. (See Fig. 2.)
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The question now arises, how will the voltage appearing across the

grid -cathode impedance vary with respect to the input voltage?

Curve E-F, Fig: 5, shows that this characteristic is very nearly linear.

The curve G-11 is included to show the relation without degeneration,

and the greater curvature is plainly evident. It will be noted that both

curves are considerably straighter than those taken with a resistor
load, Fig. 3, the improvement being more noticeable in the nonde-

generative case.
The reason for this is as follows. The grid impedance is not a simple

fixed value as was the resistor. It is actually a quantity varying as a

function of the voltage appearing across it. This is obvious by inspec-

tion of the I, curve in Fig. 2. Moreover, since the grid current changes

with plate voltage its slope is not independent of the output load. Since

an expression of the grid impedance in terms of the tube's parameters
is irrelevant in showing why the driver produces less distortion with

this variable load than with a constant load, it will be omitted. For

simplicity, the voltage developed by the driver should be examined in

terms of the ratio of the driver's load to its plate impedance. Let this

ratio R/r,,-= K. Then R may be written as Kr,, and this term substituted

for R. For the nondegenerative operation, (2) now becomes

ticgic
Co =

1 K

and for the degenerative circuit, (4) becomes

peK
Co =

1 + K(1 +

(5)

(6)

It is obvious that if K remains constant throughout the entire cycle no
distortion will result in co due to any variations in either the plate or
load impedance. As previously shown by Fig. 4, 7.7, varies consider-

ably; hence the factor K cannot remain constant if a pure resistive
load is used. If the load varies in the correct relation with respect to

r,., a more constant ratio is possible, which results in a reduction in
distortion. This is precisely what happens with the system in question.
The circuit's phase relation is such that both the plate impedance of

the driver and the grid impedance of the output section vary in the
same manner. Both increase and decrease in phase. Consequently, a
nearly constant ratio is maintained throughout the signal excursion.
The writer has chosen the term "dynamic coupling" to describe this
method of coupling.

Returning now to the plate -current versus grid-voltage character-
istic of the output section, it will be remembered that the curve was
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practically linear over the operating range. From the foregoing dis-
cussion of dynamic coupling we have seen that a driver can impress
voltage across the output section's grid impedance which will have a
linear relation with its input voltage. Thus the composite relation
of output plate current to input volts is also linear.

From the foregoing treatment one might conclude that the match-
ing of characteristics is essential to obtain good performance. This is
true with respect to the selection of the characteristics for the com-
posite design. However, the normal variations encountered in modern
tube production have no more detrimental influence than they do with
any ordinary power tube. It should be remembered that the static
voltage appearing on the grids of the tubes is similar to the voltage
across a self -biasing resistor in that variations in resistance or plate
currents tend to be restricted because of the well-known self-biasing
action. Thus current variations from perfectly centered indiiTidual
sections have less effect in the combined system than if the self-biasing
action were not present. With regard to the harmonic generation
caused by variation in matching to the driver, the curves in Figs. 3 and
5 for the degenerative operation readily demonstrate what a wide
variation may be tolerated, for here in one case a pure resistive load
was used and in the other a variable grid impedance. Although there
is a noticeable difference in curvature, it should be realized that this
represents an extreme change in load conditions. In practice, the nor-
mal variations in the grid impedance produce differences which are
negligible compared with changes shown in Fig. 5.

Since the output plate current flows during the 360 electrical de-
grees of the cycle with equal negative, and positive current peaks, the
power supply need not be different from that required for any class A
operation of equivalent drain. The unequal peak currents of the driver
are of such low magnitude compared with the output current that their
effect on the power supply regulation can usually be neglected. Fur-
thermore, the plate efficiency of the system is high because the powertube has no negative grid field and therefore the same plate current
swings can be obtained at much lower plate voltages.

Until now there has been no mention of grid current in the input
circuit. It should be clearly understood that no power is required in the
driver's grid circuit. By no power, it is meant here that no convection
current is flowing between the driver's grid and its cathode; hence the
input impedance is high, limited only by reactive admittance andelectrical leakage. The system may be so designed that the power de-
veloped throughout the entire normal portion of its over-all /b vs. E.characteristic can be realized long before the input grid is swung suf-
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ficiently far to draw current. Then there is no advantage whatever in

driving the grid positive: This unique grid overload characteristic
functions as follows. When ci (the signal input voltage) is zero, Bo
(the voltage across cathode and ground) is the static bias of the tube.
At positive values of ei, Bo rises beyond the established bias at a rate
dependent upon the gain of the driver circuit. By (6) it is seen that the
gain must always be less than unity. So the increase in ei is faster than

the increase in Bo. Eventually, ei will overtake Bo. At this point, the

potential between grid and cathode reverses, with the grid becoming
positive with respect to its cathode. Therefore, the point at which grid
current begins flowing may be expressed as

- (Bo + AE0) ± 6 (7)

where 6 represents the contact potential between grid and cathode.
Since the gain, G, of the circuit is equal to AEo/ci, then ei G may be

substituted for ABo, and clearing, (7) becomes

Bo
+eta

(1 - ± 6
(8)

It is obvious that the higher the gain the more extended the grid over-
load characteristic. In practice, the limiting condition is usually a sig-

nal which is sufficiently great to make the instantaneous voltage on
the power tube plate as low as the voltage across its grid. When this
occurs its grid impedance decreases so rapidly that the driver's gain

actually decreases.

II-COMMERCIAL APPLICATION -6135 TUBE

The remaining part of this paper deals with a commercial applica-
tion of dynamic coupling, the new type 6B5 power tube. This tube
combines both the driver and power section to make a six -prong unit;
the terminals being common heater, output cathode, driver grid, driver
plate, and output plate. Such a tube provides a simplified power out-
put system, one without the need of any biasing means. Justification
of this construction is established by two major points. First, the cost
of the combination tube is less than two single tubes; and second,
since the performance is interdependent upon the functions of each
section, it is logical that the system be treated as a whole rather than as
two individual units. There are several comments regarding the design
of such a tube which are worthy of considerable attention.

In consideration of gain, distortion, and input grid current, the grid
impedance of the output section should be as high as possible and the
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impedance versus grid -voltage curve should descend smoothly and
gradually. Two grids of different diameters but connected together
should be used in the output section' because, by proper distribution
of the mean field, it is possible to obtain a higher mu with a closer ap-
proach to the desired characteristics than can be obtained if only a
single grid is used. Any irregularities in the impedance curve appear
in the wave shape of the driving voltage and hence their effects
are transferred to the output current. Consequently; the smoothness
of the impedance curve is important with respect to distortion.
Slight wavers in the curve produced by a small amount of secondary
grid emission will cause the generation of higher order harmonics.
Consequently, preventive measures should be taken to suppress
secondary emission. Since it is difficult to eliminate completely all
traces of secondary emission, the tube should be designed so that the
slight irregularities occur at or near the quiescent point on the /b vs. Ec
curve as represented by Q in Fig. 2. The resulting higher order har-
monics will, therefore, be present at nearly all power levels rather than
appear abruptly at some particular level.

Another important point is the plate-Current cutoff characteristic
of the driver section. By inspection of Fig. 2 it is seen that if the out-
put plate current is to be moved down to a minimum value corre-
sponding to zero grid, the grid current must likewise go down to its
minimum value. Usually this latter current is relatively small. Now if
the driver has a rounded /1, vs. E, curve at the extreme low current
end, it will not lower the output plate current at the proper rate. Hence
the driver should have a sharp cutoff characteristic.

