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TENTATIVE PROGRAM OF SIXTH ANNUAL CONVEN
~ TION INSTITUTE OF RADIO, ENGINEERS
CHICAGO, ILLINOIS
JUNE 4, 5, AND 6, 1931

Wednesday—June 3
2:00 P.M:-8:00 P.M! 'Registration.

Thursday— June 4

8:00 A.M:10:00. A.M. 'Registration and. inspection 'of exhibits.

10:00 A.M.-12:00 Noon. | Opening session. Addresses of welcome by Ray H.
' Manson, President of the Institute, and Byron B. Minnium, Chairman of
the Chicago Section and Chairman of,the Convention Committee. These

: addresses will be followed by a technical session,

1711200 Noon-1:30 P.M. Official luncheon. Address by Colonel Isham ‘Ran-
i dolph, President of the Association of Commerce of Chicago.
1:305P.M.-2:00,P.M. - Inspection of exhibits.

2:00' P.M.-5:00 P.M. Trip No. {“to Grigsby-Grunow Company and Stewart-
Warner Corporation. '
2:00 P.M.-3:30 P.M." Technical Session,
2:00. P.M.-3:30 P.M.(: Trip No. 2, Shopping tfip for ladies.
3:30 P.M.-Sﬂﬂo P.M. . Inspection of exhibits.
3:30. P,M.-5:00 P.M.  Trip No. 3. Ladies tea and fashion promenade. :
4:00 P.M.-5:30 P.M., Trip No. 4, American Telephone ‘and Telegraph Com-
pany 'and Illinois Bell Telephone Company: '
4:00 P.M.-5:30 P.M. Trip No. 5. National Broadcasting' Company studios.
8:00 P.M. Lecture on “Modern Conceptions of the Electron” by Professor
A. H. Compton of the University ‘of:Chicago.
.y, 8415 P.M.-11:00 P.M: Theater. party for ladies.
' 9:00,P.M. Inspection of Ryerson Laboératory of the ‘University of /Chicago.

9:00 .P/M. ' Annual meeting of the Committee on Sections’'at the University
© .of Chicago. - ;

vy,
‘Friday—June 5
Y 9:00 A.M.-10:00 A.M. "Inspection of exhibits.
10:00° A.M.-12:00, Noon, * Technical Sessiqgn.
19:00/ A.M.-12:00' ‘Noon.  Trip No. 6. Ladies sight-seeing ‘tour.
s 12:00, Nobn-1:00 'P.M. ‘Inspection of exhibits.
1:00 CP.M;-s:oor P.M: Trip No. 7. Hawthorhe Works of the Western Electric
5 ompany.
'1:30_"‘@5?1\/‘[,:4530 P.M. Trip No. 8. Luncheon ‘and bridge for ladies:
52()0' PiM.—7 1007 P.M. Inspection’ of exhibits.
7:00. P.M. .Banquet, entertainment, and dancing.

Saturday—June. 6 9
9730 '‘A.M.-12:00 Noon. Ttip No. 9. Ladies trip to Art Institute, Field Mu-
) seum, or Aquarium ! -
10:30°,A.M.-12:00 :-Noon. , Technical Session.
12300, Noon-<1:00 P.M. Inspection  of" exhibits.
,1:00 PM., Trip No. 10. Rriverba?k Laboratories.' (Ladiés invited):
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The Institute of Radio Engineers

GENERAL INFORMATION

The PROCEEDINGS of the Institute is published monthly and contains papers and discussions
thereon submitted for publication or for presentation before meetings of the Institute
or its Sections. Payment of the annual dues by a member entitles him to one copy
of each number of the PROCEEDINGS issued during the period of his membership,

Subscription rates to the PROCEEDINGS for the current year are received from nonmembers
at the rate of $1.00 per eopy or $10.00 per year. To foreign countries the rates are
$1.10 per copy or $11.00 per year.