In the design calculations, a current surge was overlooked. The
surge would start during the cathode heating -up period of the cora:
bination models, and -once started, the output current would rise
rapidly to a very large value. Often the current would become suf-
ficiently great to destroy the tube. If the cathodes were allowed to
reach their normal operating temperature before the plate voltage was
turned on, the surge did not occur. The surge, also, did not occur when
the heater and plate voltage were applied simultaneously, providing the
output cathode reached its operating temperature considerably faster
than the input cathode. Once the surge started, the input plate current
would nearly disappear. To obtain such high output current, the output
grid must be subjected to an abnormally high positive voltage. Obvious-
ly, secondary emission from the output grid was the cause of 'the surge,'
because the only manner in which the input plate current can go nearly
to cutoff is by having high resistance in the input section's cathode-
ground circuit, and this resistance could only be obtained by the sub-
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tractive effect of electrons emitted from the grid. This explanation is
satisfactory but certainly not obvious from an inspection of the grid -
current versus grid -voltage curves of the output section, for they show
no evidence of sufficient secondary emission to reduce the grid current
to zero. However, these curves were taken after the cathode had reached
its operating temperature and are not necessarily indicative of the grid
resistance during the cathode heating period. The rate of emitted
secondary electrons does not always increase proportionately with the
number of electrons leaving the cathode; and there is a saturation limit
of secondary emission for any fixed voltage condition, just as there is
with primary emission. For example, when the cathode is warming up,
the bombarding electrons are comparatively few, and so the secondary
electrons may number as great as or be even greater than the bombard-
ing quantity. By the time the cathode emits copiously, the secondary
emission may have exceeded its saturation limit to the extent that the
secondary current becomes negligible as compared with the primary
current. However, should the positive grid voltage continuously in-
crease during the cathode heating period and thereby increase the
impact force of the bombarding electrons, the  point at which the
secondary emission saturates may never be reached.; then the num-
ber of bombarding electrons cannot appreciably exceed the number of
secondary electrons:Returning now to the combination tube, the volt-
age on the output grid obviously increases as the cathodes warm up
and stability is attained with tubes which do not surge when the
cathodes have reached their operating temperature. The increasing
grid voltage of tubes which do surge, however, grows so rapidly due to
the high grid resistance produced by the secondary emission phe-
nomenon, that the tubes become unstable. The tubes, which were de-
signed to have the output cathode arrive at its operating temperature
considerably faster than the input cathode, do not surge upon normal
heating -up simply because the output cathode passes its critical
emitting value before its grid could obtain an appreciable positive
potential. Unfortunately, the solution to the difficulty was not simply
a heating time differential because the differential could not be made
to maintain its proper relation unless the cathodes were actually cool
each time the tube was turned on. In practice this is not always the
case. For example, the tube might be turned off and then turned on
again before the cathodes had become completely cooled. Naturally
the percentage of time at which the surge would be encountered under
these particular conditions would be indeed very small. Nevertheless,
the possibility of such failures existed. One positive remedy was 'to in-
troduce between the output grid and cathode a protective resistance
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low enough to prevent a voltage developing on the grid that might be
sufficient to cause instability. The value of a satisfactory resistance was
still sufficiently high so that its shunting effect on the dynamic opera-
tion of the tube could be neglected. Since the resistance is truly a pro-
tective device, it was incorporated within the tube. This required the
design of a special miniature resistor. Had it been left to the user to
connect the resistor externally, it is probable that in many applications
where economy is rigidly practiced it would have been omitted. No
doubt, in some applications there would be no detrimental result, but
in others, the surge would ultimately ruin the tube and probably cause
considerable damage to the equipment. As an additional safety factor
for the final design, a heating time differential of two to one was em-
ployed without disturbing the identical operating temperatures of the
two cathodes.

1 2 3
Fig. 6-1. Type 6B5, side -by -side cathode construction, manufactured by

Hygrade Sylvania Corporation. 2. Showing over-all size of the 6B5. 3. Type
6B5, tandem cathode construction, manufactured by Triad Manufacturing
Company and the Ken-Rad Corporation.

The 6B5 tube is now being produced commercially by several
manufacturers. One group' utilizes a tandem arrangement of the ele-
ments. Here the cathodes are of different diameters, with the end of
the smaller telescoped into the larger and separated by a small insulator
bushing. A common heater supplies the cathode power. The physical
proportions of the input section with respect to the output can be seen
from Fig. 6. The diamond -shaped plate was chosen because a particu-
larly concentrated field pattern at the minor axis could be obtained
without appreciable sacrifice in the dissipating area of the plate. The
power grids are also diamond -shaped, the major axis being made so
great that the electronic power absorbed by the grid posts is negligible.
Another manufacturer' uses a construction in which the two sections

1 Triad Manufacturing Company and the Ken-Rad Corporation.
2 Hygrade Sylvania Corporation.
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are mounted side by side, requiring two separate heaters. Again the
special plate and grid design are used. This construction is also shown
in Fig. 6.

The average static plate characteristics for a fixed input plate
voltage are shown in Fig. 7. Naturally, if a different input plate voltage
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is used, a new set is necessary. The region where input grid current is
present is clearly indicated. These curves are useful for calculation pur-
poses. However, not too much reliance should be placed on the ac-
curacy of the curves with high positive grid values. These were taken
by the usual static method, rather than by some instantaneous method,3
which would more accurately represent the true dynamic condition.
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Fig. 8-Single 6I35-Harmonic distortion curves and total
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Unfortunately, the required apparatus was not readily available. The
practical performance is more readily appreciated by inspecting the
dynamic operating results.

The harmonic distortion versus power output for single tube opera-
tion is shown in Fig. 8. The rated power of four watts at slightly under

3 H. N. Kozanowski and I. E. Mouromtseff, PRoc. I.R.E., vol. 21, pp.
1082-1096; August, (1933).
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five per cent total distortion is obtained with a fifteen -volt signal. The
power sensitivity is only a little less than the conventional American
pentode. It should be noted that grid current does not begin flowing
until the signal reaches twenty-five volts. The fourth and fifth har-
monics are present at all levels. Higher harmonics than the fifth were.
far too small to be shown with these curves. As previously explained
in the introduction, the effect of these residual higher order harmonics
upon the actual performance of the tube is much less than it would be if
it were produced by intermittent operation into grid current. Re-
peated listening tests under high fidelity conditions have 'shown no
perceptible difference between 6B5. operation and undriven triodeZ0Z16
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Fig. 9-Single 6B5-Harmonic distortion curves, total plate current, and poweroutput as functions of load impedance with constant input signal.

class A, provided the actual sound-pressure frequency response has been
treated so that both systems are identical in this respect. If no at-
tempt is made to equalize the frequency response, the 6B5 system will
usually be more brilliant; that is, the "highs" are not attenuated to the
same degree as they are in triode performance. This can be anticipated
from the relatively flat power curve in Fig. 9. The input signal for rated
output was held constant and the output load varied over a wide
range. The ratio of the plate impedance to the optimum 7000 -ohm
load is roughly three to one, compared with a modern triode ratio of
three tenths to one, or the typical pentode ratio of fourteen to one.
Therefore, the power does not fall off as rapidly as it does with triode
operation; nor does it rise, as it does with a pentode. This compromise
is advantageous, for when the reflected speaker impedance is varying
with the signal frequency, the passages are not as rapidly lost nor are
they objectionably accentuated. Until quite recently, a step-down ratio
of plate -to -load impedance was considered important for minimizing
transient 'response of the speaker. Recent investigations have shown
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that high -frequency transients caused by center moving modes of the

cone are sufficiently damped even when the core flux is low and the plate
impedance of the power tube is relatively high. High -frequency tran-
sients caused by other modes of vibration are not affected by the elec-
trical load on the voice coil. Low -frequency transients are apparently
not objectionable if the speaker's natural resonant period is one octave
below the speech vowel fundamental. This is usual practice in the de-
sign of large speakers. In midget speakers the natural period is at a
higher frequency, but they are almost invariably employed in small
cabinets where the acoustical- low -frequency attenuation is normally
great. In such applications an apparent sense of low response is ob-
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Fig. 10-Push-pull 6B5-Harmonic distortion and total plate
current curves as functions of power output.

tained by allowing the natural resonance to accentuate the low fre-
quencies. This condition is further supported if the power generated in
the voice 'coil is relatively independent of the normal variations in the
voice coil's impedance. From the foregoing it will be appreciated, that
the flat 6B5 power characteristic offers more latitude in speaker de-.
sign. Fig. 9 also shows the harmonic distortion with the load as the
variable parameter: The only harmonic that increases at any appreci-
able rate with increasing load impedance is the second. The rise in dis-
tortion is, of course, much slower when input signals of smaller magni-.
tude are used.