Back issues are available in unbound form for the years 1918, 1920, 1921, 1922, 1928, and
1926 at $9.00 per volume (six issues) or $1.50 per single issue. For the years 1913,
1914, 1915, 1916, 1917, 1919, 1923, 1924, and 1925 miscellaneous copies (incomplete
unbound volumes) can be purchased for $1.50 each; for 1927, 1928, and 1929 at $1.00
each. The Secretary of the Institute should be addressed for a list of these.

Discount of twenty-five per cent is allowed on all unbound volumes or copies to members of
the Institute, libraries, booksellers, and subscription agencies.

Bound volumes -are available as follows: for the years 1922 and 1926 to members of the
Institute, libraries, booksellers, and subscription agencies at $8.75 per volume in blue
buckram binding and $10.25 in morocco leather binding; to all others the prices are
$11.00 and $12.50, respectively. For the year 1929 the bound volume prices are: to
members of the Institute, libraries, booksellers, and subscription agencies, $9.50 in blue
buckram binding; to all others, $12.00. Foreign postage on all bound volumes is one
dollar, and on single copies is ten cents.

The 1931 Year Book, containing general information, the Constitution and By-Laws, Stand-
ards Report, Index to past issues of the PROCEEDINGS, catalog of membership, etc., is
available to members at $1.00; to nonmembers, $1.50.

Contributors to the PROCEEDINGS are referred to the following page for suggestions as to
approved methods of preparing manusecripts for publication in the PROCEEDINGS.

Advertising rates for the PROCEEDINGS will be supplied by the Institute’s Advertising De-
partment, Room 802, 33 West 39th Street, New York, N.Y,

Changes of address to affect a particular issue must be received at the Institute office not
later than the 15th of the month preceding date of issue. That is, a change in mailin
address to be effective with the October issue of the PROCEEDINGS must be receive
by not later than September 15th. Members of the Institute are requested to advise
the Secretary of any change in their business connection or title irrespective of change
in thei(li' mailing address, for the purpose of keeping the Year Book membership catalog
up to date.

The right to reprint portions or abstracts of the papers, discussions, or editorial notes in the
PROOEEDINGS is granied 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 reproduced without making special arrangements with the Institute through
the Secretary.

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.

All correspondence should be addressed to the Institute of Radio Engineers, 33 West 39th
Street, New York, N.Y., U.S.A.

Entered as second class matter at the Post Office at Menasha, Wisconsin.

Acceptance for mailing at special rate of postage provided for in the Act of February 28, 1925,
embodied in paragraph 4, Section 412, P, L. and R. Authorized October 26, 19217,

Published monthly by

THE INSTITUTE OF RADIO ENGINEERS, INC.

Publication office, 450-454 Ahnaip Street, Menasha, Wis. ~
BUSINESS, EDITORIAL, AND ADVERTISING OFFICES,

Harold P. Westman, Secretary
33 West 39th St., New York, N.Y.
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SUGGESTIONS FOR CONTRIBUTORS TO THE
“PROCEEDINGS”

Preparation of Paper

Form—Manuscripts may be submitted by member and nonmember contributors from any
country. To be acceptable for publication, manuscripts should be in English, in final
form for publication, and accompanied by a summary of from 100 to 300 words. Papers
should be typed double space with consecutive numbering of pages. Footnote references
should be consecutively numbered and should appear at the foot of their respective
pages. Each reference should contain author’'s name, title of article, name of journal,
volume, page, month, and year, Generally, the sequence of presentation should be as
follows: statement of problem; review of the subject in which the scope, object, and
conclusions of previous investigations in the same field are covered; main body describing
the apparatus, experiments, theoretical work, and results used in reaching the con-
clusions and their relation to present theory and practice; bibliography. The above
pertains to the usual type of paper. To whatever type & contribution may belong, a close
conformity to the spirit of these suggestions is recommended.

Illustrations—Use only jet black ink on white paper or tracing cloth, Cross-section paper
used for graphs should not have more than four lines per inch. If finer ruled paper is
used, the major division lines should be drawn in with black ink, omitting the finer divi-
sions. In the latter case, only blue-lined paper can be accepted. Photographs must
be very distinct, and must be printed on glossy white paper. Blueprinted illustrations
of any kind cannot be used. All lettering should be 3/16 in. high for an 8 x 10 in.
figure. Legends for figures should be tabulated on a separate sheet, not lettered on
the illustrations.