The tubes can be used in conventional push-pull circuits. Fig.10
shows the performance at supply voltages of 300 and 325. Since the total
distortion values are made up almost entirely of third harmonic, the
individual harmonics have been left out purposely. The output of ten
watts at two per cent distortion for 325 -volt operation exemplifies the
excellent performance. The total plate -current curves show the slow
rate at which the drain increases with power output. Fig. 11 shows the
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push-pull performance with respect to output load for two different
input signals. The optimum load has been selected at, 10,000 ohms
plate to plate rather than twice the rated value for single tube opera-
tion. This is feasible due to the particular order of harmonic distribu-
tion and the flat power curve.
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From the foregoing it is obvious that the 6B5 was expressly de-
signed for general purpo.se work. Should higher plate efficiency be
essential for certain applications, a similar tube could be designed hav-
ing its normal operating axis below the geometric center of its ./b vs. B0
characteristic. The maximum current wave from such a tube would
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Fig. 12-Demonstration of push-pull high plate efficiency operation.

have a pronounced flattening on the negative peak which would limit
the tube's usefulness to push-pull operation where this flattening dis-
appears in the composite wave. The total plate current would rise with
power output, but not at an objectionable rate. No input power would
be required. To indicate this possibility the operating axis of the 6B5
in push-pull was lowered by introducing an ordinary bias resistor with
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suitable by-pass condenser in series with the common cathode lead. The

plate supply was increased to -100 volts but, the bias limited the plate

current sothat the static dissipation per plate was no greater 1,111111 it was

when operating at 325 volts without bias. Fig. 12 shows this perform-

ance. Here a power of twenty watts is obtained at five per cent dis-

tortion and at a high plate efficiency of forty-three per cent. It will be

noted that the total plate current increases about thirty per cent from

no signal to full signal. This is not a great change and the power sup-

plies need not have as excellent regulation as are needed for class B

operation. The same result can be obtained by limiting the plate cur-

rent, by lowering the input plate voltage rather than by the biasing

means. This method is the preferable one because the driver plate
dissipation is somewhat less. In either condition, the input grid does

not draw current until the twenty -watt power level is considerably

exceeded. incidentally, it, should be remembered that the slope of the

output grid impedance curve rather than the plate voltage of the

driver is the important factor with regard to the flow of input grid

current. The 100 -volt curves are used to demonstrate high efficiency

operation. However, it should not be assumed that the 325 maximum
voltage rating is to be exceeded. Of course, when it is necessary to

economize on current drain, as with automobile receivers, advantage
may be taken of the high effieieney operation at low voltage.

A quality possessed by the 613 5 and lacking in taiodes and pentodes

is the ability 1,0 Stand considerable grid overload. When triodes or

loqilodes are fed from high impedance sources, a slight increase in
signal above the value for rated output, produces grid current which
loark the preceding stage. If the colliding circuit, has high resistance,

grid rectification will Also shift, the power tube's operating axis. This
ov(q-Jolid c;iwio.,; severe distortion of the "crimk-up" type which, for most

receivefr, i the taw:tie:11 limit for 111:1Xi11111111 output. The GUS opera-

tion i" Hint grid curryol. doe;; not flow until the signal netnnlly

lo more 11ffiti sixty per cent Above the riling. This does not,
meHit Ord the power warm,. will increwm proportionntely, Ina rather

pf.A Yignfi eNn e %reed the nt I o con:idern He extent before

C:111' lag "Vtar1:-111)." in praPl this: is A decided AdvAntAge As the 6115

''Y'111" "1"Y lie "Per:lied bitdier Avernge level limn min piondly

enter) pentode of Firldf 'y!,10111. Thf. Plircl of the 61i5 11r tlk mir,1011 over-

loNd iony hr liLvilvd lir millowilir nudio riirliwritiorr, this
overlofid ehArficl,ri: lie J,r unit: Ihr prnetien1 employment of resistor
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While the 6B5 tube combines desired qualities of many of the com-
mon types of power tubes, dynamic coupling is by no means limited
to the medium audio power output field. The same principles are ap-
plicable to much larger systems as well as to transmitting tubes for
both audio and radio frequency. Preliminary investigation of oscillator
and frequency doubler applications show promise of certain advan-
tages. No doubt, as more technicians explore the possibilities, many
new uses will be found.
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IONOSPHERE STUDIES DURING PARTIAL SOLAR
ECLIPSE OF FEBRUARY 3, 1935*

BY
S. S. KIRBY, T. R. GILLILAND, AND E. B. JUDSON

(National Bureau of Standards, Washington, D.C.)

StitninarY-Virtual height and critical frequency measurements of the several
regions of the ionosphere were made during the day of the solar eclipse of February 3,
1935, and dUring several days before and after the eclipse day. The eclipse was found
to produce a decrease of the critical frequency of each region. The decrease of critical
frequency was approximately in time phase with the eclipse, thus indicating an
ionizing agency (probably ultraviolet light), originating in. the sun and propagated
at approximately the velocity of light. The decrease of equivalent electron density in
each region during the eclipse was compared with the decrease of the exposed area of
sun's disk, and found to indicate that the ionization of the normal E region was
diminished when the ionizing agency was decreased, by recombination of plus and
minus charges, while the ionization of the F2 region and a high. stratum of the E was
diminished by a. process of attachment of electrons to neutral particles.

INTRODUCTION

REVIOUS to the solar eclipse of August 31, 1932, no quantita-
tive determinations of the ionization densities of the several re-
gions of the ionosphere had been made at the time of an eclipse.

Measurements made by the National Bureau of Standards' and other
North American observers2,3 during this eclipse.indicated that the
main source of ionization of the E and F1 regions was ultraviolet light.
Similar effects for the F2 region were not definitely found. Rose4 re-
ported a thirty per cent decrease in ionization density but was not sure
that he had followed the F2 Critical frequency all of the time. The Na-.
tional Bureau of Standards found a small decrease of ionization density
during this eclipse but the effect found was of approximately the same
magnitude as variations found on some of the control days. The ob-
servations of Kenrick and Pickard' and Mimno and Wang' seem to
apply to the F1 region instead of the F2.

* Decimal classification: R113.61 X R113.55. Original manuscript received by
the Institute, January 29, 1936. Published in the Bur. Stand. Jour. Res., vol. 16,
pp. 213-225; March, (1936). Publication approved by the Director of the Na-
tional Bureau of Standards of the United States Department of Commerce.

1 S. S. Kirby, L. V. Berkner, T. R. Gilliland, and K. A. Norton, Bur. Stand.
Jour. Res., vol. 11, pp. 829-845; December, (1933); PROC, I.R.E., vol. 22, pp.
247-264; February, (1934).

2 J. P. Schafer and W. M. Goodall, Science, vol. 76, pp. 444-446; November
11, (1932).

3 John T. Henderson, Canadian Jour. Res., vol. 8, pp. 1-14; January, (1933).
4 D. C. Rose, Canadian Jour. Res., vol. 8,. pp. 15-28; January, (1933).
5 G. W. Kenrick and G. W. Pickard, PROC. I.R.E., vol. 21, pp. 546-566;

April, (1933).
H. R. Mimno and P. H. Wang, PROC. I.R.E., vol. 21, pp. 529-545; April,

(1933).

1027



1028 Kirby, Gilliland, and Judson: Ionosphere Studies

The 1932 eclipse was total through the Province of Ontario, Canada
and Northeastern United States, where it could easily be observed. At
Washington about ninety per cent of the area of the sun's disk was
obscured. The eclipse occurred during early and midafternoon. The
season, hour of day, and percentage of totality seemed to be favorable
for definite results. Such results were obtained for the E and F1 regions
but not for the F2.

The partial solar eclipse of February 3, 1935, offered an opportunity
for further study of the effects of eclipses on the ionosphere. The hour of
day (late forenoon) seemed favorable but the season and percentage
of totality (thirty-five per cent of area of sun obscured) did not seem
favorable for good results.

The effect of a winter eclipse on the F2 region' was of especial inter-
est. It had been observed for several years by the National Bureau of
Standards7'8 at Washington and the Bell Telephone Laboratories9 at
Deal, New Jersey, that the ionization density of the F2 region was not
a simple function of the intensity of solar radiation. The ionization
densities reached maxima at about sunset in summer and shortly after
noon in winter, the winter day values being higher than the summer
day values." The ionization density followed nearly in phase with the
intensity of received solar radiation during the winter day. Therefore
there was a possibility that the effect of an eclipse in the F2 region
would be more clearly indicated in the winter than in the summer.

The technique and equipment available for the observations in
1935 were considerably better than those available in 1932. The
multifrequency automatic recorded' was available to measure the
virtual heights and critical frequencies for the band 2500 to 4400
kilocycles with a continuous frequency variation. This frequency band
was swept through ten times per hour on the eclipse day and also
the two days before and the two days after. Each sweep through this
band required 4.75 minutes. The records obtained gave the critical
frequencies for the E and Fl regions and during the eclipse three points
for the F2 region. The virtual heights and critical frequencies for the
frequency band from 4500 kilocycles up to the F2 critical frequencies
were determined by manually operated equipment with which the

S. S. Kirby, L. V. Berkner, and D. M. Stuart, PROC. I:R.E., vol. 21, pp.
757-758; June, (1933).

8 5. S. Kirby, L. V. Berkner, and D. M. Stuart, Bur. Stand. Jour. Res., vol.
12, pp. 15-51; January, (1934); PROC. I.R.E., vol. 22, pp. 481-521; April, (1934).

9 J. P. Schafer and W. M. Goodall, Nature, vol. 131, p. 804; June 3, (1933).
10 E. 0. Hulburt has given a reasonable leory for these phenomena. See

E. 0. Hulburt, Phys. Rev., vol. 46, pp. 822-823; November 1, (1934); Terr. Mag.,
vol. 40, pp. 193-200; June, (1935).

T. R. Gilliland, Bur. Stand. Jour. Res., vol. 11, pp. 561-566; October,
1933; PROC. I.R.E., vol. 22, pp. 236-246; February, (1934).
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frequency was varied in stops usually 200 kilocycles. Some manual
observations were also male at frequencies below 2500 kilocycles. The
general method of observation was to increase the frequency of the
pulse transmitter from low values to high and measure the virtual
heights until the critical frequency vas exceeded. This general proce-
dure has been followed at the National Bureau of Standards since
August 1030,12 the technique improving with experience and improve-
ments of equipment. The ionization densities were couranted from
critical frequencies by equation (1) given later.

ExmnimENTAL DATA

The data include critical frequency and virtual height measure-
ments of the several ionized regions of the ionosphere, made by the
methods just described. Fig. 1 shows the photographic records obtained
on the frequency band 2500 to 4400 kilocycles. Scales for virtual heights
and frequencies are indicated in the lower left-hand corner of Fig. 1.
Critical frequencies arc indicated by a more or less sharp rise of virtual
height or a point of inflection. The critical frequency° of a given
ionized region is the lowest frequency which will penetrate that region.
The fE and fp,° arc indicated on these records. In addition to the man-
ual measurements three points of fE2° were obtained with the automatic
recorder near the maximum of the eclipse.

The E region was complex throughout this series of measurements.
It appeared to be stratified. Two or three critical frequencies appeared
much of the time. The values of these critical frequencies varied inde-
pendently, and frequently one critical frequency would disappear or a
new one appear between sweeps of six minutes separation. The two
criticals appearing on February 3, between 1020 and 1112 E.S.T.,
Fig. 4, are examples of this complexity. It was often impossible to fol-
low a particular E critical frequency through a series of records taken
during successive six -minute periods. Some experimenters9 have dis-
tinguished the several stratifications below the F1 region by separate
names. With the conditions existing during the period of these experi-
ments it did not appear that this could be done consistently. For the
reasons given above the multiple E critical frequencies have been
averaged for the four control days.

12 T. R. Gilliland, G. W. Kenrick, and K. A. Norton, Bur. Stand. Jour. Res.,
vol. 7, pp. 1083-1104; December, (1931); Paoc. I.R.E., vol. 20, pp. 286-309;

February, (1932).
13 fE = critical frequency for the E region.

fp1° = critical frequency for the F, region, ordinary ray.
/Fix =critical frequency for the F, region, extraordinary ray.
fF.,° = critical frequency for the F2 region, ordinary ray.
fF:r = critical frequency for the F2 region, extraordinary ray.
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The critical frequencies of the F1 region were single but not sharply
defined. The Poor definition is characteristic of winter fp,. No double
refraction was observed.

Three of the photographic records taken during the eclipse indicate
ffi-2°. On the first of these the record beginning at 1124 E.S.T., fp,' is
indicated at the end of the record 4400 kilocycles. On the record begin-
ning at 1130 E.S.T., fp,' is indicated clearly at 4330 kilocycles. The
time at which this critical frequency was recorded was approximately
1134.5 E.S.T. On the record beginning at 1136 E.S.T. fp2° was again
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Fig. 2-Critical frequency data f'or control days for I!: and Fi regions.

indicated at 4400 kilocycles. These three records indicate the time of
minimum fr2° positively to within six minutes and by interpolation
probably to the nearest minute.

In Fig. 2 tine data are shown for fR and fri° for February 1, 2, 4,
and 5 obtained from the records of Fig. I. No attempt was made in this
figure to distinguish critical frequencies for any individual day.

In Fig. 3 are shown the data for f,2° for the eclipse, day and several
days before and after the eclipse. The data for each day are shown by a
separate graph in this figure. IL will he noted that there was consider-
able variation of critical frequency from day to day. This makes it
somewhat difficult, to compare the results of any given day Oil which a.
special phenomenon such 118 all (!elipHO occurs with the average of sev-
eral normal days because il, is not known for certain what the results
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would have been on the given day had not the special phenomenon
occurred. The Cheltenham Magnetic Observatory of the United States
Coast andGeodetic Survey reported moderate magnetic disturbances
for February 1 and 2. The magnetograms indicated that the disturb-
ance of February 2 was much less severe than that on February 1.
The F2 critical frequencies were much lower on these two days than
on the other control days. Some other data obtained at the National
Bureau of Standards indicate that this correspondence between mag-
netic disturbances and low fF, frequently exists.

Figs. 1, 2, and 3 present the experimental data obtained in this
investigation.
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DISCUSSION OF DATA

Since there was a complexity of critical frequencies in the E region
and the critical values for a given region could not be traced through
with certainty, an average was made of all the points obtained except
a few widely scattered points indicated by + in Fig. 2. These points
were not used in the average simply because they were so widely scat-
tered that they did not seem to belong to the E region. This average,
and the individual critical frequencies obtained on the eclipse day, are
shown in the lower part of Fig. 4. The branch beginning with a critical
frequency of 3160 kilocycles at about 1020 E.S.T. and ending about
1120 E.S.T. by combining with the more normal appearing fE graph is
of special interest although its significance is not clear. The critical fre-
quencies forming this branch can be seen clearly in Fig. 1. Except for
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this branch the fE was less complex on the eclipse day than on the con-
trol days. This figure indicates a decrease of fE during the eclipse.
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The upper part of Fig. 4 shows fFi° for the eclipse day and the aver-
age for the control days. This figure indicates a decrease of fFi° during
the eclipse.
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The fF2° for the eclipse day and the average for the control days are
shown in. Fig. 5. All of the data for the control days shown in. Fig. 3
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were used for the average. This figure shows a pronounced decrease of
1F2° during the eclipse but with a slight phase lag behind the eclipse.
At a height of 250 kilometers the eclipse maximum occurred at 1125
E.S.T. The lowest value of fF2° was observed at 1134.5 E.S.T. (on the
record of Fig. 1 beginning at 1130 E.S.T.). Since this critical frequency
was symmetrically spaced in time with respect to critical frequencies
of 4400 kilocycles obtained six minutes before and after, it seems rea-
sonable to consider that the minimum critical frequency was very
nearly 4330 kilocycles and occurred very nearly at 1134.5 E.S.T. or
9.5 minutes after the maximum of the eclipse.

Immediately before the eclipse, fF2° was nearly normal while after
the eclipse maximum it rose rapidly at first but later ceased to rise
rapidly but reached normal between 1500 to 1600 E.S.T. This effect
might conceivably have been caused by the eclipse but it is more likely
that the normaivalue of fF2° was low during the eclipse day as on Feb-
ruary 1 and 2. During the night following the eclipse fF,x remained be-
low 2500 kilocycles from the hour 2030 E.S.T. to sunrise. This rep-
resents an exceptionally long sustained low value of ionization density
of the F2 region but it has been recorded on other nights. It is not likely
that this effect was caused by the eclipse. The ionization density during
the night preceding the eclipse was also very low.

In the following paragraphs, let N1 equal the ion density on the nor-
mal or control days and N2 the ion density on the eclipse day, and
fi° and 12° the critical frequencies of the ordinary ray on the control
days and eclipse day, respectively. The ratios N2/N1 and (N2/N1)2 will
be compared with the percentage of the sun's disk which was exposed
on the eclipse day.