Mathematics—Fractions should be indicated by a slanting line. Use standard symbols.
Decimals not preceded by whole numbers should be preceded by zero, as 0.016. Equa-
tions may be written in ink with subscript numbers, radicals, etc., in the desired
proportion.

Abbreviations— Write a.c. and d.c. (a-c and d-c as adjectives), kc, uf, uuf, em.f, mh, ph
henries, abscissas, antennas. Refer to figures as Fig. 1, Figs. 8 and 4, and to equations
as (5). Number equations on the right in parentheses.

Summary—The summary should contain a statement of major conclusions reached, since
summaries in many cases constitute the only source of information used in compiling
scientific reference indexes. Abstracts printed in otHer journals, especially foreign,
in most cases consist of summaries from published papers. The summary should explain
as adequately as possible the major conclusions to a nonspecialist in the subject.
The summary should contain from 100 to 300 words, depending on the length of the paper.

Publication of Paper

Disposition—All manuscripts should be addressed to the Institute of Radio Engineers, 83 West
39th Street, New York City. They will be examined by the Committee on Papers and by
the Editor. Awuthors are advised as promptly as possible of the action taken, usually
within one month,

Proofs—Galley proof is sent to the author. Only necessary corrections in typography should
be made. No mew material is to be added. Corrected proofs should be returned promptly
to the Institute of Radio Engineers, 33 West 39th Street, New York City.

Reprintsf—With the galley proof a reprint order form is sent to the author. Orders for
reprints must be forwarded promptly as type is not held after publication.

IT1
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Enfield, Mlddlesex. 8 St. Georges Rd. Forty Hill.

Iall, Yorks “Lynton,” 17 Silverdale Rd

Ilford Esse\{ 351 Wanstead Park Rd......................

London, N.W. 9, 259 The Broadway, West Hendon. .
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.Power, L. T.
.Stewart, J. A

Slyfieid, C. O.
Rice, A. R,
Wigping, W. 8.
Warfield, T. J.
Trapeur, R. E.
Kailus, P. C.
Sanderson, G.
Daweon, F. A.
Work, L. P.
McCartney, M.

.Mask, W. B.
. Perry, J. E.

Taylor, E. H.
Port, C. G.
Swendson, L.
E. {9
Goodberlet, E.
Lubben, A.
TFeldman, N.

.Pierson, I. S.

I(omano, M.AL
Barber, A. W
Burnison, J. W.
Bov, R. F.
Hampton, E. C.
Jacobus, R A.

.Lampey, J J
.Byler, H

Cralft, J.

.Langley, 11. E.
.. Wanng, J. T.

... Bergere, 5.
. Wynne, W. A,

Colvin, R. A.

B Mumma, R.

Peoples, A. G.

.Kilheffer, L. D.
.. Smiley, W. A.
... Bowers, I'. L.
.. Iiggins, H. R
.. Karker, A. S.,
. AKlmgelhoeﬂ’er, l{ H.
.. .Eiler, D. L.
of .Herr, B. R.
.. Heroux, G. A
... Newton, W. W.
.. .Henry, N. E.
...O'Loughlen, B. W.
. .Cruikshank, J. M.
.Creswick, E. A.

Fichter, L.

T W.R.
Gelger, D.G.
Girdler, H. .J.

.. Meclntyre, R. G.

De Barro, F.

.Horne, T

Bate, J. R. T.
Rapson, E. T. A.
Randall, M. C.
Barnard R. M.
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England (cont.)