From familiar theory we may write the following equation express-
ing the relation between critical frequency and equivalent electron
density

N. = 1 . 24(1'0)210-2

where N.= equivalent electrons per cm3 for a given region

and f° = the critical frequency in kilocycles for the ordinary ray for
the same region.

(1)

For heavy ions (1) would have the same form but with a greater nu-
.merical constant.

.

Equation (1) is well known and is obtained directly from the fun-
damental theory of Eccles" and Larmor."

14 W. H., Eccles, Proc. Roy Soc., vol. 87, pp. 79-99; August 13, (1912).
16 Joseph Larmor, Phil. Mag., vol. 48, pp. 1025-1036; December 3, (1924).
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From (1) we obtain

N2 f2°

Ar 1 f1 n

(2)

The values of N2/NI and (1V2/A1)2 for the E region are shown in
Fig. 6. The values of f1° and f2° were taken for each six -minute period
from Figs. 4 and 5 so that allowance has been made for the varying
zenith angle of the sun. The ratios of the exposed area of the sun's disk
on the eclipse day to the total area of the sun's disk are shown in the
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with exposed area of sun's disk. The plus marks = electron density eclipse day
divided by normal electron density for upper branch of E region shown in
Fig. 4.

same figure. It may be seen that the graph for (N2/Ari)2 for the main E
region corresponds closely to the graph showing the percentage of the
exposed area of the sun's disk. The plus marks in this figure represent
values of N2/N1 instead of (N2/AT1)2 for the upper branch of the E
region shown in Fig. 4. These values follow closely the graph showing
the percentage of exposed area of sun's disk. The value measured just
before the eclipse began was assumed to be normal and was used for
NI. From the results shown in this figure it would appear that there
were two different laws of recombination for these two strata of the E
region. The ionization density for the lower E region varied as the
square root of the ionizing energy, while the ionization density of the
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upper branch produced during the first half of the eclipse varied as the
first power of the ionizing energy. The ionizing energy of the sun is
assumed to be proportional to the percentage of the exposed area of
the sun's disk.

Fig. 7 is a reproduction of Fig. 3 of the Kirby, Berkner, Gilliland,
and Nortonl paper as published in PROCEEDINGS with the addition of
a graph of (N2/N1)2 against hour of day obtained from data taken
during the 1932 eclipse. These results indicate that the ionization
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density of the E region was proportional to the square root of the ioniz-
ing energy during the eclipse of August 31, 1932.

The values of N2/N1 and (N2/N1)2 for the F1 region are shown in
Fig. 8 along with the percentage of the exposed area of the sun's disk
on February 3. Neither the graph N2/N1 nor (N2/N1)2 correspond very
closely with the graph showing the percentage of the .exposed area of
the sun's disk on eclipse day. However, the values of (N2/N1)2 agree
much more closely than those for N2/N1. These results indicate that
it was more probable that the ion density of the F1 region was propor-
tional to the square root rather than the first power of the ionizing
energy.

The values of N2/N1 and (N2/N1)2 for the F2 region are shown in
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Fig. 9 along with the percentage of the exposed area of the sun's disk

on February 3. In this case the graph N2/N1 corresponds closely with

the graph showing the percentage of the exposed area of the sun's disk.
This indicates that in the F2 region at the time of this eclipse the ioniza-
tion density was proportional to the first power rather than the square
root of the ionizing energy of the sun.

Pedersen" shows that if there are N- and N+ ions per cm3 that
the rate of recombination is proportional to N2. Furthermore, if I pairs
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of such ions are produced per cm3 each second by some agency such as
ultraviolet light, and I is proportional to the ionizing energy of this
agency, then

dN =I - aN2
dt

(3)

where a is the coefficient of recombination.
However, if the ionization is effectively of one sign such as negative

electrons surrounded chiefly by neutral gas particles, the effect of the
electrons can be effectively destroyed by attachment to these neutral
gas particles. The density and temperature of the gas will be assumed

16 P. 0. Pedersen, "The Propagation of Radio Waves," Chap. V.
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constant. Then the rate at which electrons are lost by attachment is
proportional to N rather than N'. An equation for this condition cor-
responding to (3) may he written as follows:

dAT
=I - 13N (4)

dt

where )3 is the coefficient of attachment.
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For both (3) and (4) dN/dt = 0 at the lowest points of the graphs of
N vs. time. In Figs. 6 and 9 there were very small time differences
between the minimum of exposed area of the disk of the sun and the
minimum ionization densities. Also the graphs of (N2/371)2 vs. time for
the normal E region in Figs. 6 and 7 coincide very closely throughout
the eclipse with the graph of the ratio :

exposed area of sun's disk on eclipse day
vs. time.total area of sun's disk
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The graphs of N2/Ar1 vs. time for the upper branch of the E region in
Fig. 6 and for the F2 region in Fig. 9 coincide very closely throughout
the eclipse with the graph of the exposed area of the sun's disk vs.
time. Therefore we may safely assume that dN/dt was very small in
comparison with either term in the right-hand members of (3) and (4)

or for practical purposes dAT / dt = 0 at any point on the graphs mentioned
in this paragraph for the conditions specified. This is equivalent to
saying that equilibrium and recombination is reached quickly. Similar
conclusions regarding the F1 region at the time of this eclipse can hardly

be drawn.
It now appears that Figs. 6 and 7 indicate that the ionization densi-

ties of the E region obeyed (3) and that N for these regions was pro-
portional to the square root of the ionizing energy. These results indi-
cate the probability that the ionization of the normal E region at the
times of these experiments was made up of plus and minus charges
which recombined with one another when the ionizing energy was de-
creased. This condition could be satisfied with heavy plus and minus
ions or with heavy plus ions and minus electrons.

Also Figs. 6 and 9 indicate that the ionization densities of the region
producing the upper branch of E region shown in Fig. 2, and the F2
region, were proportional to the ionizing energy. These results indicate
the probability that the ionization of these two regions at the times of
these experiments was made up of electrons. Magnetoionic splitting
is positive evidence that the F2 region is electronic. The eclipse evidence
checked this and in addition indicated that the effect of these electrons
was destroyed by attachment to neutral gas particles rather than by
recombination with plus ions.

CONCLUSIONS

The ionization density of the E region was reduced to a minimum
of 0.85 normal by the eclipse of February 3, 1935, during the maximum
of which 0.33 of the area of the sun's disk was covered. The ionization
density of the F1 region was reduced to 0.88 normal by the eclipse at
whose maximum 0.35 of the area of the sun's disk was covered. The
ionization density of the F2 region was reduced to 0.57 normal by the
eclipse at whose maximum 0.36 of the area of the sun's disk was
covered.

There was no measurable time lag of ionization changes after the
eclipse for the E region.

There appeared to be a time lag of ionization changes behind the
eclipse for the F1 region. This lag amounted to about twenty minutes.
This estimate is not very certain because of the absence of sharp critical
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frequencies in the F1 region during the winter. There was a definite lag
of ionization changes after the eclipse for the F2 region. The minimum
ionization density occurred 9.5 minutes after the maximum of the
eclipse.

In the E region the ratios of ionization densities squared on the
eclipse day to the ionization densities squared on normal days was
approximately proportional to the ratio of the exposed area of sun's
disk on eclipse day to the total area. This result taken with the rapid
recombination indicates that the ionization of the normal E region was
probably made up of heavy ions with plus and minus charges or heavy
plus ions and minus electrons and that these were destroyed by a proc-
ess of recombination.

On the eclipse day the changes in a higher stratum of the E region
indicated that the ionization there was electronic.

The nature of the ionization of the F1 region was not very clearly
indicated probably because of poor definition of the F1 critical fre-
quencies during the winter.

In the F2 region the ratios of the first powers of ionization densities
on the eclipse day to those on normal days were approximately pro-
portional to the ratios of the exposed area of the sun's disk on the
eclipse day to the total area. This result is in agreement with (4) and
indicates that the ionization of this region was probably electronic and
that the ionization was diminished chiefly by a process of attachment
to neutral gas particles.
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A NEW ELECTRON TUBE HAVING NEGATIVE RESISTANCE

By
JANUSZ GROSZ KOWSKI

(State Institute of Telecommunications, Warsaw, Poland)

Summary-Thc dynatronic and magnedynatronic systems commonly used
to obtain a negative resistance by means of triodes or tetrodes are characterized by

the fact that the potential of the active electrode (the anode) is not the highest potential
in the system; an electrode (the grid or the screen grid) at a higher potential is neces-

sary in order to take off the secondary emission current from the anode in such a way
that a falling characteristic is produced in the anode circuit.