Guam

Holland
Philippine Islands
Scotland

South Australia

Illinois
New York
Canada
England
Scotland

Applications for Membership

Piccadilly, Manchester, Broadcasting House, British Broad-

casting Corporation. ... ... ......... ... ... ... .. ... Lycett, E. L.
Portsmouth, Hampshire, 34 Mafeking RA. . . Wills, S.
Rugby, 22 Holbrook Ave. . . ....... . ....McDonald, D.
Slough, Bucks, 12 First Crescent, Cloucester Ave, .Stoddart, J. A.
West(llﬁ—on—Sea, 161 Hainault Ave. .. Bradfield, G.

Worksop, Notts, Launt House, Carlton Rd. ... Webster, R.
York, St. Sampson's Square R o . ..Shack_leton S. M.
%gana ... .Sutton, R. E.
Jxmst,erdam, ‘Riouwstraat 3. .. Bruchiss, L.
Cavite, 4 Cisneros St.. Minoza, I. P.

.. Barwise, H.

Glasgow Cathart, 48 hxngsacre Rd..
Maceachern, H.

Glasgow, E.I., 56 "Drumover Dr.

Glasgow, 82, ¢/o Livingstone, 35 Langsxde Rd.. Wilson, T. A.
Greenock, 25 Stront Crescent . .Foster, H. W,
Greenock, 20 Crawford St.. Young, A. D.
Adelaide, 148 Watson Ave,, Toorak. . .Baxter, E. W.

For Election to the Junior grade

Chicago, 1055 N. Leamington Ave.. . ..... ... . .. ... ... . Liebhart, G. R.

Ozone Park, L. I, 86~11 103rd Ave. .. Bulzoni, A. L.
Toronto, Ont 699 Sammon Ave.. ,Cooper, A, 8.
London S.E. 10 185 Trafalgar Rd E. Greenwich .Drinkwater, E. W.
Dumfries, Townhead \Ianse, 14 Mofiat Rd.. .Thomson, I. W §
Gourock, 24 John 8t. . . . .. . Balfour, W.

Kion, Ailsa View, Stewart St. .. Fraser, E. S.
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ArTaUR H. CoMPTON

Dr. Arthur H. Compton, Professor of Physics of the University of Chi-
cago, will deliver a lecture on “Modern Conceptions of the Electron” during
the Sixth Annual Convention of the Institute.

Princeton University granted Professor Compton his Ph.D. degree in 1916.
After acting as an instructor in physics at the University of Minnesota during
the following year, he became a research physicist for the Westinghouse Lamp
Company at Pittsburgh from 1917 to 1919. ‘As a National Research Fellow, he
spent 1919-1920 at the Cavendish Laboratory of Cambridge University in Eng-
land. He then, until 1923, became head of the Physics Department of Washing-
ton University in St. Louls, leaving to become Professor of Physics at the Univer-
sity of Chicago.

Professor Compton is considered the foremost authority on the nature of
X-rays. His major projects have been the determination of the index of refrac-
tion of X-rays, the absolute measurement of wavelength by means of ruled grat-
ings, the discovery of the complete polarization of X-rays, measurement of the
intensity of X-raysreflected from crystals, the theory of the relation ef scattered
X-rays and recoil electrons to the quantum theory, and the discovery of the
changed wavelength of scattered rays.

Dr. Compton is the youngest American to receive the Nobel Prize which was
awarded to him for his investigations in the field of X-rays. He is one of the
three Americans who have received this prize in the field of physies.
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Sixth Annual Convention of the Institute

The Sixth Annual Convention of the Institute will be held in Chi-
cago under the auspices of the Chicago Section. The convention is
scheduled for June 4, 5, and 6 and the program will conform in general
with those of previous Institute conventions. A number of technical
sessions, trips to various radio and manufacturing organizations, and
an exhibition of interest to engineers will comprise the three major
technical portions of the program. For convenience there appears on
the inside front cover of thisissue a summary of the tentative program.

A more complete program is listed below and is subject to minor re-
vision.

W EDNESDAY, JUNE 3
2:00 p.M.~8:00 p.ar Registration

TaUrsDAY, JUNE |
8:00 A M~10:00 A Registration and inspection of exhibits.
10:00 A.M~12:00 Noon  Opening session. Addresses of welcome by Ray H.
Manson, President of the Institute, and Byron B.
Minnium, Chairman of the Chicago Section and
Chairman of the Convention Committee.