The present paper deals with a three -electrode tube of such design that the nega-

tive resistance is obtained in the circuit of the electrode possessing the highest po-

tential in the system.

THE NEW TUBE AND THE PRINCIPLE OF ITS ACTION

THE tube here described is a triode with a grid of special form
(that of a venetian blind) as shown in Fig. 1. The electrode sys-
tem is cylindrical: a straight wire filament, a cylindrical anode,

and a grid consisting of a number of ribs inclined at an angle a (with
regard to the radius).'

d

279
279c,
2'fa

27f

Fig. 1

* Decimal classification: R330. Original manuscript received by the In-
stitute, December 5, 1935. Résumé from the paper in Polish, Wiadomoki i
Prace Paxistwowego Instytutu Telekomunikacyjnego, vol. 6, (1935).

1 A grid of similar shape was used by F. B. Haynes (in a triode in which the
electrostatic control was replaced by an electromagnetic one) Physics, vol. 1
p. 192, (1931), and by K. Okabe, J.I.E.E. (Japan), February, (1927).
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The tube (connected with direct voltage sources as shown in Fig. 2)
.is placed in a magnetic field which is parallel to the axis of the electrode
system. With the anode potential ea, grid potential e, and total emis-
sion current i8 constant, the dependence of the anode current in and

Fig. 2

the grid current io upon the magnetic field current ina is given by the
curves in Fig. 3. As seen, the curves is and.i, are not symmetrical with
respect to the axis in,= 0. This is caused by the special form of the grid,
which confers upon the tube different characteristics for the two direc-
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tions of the magnetic field. Under the action of the magnetic field the
electron paths are turned ribwise (sign --1-) or antiribwise (sign -),
according to the magnetic field direction. For both directions there are
critical values of im for which the electrons do not reach the grid:
beyond these values the currents is and i, become zero.
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It is possible to establish the following equations: In the saturation
range ca>>0, c, > 0, the total emission current i3 must be the sum of the
primary grid and anode currents 4' and ia';

= + (1)

The primary current distribution between the anode and the grid
is given by the function F;

.411

-iv' Co

(2)

The secondary emission efficiency of the grid can be defined as the
ratio of the secondary grid current to the primary grid current.;

,'

= (3)

The (resultant) anode current consists of the primary anode current
10' and of the secondary grid current i0", according to the equation

= i' io". (4)

From (1), (2), (3), and (4) we obtain

1'

=- (5)
1 -

If 7 is greater than 1, we can write

= 1

and (5) will be

i =

± 0 > 0) (6)

(7)
1 ± F

The exact expression for the function F is not known; it can be repre-
sented in the form

F k (-eLY (8)
- \ co/ \ eg/

where k is a constant depending on the geometrical shape of the elec-
trodes (k -e.--'1), and m lies between and 1%. Thus, we can write (7):

(9)+ 1.

\ CD/
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Equation (9) is an equation of the falling characteristic
is = f(ea) (10)

If we suppose i eD, k, and # to be constant, the differentiation of
(9) with respect to ea gives the negative resistance of the anode circuit
of the tube deam

P
ch.a km

- 1 ( 42-a -)m12ea. (11)
0i8 ea

Fig. 4 shows the anode-current-anode-voltage (ia - ea) character-
istic at ea, ia, and im constant. In the same figure the grid current-anode
voltage (i,-ea) characteristic is given. We see that the current it, di-

(m.amp
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la

60, 400 600 800 4000 (v) ea.
250

Fig. 4

minishes with increase of ea, passes through zero, and changes sign
(because of the increase of secondary electrons from the grid).

With regard to the magnetic field, its role is to make critical the
influence of the anode voltage ea on the current is". Suppose the elec-
tron path in the proximity of the grid rib is nearly tangent to the rib,
that is, the electron strikes the exterior rib surface at an angle near
zero (Fig. 5). Then a small change of the anode voltage can bend the
electron path in such a way that the electrons do not touch it any
more; the current diminishes and ia' increases. In consequence of
the diminishing of the current is', the current ia" diminishes. If the
secondary emission from the grid is intense (y greater than one), the
anode current ia diminishes also. Thus we can obtain a falling charac-
teristic in the anode circuit.
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THE EQUATIONS OF OPTIMUM OPERATION

We can establish the equations which express the relation between
the dimensions of the electrodes, their potentials, and the magnetic
field strength, in the range of negative resistance. As a basis we assume
that; first, the greatest secondary emission efficiency of the grid occurs

in the case when the electrons strike the grid at an angle near zero;
second, a change of anode voltage causes a deviation of the electron
paths near the grid ribs; third, the secondary emission from the grid
is totally led away to the anode.

Fig. 5 Fig 6.

The discussion relates to the cylindrical electrode system, disre-
garding space charge.

1. The electrons reach the grid tangentially to its ribs.

In order to obtain the relation between the operating conditions
(ea, ea, H) and the constants of the tube (the radius of the grid cylinder

7-9, the angle a, and the radius of the filament rf, Fig. 1), we write a
differential equation of the tangential forces acting on the electron
which moves from the cathode to the anode. In polar co-ordinates
(r, 0) we have

d20 dO dr dr
mr dtdt

+ 2m -
dt di

- --= - 6/1 - (12)
2

where m and e are the mass and the charge of the electron. After the

integration

dO 1 E

7

2 -
2 m

/17.2 + C.
-

For 0-.0, r =0, hence C=0. From (13) we have, therefore,

dO 1 E- -Ii .
dt 2 m

(13)

(13a)
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The law of energy conservation for an electron gives us

udr2 (
2 IA dt) r dti -

If the electron has to reach the grid at the angle a (Fig. 6), there must
be fulfilled the condition'

1 drtan a = - -
r do

Ee . (14)

(15)

Taking. into consideration that e=e0 for r=r,, we obtain from (14)
and (15)

(d0 2
[rg2(tan2 a + -

dt
1 = eec. (16)

Putting (13a) into (16) we find the expression we want,

or,

6.72 e0112

r0\/1 tan2 a

2. The electrons enter the anode field tangentially to the grid ribs.
In order that the path of the electrons which pass from the grid

field into the anode field does not change, this field should be the same
on both sides of the grid as in a tube without grid; thus the potential
equation must be given by

rlog, -
rf

e
ra

loge -
rf

Since e=e, for r = r0, we have, therefore,

r,
log,

rf
ea = ea

ralog, -
rf

(log, =nat. log.)

emu (18)

(19)

(20)
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3. The secondary electrons from the grid have to reach the anode.

On the other hand, the potential difference between the anode and

the grid should be sufficient for the secondary electrons (leaving the

grid with initial velocity very small) to reach the anode.
The equation of the motion of electrons in the grid -anode space we

get from (13), putting there

1 E

C = - Hro2
2 in

since for

0 = 0, r ra.

(21)

Hence,

dO 1 E
r2 Mr2 r02)

dt 2 in

or,
dO 1 E 7.2-7.02

(22)

H
dt 2 in

(23)
r2

The equation of energy conservation is here

m

2

uty, r2( dole
IA dt) dt/

(24)

In extreme cases, when r = ra, a = 0, and therefore

dr

dt
(25)

Putting (25) into (24) we have

m 1 E rat -- ra2[- 11 E(Ca - ea) (26)-
2 m r22

hence,
___

1 E

ea ea = - H2
8 m

or,
1 rat

(27)
ra

rg2 2

ea 112 (28)- eu -
45 ra

(

(e in volts, H in c.g.s. e.m.u., r in cm)
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4. The optimum dimensions of the tube.

By eliminating e, eu, and ii from (18), (20), and (28) we obtain the
expression which gives the most suitable proportion of geometrical di-
mensions of the tube:

r alog, -
ri (2..2 r 2\2p ) 11=
r, ra2r,2 1 -4- tang alog, -
rf

6

5
ticX

4

3

2

X=T-'
i5 2 2,s

Fig. 7

(29)

The expression (29), after transformation, can be written as follows:

tan a =
a

rc

logio -
ra

rg)2

?If

7-, r
ralogin -
ro

1. (30)

(logio =dec. log.)
For values of Vrf between 50 and 200, logib rg/rf varies from 1.7 to 2.3.
Assuming login ra/rfr'2, and denoting ra/rg=x, we write (30) in the
form

tan a

1 2

(x - -x)

login x

The curve tan a =f(x) is shown in Fig. 7.