Technical Session

“The Spokesman for the Radio Engineer, by Cap-
tain 8. C. Hooper, U. 8. Navy.

“Thyratron,” by J. C. Warner, General Electric Com-
pany.

“Music in Colors,” by E. B. Patterson, RCA Radio-
tron.

“Amplitude, Phase and Frequency Modulation,” by
Hans Roder, General Electric Company.

12:00 Noon—1:30 p.m. Official luncheon. Address by Colonel Isham Ran-
dolph, President of the Association of Commerce of
Chicago.

1:30 p.a—2:00 p.M. Inspection of exhibits.

2:00 r.M.—5:00 P Trip No. 1 to Grigsby-Grunow Company and Stew-

art-Warner Corporation.

2:00 p.M.~3:30 pP.M. Technical session
“Developments in Common Frequency Broadcasting,”
by G. D. Gillett, Bell Telephcne Laboratories.
“On the Use of Field Intensity Measurements for the
Determination of Broadcast Station Coverage,” by ©4
M. Jansky, Jr., and S. L. Bailey.
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Kaufman-Fabry

The Bal Tabarin in which the banquet will be held. The decorations on the walls are due entirely to the use of polychrome

light projected from the central balcony and other vantage points. Scenes are varied continuously and give an excellent example
of the possibilities of painting with light.



2:00 p.M.—-3:30 P.M.
3:30 p.M.—5:00 P.M.
3:30 p.M.—5:00 P.M.
4:00 p.M.~5:30 P.M.

4:00 p.M.—5:30 P.M.
8:00 p.M.
8:15 p.M.—11:00 p.M.

9:00 p.M.

9:00 p.M.

9:00 A.M.~10:00 a.M.
10:00 A.mM.—12:00 Noon

9:00 A.M.~12:00 Noon
12:00 Noon—-1:00 p.m.
1:00 p.M.—5:00 p.M.

1:30 p.M.—4.:30 P.M.
5:00 p.M.—7:00 P.M.
7:00 p.M.

9:30 A.M.~12:00 Noon

10:30 A.m.~12:00 Noon
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«New Method of Frequency Control Employing a
Long Line,” by C. W. Hansell, J. L. Finch and J. W.
Conklin, RCA Communications.

“Low Power High Frequency Aircraft Transmitter,”
by A. P. Bock, Westinghouse Electric and Manufac-
turing Company.

«“Some Observations of the Behavior of Earth Currents
and their Correlation with Magnetic Disturbances and
Radio Transmissions,” by Isabel S. Bemis, American
Telephone and Telegraph Company.

Trip No. 2. Shopping trip for ladies.

Inspection of exhibits.

Trip No. 3. Ladies tea and fashion promenade.
Trip No. 4. American Telephone and Telegraph Com-
pany and Illinois Bell Telephone Company.

Trip No. 5. National Broadcasting Company studios.
Lecture on “Modern Conceptions of the Electron” by
Professor A. H. Compton of the University of Chi-
cago.

Theater party for ladies.

Inspection of Ryerson Laboratory of the University
of Chicago.

Annual meeting of the Committee on Sections at the
University of Chicago.

Fripay, JUNE 5

Inspection of exhibits.

Technical session.

“Technique of Loud Speaker Sound Measurements,”
by Stuart Ballantine, Boonton Research Corporation.
“Acoustic Problems of Sound Picture Engineering,”
by W. A. MacNair, Bell Telephone Laboratories.
“Rochelle Salt Crystals as Electrical Reproducers
and Microphones,” by C. B. Sawyer, Brush Labora-
tories.

“High Audio Output from Relatively Small Tubes,”
by L. E. Barton, RCA Radiotron.

Trip No. 6. Ladies sight-seeing tour.

Inspection of exhibits.

Trip No. 7. Hawthorne Works of the Western Elec-
tric Company.

Trip No. 8. Luncheon and bridge for ladies.
Inspection of exhibits.

Banquet, entertainment, and dancing.

SATURDAY, JUNE 6
Trip No. 9. Ladies trip to Art Institute, Field Mu-
seum, or Aquarium.
Technical session
“Constant Frequency Oscillators,” by F. B. Llewel-
lyn, Bell Telephone Laboratories.
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The Merchandise Mart houses the Chicago studios
of the National Broadcasting Company which will be
visited on Trip No. 5.

A section of the Majestic plant in which power units
are constructed is shown above. This factory will be
visited as a part of Trip No. 1.

e o ";f%w‘

The Stewart-Warner plant on Diversey Parkway
(Trip No. 1) manufactures Stewart-Warner radio
receivers and accessories for automobile use.
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“Electron Tubes as High-Frequency Alternators,” by
E. D. McArthur and E. E. Spitzer, General Electric
Company.

“Development of Directive Transmitting Antennas
for Short-Wave Transmission,” by P. 8. Carter, C.
W. Hansell, and N.Lindenblad, RCA Communications.
“Development of Short-Wave Directive Antennas,”
by E. Bruce and H. T. Friis, Bell Telephone Labora-

tories.

12:00 Noon—-1:00 r.M. Inspection of exhibits.

1:00 p.M. Trip No. 10. Riverbank Laboratories (ladies in-
vited). :

Technical Papers

In so far as is possible all technical papers will be prepared in pre-
print form for distribution at the registration desk upon registration.
Preprints of the papers being presented at a technical session will also
be available at that particular session.

Papers are to be presented in abstract form so that as much time as
possible may be made available for the purpose of discussion. Dele-
gates are requested to study carefully the preprints of the papers which
they intend to discuss so that there shall be as little time wasted as pos-
sible in discussing items that have been covered in the preprint form of
the paper. Because of the limited time available, all technical sessions
will be started promptly on time, and in courtesy to the speakers it is
anticipated that all those who intend being present at these sessions
will be prompt in their attendance. <

Inspection Trips

Because it is improbable that very many radio manufacturing
plants will be in production so early in the season, the inspection trips
are being confined largely to organizations other than those manufac-
turing broadcast radio receivers. In so far as it has been possible, a
program of entertainment for the ladies has been provided which will
keep them suitably occupied during those portions of the program
which are of interest to the men only. Details of the organized trips
which will be a part of the convention program follow.

Thursday, June 4, Trip No. 1

At 2:00 p.m., buses will leave the Hotel Sherman to visit the manu-
facturing plants of the Grigsby-Grunow Company, producers of Ma-
Jestic radio receivers and Majestic refrigerators and the Stewart-War-
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A view of part of Chicago’s sky line showing some
of the larger structures along the lake front. The strip
of 1and in the foreground is a portion of Grant Park.

¥

" Kaujman-Fabry

Buckingham Memorial Fountain is another of the
art objects which are to be found in Grant Park. Dur-
ing the evenings it is illuminated by colored lights.

Kial

STt o

The Ryerson Laboratory is located in the beautiful
structure shown above which is one of the many units

comprising the University of Chicago.
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ner Corporation manufacturers of Stewart-Warner radio receivers and
automobile accessories. At the same time this trip is taken a technical
session will be held.

Trip No. 2

While Trip No. 1 and the technical session are in progress, the ladies
will be taken on a shopping tour through Chicago’s leading stores. Ar-
rangements will be made to comply with the desires of those in attend-
ance, and one has the privilege of shopping individually or in small
groups under competent direction.

Trip No. 3

At 3:30 .M., the ladies will gather for tea at the Marshall Field Tea
Room and following this will attend a fashion promenade arranged
especially for the occasion.

Thursday Evening Lecture

At 8:00 p.M. a lecture will be delivered by Dr. Arthur H. Compton
in the auditorium of the Bernard A. Eckhart Hall of the University of
Chicago. The subject will be “Modern Conceptions of the Electron.”

At the close of this lecture the Ryerson Laboratory, which is de-
voted to the subject of physics, will be open for inspection by those in
attendance.