1. (31)
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6. Experimental results.
One of the experimental tubes had the following data:

r.,=2.50 cm c =2.20 cm
=3.00
= 2.50

tall a = 0 .8
no. of ribs= S

250 400 800

Fig. S

cf = 6 volts
if = 2 amps.
i8r--'70 ma.

The anode and the grid were made of nickel, the cathode of tung-
sten. The tube characteristics are shown in Figs. 3,4, and 8. In the last
figure we have the falling parts of the anode current characteristics for
various magnetic field currents. As seen, it is possible to obtain, by
suitable adjustment of the magnetic field, a minimum negative resist-
ance of the order of 5000 ohms.

In the oscillatory conditions when operating with large anode volt-
age swing on the LCR circuit, a power of several watts could be ob-
tained with this tube.
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BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED

Copies of the publications listed on this page may be obtained without
charge by addressing the publishers.

Westinghouse electronic tubes are described in a catalog issued by the
Westinghouse Lamp Company, Special Products Sales Dept., Bloomfield, N. J.

A general 1936 catalog has been issued by Shure Brothers of 215 W. Huron
St., Chicago, Ill. Data sheet No. 101 covers three models of carbon microphones.

A data booklet on electrical steel sheets has been issued by the American
Steel and Tin Plate Company, Pittsburgh, Pa.

Bulletin 8851 of the Ward Leonard Electric Company, Mt. Vernon, N. Y.,
covers a controlled rectifier to provide control of a direct -current motor from an
alternating -current supply.

Heintz and Kaufman, South San Francisco, Calif., has issued data sheets
on the following tubes: type 354, 150 -watt, general purpose triode; 1554, 750 -
watt, general purpose triode; 3054, 1500 -watt, general purpose triode; 55, 75-
watt, gammatron; 155, 150 -watt, general purpose triode; 255,. 500 -watt, gam -
matron.

Weston Electrical Instrument Corporation at 614 Frelinghuysen Ave.,
Newark, N. J., has issued a leaflet on tube base data connections and charts.
Another leaflet covers its checkmaster broadcast receiver servicing equipment.

Engineering Bulletin CEB 36-7 on pentagrid converter oscillator considera-
tions has been issued by the Ken-Rad Corporation of Owensboro, Ky.

The Insuline Corporation of America, 23 Park P1., New York City, has
issued a leaflet on its sectional standard construction rack.

Catalog No. 36 on radio coils and allied products has been issued by J. W.
Miller Company of 517 S. Main St., Los Angeles, Calif.

Hygrade Sylvania Engineering News Letter No. 24 is on the subject of
"Degeneration in Audio Amplifiers." Technical data sheets have been issued on
the following tubes: 1F6, double diode pentode; 1E7G, double pentode power
amplifier; 1F7G, double diode pentode; 5V4G, full -wave rectifier; 5X4G, full-
wave rectifier; 5Y4G, full -wave rectifier; 6B4G, power amplifier; 6J5G, general
purpose amplifier; 6K5G, high -mu triode; 6K6G, intermediate power pentode
6L6, power amplifier; 6N7, class B power amplifier; 6N7G, class B power ampli-
fier; and 6R7G, double diode medium -mu triode. The issuing organization may be
addressed at Emporium, Pa.

The Ken-Rad Corporation of Owensboro, Ky. has issued an Engineering
Bulletin on "The 6L6 beam power amplifier."

National Union Laboratories, 365 Ogden Street, Newark, N. J., has issued
three engineering reports on capacitance, converter operation, and current regu-
lators.

Galvonometers and dynamometers manufactured by the Leeds and North-
rup Company are covered in their Catalog ED1936 which may be obtained by
addressing them at 4902 Stenton Ave., Philadelphia, Pa.

Earl Webber Company of 1217 Washington Blvd., Chicago, Ill., has issued
a leaflet on its official radio service laboratory.
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BUSINESS or pleasure may
take you along strange roads

and to strange places. But the
lines to home are never broken.
Day and night-north, south,
east and west-you are in touch
by telephone.

The privilege of talking with
almost any one, any time, any-
where is distinctly American.
Service in this country is not
limited to large cities, thickly
populated centers or certain
hours of the day.

Of the 34,000,000 telephones

in the world, more than 50%
are in the United States-con-
nected with the Bell telephone
in your home or office.

This country also leads in the
number of telephones in relation
to population, with 13 for every
hundred people. The average for
Europe is less than three.

Universal service in this coun-
try did not just happen. It has
been made possible by ,..,
the development of t
the Bell System over
the past half -century.

BELL TELEPHONE SYSTEM
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.



DUST...
"THE ENEMY OF
PRECISION"
IS SEALED

OUT OF

°F1F)LEr

FACTORIES

QUALITY in fine instruments is
dependent upon infinite care in
manufacturing. Dust, because of
its minuteness, is truly the enemy
of precision.

In the new Triplett factory dust
is sealed out: the entire manu-
facturing space is airconditioned
and the air is filtered. The tem-
perature - another important
factor in building precision in-
struments-is permanently con-
trolled, both winter and summer.
A truly modern plant, modernly
equipped for producing today's
most modern instruments.

Model 421-4"
Square 0-1 D.C.

Milliammeter

Model 326-3"
Square 0-1 D.C.

Milliammeter

Photos show relativesize of "NEW"
3" square instruments.
Triplett 3" Instruments
now available in all
popular ranges at at-
tractive prices.

Try Triplett Instruments for a
new conception of Quality.

TRIPLETT MANUFAC-
TURES a complete line of all
sizes and styles electrical measur-
ing instruments for radio, elec-
trical and general industrial pur-
poses both standard and custom
built. If you have an electrical
instrument problem, write to
TRIPLETT.

Triplett Electrical Instrument Co. 1 MAIL THIS COUPON
1 217 Harmon Dr., Bluffton, Ohio
I Without obligation please send me

....More information on NEW Square
Instruments.

....New 1936 Catalogue.
Name
Address
City State

RI FLE?"11
PA.echion

ELECTRICAL INSTRUMENTS
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Z!Tbe Inotitute of Rabio engineerz
Incorporated

330 West 42nd Street, New York, N.Y.
APPLICATION FOR ASSOCIATE MEMBERSHIP

(Application forms for other grades of membership are obtainable from the
Institute)

To the Board of Directors
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 profes-
sional, 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 I 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 membership badge.

(Sign with pen)

(Address for mail)

(Date) (City and State)

Sponsors:
(Signature of references not required here)

Mr. Mr.

Address Address

City and State City and State

Mr.

Address

City and State

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 }rears 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 III-ADMISSION AND EXPULSIONS
Sec. 2:    Applicants shall give references to methbers of the Institute as follows:   " for

the grade of Associate, to three Fellows, Members, or Associates;  " Each application for
admission  *  shall embody a full record of the general technical education of the appli-
cant and of his professional career.

ARTICLE IV-ENTRANCE FEE AND DUES
Sec. 1:    Entrance fee for the Associate grade of membership is $3.00 and annual dues

are $6.00.

ENTRANCE FEE SHOULD ACCOMPANY APPLICATION
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(Typewriting preferred in filling in this form) No.

RECORD OF TRAINING AND PROFESSIONAL
EXPERIENCE

Name
(Give full name, last name first)

Present Occupation
(Title and name of concern)

Business Address

Permanent Home Address

Place of Birth Date of Birth Age

Education

Degree
(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 Deferred
Grade Advised of Election This Record Filed
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Less Bulk More Use
WHETHER it be halving the

bulk for crowded assemblies,
or doubling the capacity for better
filtering, the new AEROVOX Midget
Electrolytics are your logical choice.

In metal -can and cardboard -case

* MIDGET
CARDBOARD
ELECTROLYTICS

Smallest yet attained in this type at
no sacrifice in performance and life.
Available in single, dual and triple
section units, all popular capacities,
and 200 and 450 v. working. Handy
for laboratory and experimental
hookups. Popular as general utility
units in servicing AC -DC midget
sets.

types. Offered in many standard ca-
pacities, working voltages, combina-
tions, or made to order to meet your
individual requirements. And re-
member: They are smaller without
sacrificing performance or life.

* MIDGET CAN
ELECTROLYTICS

Popular 1 -in. dia. can electrolytics,
inverted mounting, pigtail leads.
Units half as tall as former 1 -in.
units for same capacity. Or if you
choose same height, new unit pro-
vides twice the former capacity. Unit
illustrated is 8 mfd. 450 v. working.

Write for DATA New general catalog covering complete
line of condensers and resistors, on re-

quest. Meanwhile, please submit those problems for engineering aid and
quotations.

AEROVOX CORPORATION
71 WASHINGTON STREET, BROOKLYN, N. Y.

Sales Offices in All Principal Cities

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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CI O R

RAM

CORNELL-DUBILIER
CONDENSERS

Utilized in every phase of
the electrical and radio en-
gineering field, the prod-
ucts of the Cornell-Dubi-
Her Corporation meet
every requirement for
quality, service and per-
formance. Twenty-six years
of universal acceptance is
proof of leadership.

I N Dusr

0

Whatever, the job, wher-
ever the work, whenever
the need, there are C -D
units for the purpose. In-
vestigate our engineering
aid and service. Catalog
No. 127 to Industrial and
Radio Engineers available
on request.

CORINI!JR:93ILIER
4379 BRONX BOULEVARD NEW YORK

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Change in Mailing Address
or Business Title

Members of the Institute are asked to use this form to notify the
Institute office of a change in their mailing address or the listing of
their company affiliation or title.

The Secretary
THE INSTITUTE OP RADIO ENGINEERS
330 West 42nd Street
New York City

Old Mailing Address

Name
(Print or type)

Street

City and State

New Mailing Address

Street
(Print or type)

City and State

New Affiliation or Title

Title
(Print or type)

Company Name

Company Address

Signature

Date
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ENGINEERING DIRECTORY

QUARTZ CRYSTALS
for Standard or Special

Radio. Frequency Applications

Write for Catalog

BLILEY ELECTRIC CO.
230 Union Station Bldg.

ERIE, PENNA.

Cathode Ray Tubes
and Associated

Equipment For All
Purposes

Write for Complete
Technical Data

ALLEN B. DUMONT
LABORATORIES

UPPER MONTCLAIR, N.J.

PRACTICAL RADIO
ENGINEERING

One year Residence Course
Advanced Home Study Course
Combined Home Study -Residence

Course

Write for details

Capitol Radio Engineering
Institute

Washington, D.C.

MICROPHONE
APPLICATIONS

Our engineering department will
operate, without obligation, in
selection of suitable microphones
standard or special applications.

co -
the
for

SHURE BROTHERS
"Microphone Headquarters"

215 WEST HURON ST. CHICAGO, U.S.A.

Alphabetical Index to Advertisements
A

Aerovox Corporation XIII
American Tel. & Tel. Company IX

C

Central Radio Laboratories
Cornell-Dubilier Corporation

XVIII
XIV

E
Engineering Directory XVI
Erie Resistor Corporation XVII

G

General Radio Company Cover IV

I
Institute of Radio Engineers XI, XII, XV, Cover III

T
Triplett Elec. Inst. Co. X

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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HERB'S TIE SOLUTION To

eller chassis
design

speedier
assemblq

unproved
set operation

insulated

Resistance and tolerance color bands completely en-

circling Erie Insulated Resistors make for instantaneous

identification of resistance value regardless of resistor

position-an aid for speeding up assembly.

The tough ceramic insulating case with stable physical

characteristics gives positive insulation at any location in

the chassis and permits shorter, more direct leads.

And with their uniform operating characteristics and

conservative ratings, Erie Insulated Resistors have been

and are doing a real job in the industry.

ERIE RESISTOR
CAANI4DBON

SUSORSPRPERSESS:S CORPORATION
ERIE, PENNSYLVANIATORONTO LON DON

AUTOMATIC INJECTION
MOLDING

When writing to advertisers mention of the PROCEEDI NGS will be mutually helpful.
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A. Center core of resistance
material is surrounded by a
dense shock -proof ceramic,
providing strength and protec-
tion against humidity.

B.Core and jacket are fired
together at 2500 degrees F. in-
to a single, solid unit, hard and
durable as stone.

C.Pure copper covers the re-
sistor end for wire lead con-
tact. Contact to the resistance
material is at the extreme ends
only, providing uniform resist-
ance and load distribution over
entire length. End contacts do
not short circuit part of resist-
ance as in other types.

British Centralab, Lt.
Canterbury Rd., Kilburn
London N.W. 6, England

Centralab
68.70 Rue Amelot
Paris, France.

the
de C)

of Sturdy
RESISTORS

Since 1930 more than thirty
eight and a half million Cen-
tralab Fixed Resistors have

been sold . . . and more and more set
manufacturers are today specifying
CENTRALAB for sturdy, dependable,
trouble -free resistor performance. Their
use extends throughout the entire spec-
trum of the electronic industry. In every
need for Fixed Resistors . . . specify
Centralab.

CENTRALAB
Division of Globe-Uniop Mfg. Co.

Milwaukee, Wis.

RESISTORS
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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INSTITUTE SUPPLIES

EMBLEMS
Three styles of emblems are available to members of the Insti-
tute only. They are all of 14k gold with gold lettering on an
enameled background, the color of which indicates the grade
of membership. The approximate size of each emblem is as
illustrated.

The lapel button is supplied with a screw back having
jaws which fasten it securely to the coat. The price is
$2.75, postpaid, for any grade.

The pin which is provided with a safety catch may be
obtained for any grade for $3.00, postpaid.

The watch charm is handsomely finished on both sides
and is equipped with a suspension ring for attaching to a
watch chain or fob. Price for any grade, $5.00, postpaid.

BINDERS
Binders are available for those who desire to pro-
tect their copies of the PROCEEDINGS with stiff cov-
ers. Each binder will accommodate the twelve month-
ly issues published during the year. These bind-
ers are of blue Spanish Grain Fabricoid with gold

lettering,
and will
serve either
as tempora-
ry transfers
or as per-
m an e n t
binders.
They are so
constructedthat each
individual
copy of the

PROCEEDINGS will lie flat when the pages are turned. Copies can be removed from
the binder in a few seconds and are not damaged by their insertion. They are
priced at $1.50 each, and the member's name or PROCEEDINGS Volume Number
will be stamped upon the binder in gold for $0.50 additional.

BACK ISSUES OF THE PROCEEDINGS
Complete volumes of back issues of the PROCEEDINGS are available in unbound

form for the years 1918, 1921, 1922, 1923, and 1926 at $6.75 per year (six issues)
to members. Also complete unbound for 1931, 1932, 1933, 1934, and 1935 at
$7.50 per year to members. A list of the available miscellaneous copies published
from 1913 on may be obtained from the Secretary. Single copies published prior
to 1927 are sold to members at $1.13 each, and those issued during and after 1927
are $0.75 each. Foreign postage on single copies is $0.10 per copy, making $0.60

on unbound volumes before 1927.

Issues bound in blue buckram for 1922 (six numbers) are available at $8.75 to
members. For 1930, 1931, and 1935 they are priced at $9.50 each to members.
Foreign postage is $1.00 additional per volume. Volumes for 1922 and 1926 bound
in Morocco leather are available at $10.25 each to members.

TWENTY -TWO-YEAR INDEX
An Index of the PROCEEDINGS for the years 1909-1930, inclusive, is available

at $1.00 per copy. It is extensively cross indexed. The earlier references are to
the PROCEEDINGS of the Wireless Institute; the PROCEEDINGS of the Institute of
Radio Engineers has been published since 1913.

When ordering any of the above, send remittance with order to the Secretary,
Institute of Radio Engineers, 330 West 42nd Street, New York City,



Type 731-A Modulation Monitor

APPROVED BY THE FCC

THE GENERAL RADIO Type 73 I -A Modulation Monitor, after

I tests at the National Bureau of Standards, has been officially

approved by the Federal Communications Commission, Approval

Number 1551.

This instrument is complete with tubes and ready for immediate

operation. Its price is $195.00. Orders are being filled in rotation.

Write for Bulletin I9 -R for a complete description of all of the General Radio

modulation and distortion measuring equipment which meets all the requirements

of the broadcast station engineer.

GENERAL RADIO COMPANY
CAMBRIDGE MASSACHUSETTS

GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONSIN
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