Theater Party

During the evening while the men are attending Professor Comp-
ton’s lecture, a theater party is scheduled for the ladies. It will be pos-
sible to attend either a musical comedy or a play depending upon the
taste of the individual. The Hotel Sherman is conveniently located
right in the heart of the theater district.

Trip No. 4

At the conclusion of the technical session, a trip will be made to the
long-lines department of the American Telephone and Telegraph Com-
pany. Inspection will be made of the “test room” in which all of the
telephone and telegraph circuits are first terminated and tested regu-
larly to insure satisfactory operation. The telephotographic equip-
ment by which means photographs are transmitted over wires will be
examined while in regular operation. Inspection of the telephone type-
writer service and provisions for the handling of broadcast network
long lines will also be included in the trip. For the benefit of those who
may be interested in the problems of machine switching for telephone
exchanges, the plant of the Illinois Bell Telephone Company which is

I



Kaufman Fabrz/

The Field Museum may be visited by the ladies on
Trip No. 9. Many famous collections of historical in-
terest will be found within this structure.

Kaufman-Fabry

 The Adler Planetarium and Astronomical Museum

is located in Grant Park just east of the Shedd Aqua-
rium and Field Museum.

o aumn—Fbry

The John C. Shedd Aquarium is located in Grant

Park along the lake front. It may be Vls1ted on Trip No.
9 arranged for the ladies.
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adjacent to the structure housing the long-lines department can be
visited. Here one may see the equipment used to transfer a local tele-
phone call from a machine switching exchange to a manually operated
exchange. This is effected by a device known as a call indicator which
flashes illuminated figures of the called subscriber’s number to the
operator who is to handle the call.

Trip No. 5

Coincidental with Trip No. 4, Trip No. 5 to the studios of the
National Broadcasting Company will be made. These are the most
modern and largest studios in the country and are located in the re-
cently completed Merchandise Mart, a structure of enormous propor-
tions which is illustrated elsewhere.

Friday, June 5, Trip No. 6

This trip will be a sight-sceing tour of Chicago and its environs,
covering some forty-five miles in comfortable sight-secing buses. Chi-
cago is located on the western shore of the southern tip of Lake Mich-
igan and extends over a territory of about thirty miles along the lake
and approximately fiftcen miles inland. It boasts of many beautiful
parks among them being Jackson, Grant, and Lincoln Parks which are
all found along the lake front. In Grant Park will be seen the Field
Museum, Art Institute, Shedd Aquarium, Planetarium, Soldiers’ Field,
Buckingham Memorial Fountain, and the Chicago Yacht Club. A zoo,
hotanical gardens, public golf links, lakes and lagoon for boating, and
bathing beach are a part of Lincoln Park.

Trip No. 7

The Hawthorne Works of the Western Electric Company will be
visited on this trip. This manufacturing plant which covers an arca of
two hundred acres has built most of the telephone equipment now in
use in the United States. Of the many interesting operations, the dele-
gate can visit its copper rolling mill, and wire drawing plant as well as
a copper reclamatory which produces secondary metal as pure as new
copper.

Bakelite presses, die casting machines, and many other types of
manufacturing equipment will be seen in operation. This plant pre-
sents examples of straight line production of equipment although it
also produces some six billion parts a year on the vertical system of
manufacture. The plant, is accordingly, not restricted to any one Lype
of production and offers many interesting examples of manufacturing
methods which are applicable to the radio industry.
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Trip No. 8

After the sight-seing tour, the ladies will gather at Maillards
Tower Inn for luncheon and bridge. The Tower Inn islocated in one of
the taller buildings and permits a bird’s eyc view of the city.

Trip No. 9

The schedule for Trip No. 9 will permit the ladies to concentrate on
those points of interest which were covered in a hasty fashion during
the sight-seeing tour on Friday morning. They may visit places of in-
terest to them either singly or in groups as preferred.

A view of some of the presses used in the molding of bakelite

parts for telephone equipment. These are located at the Hawthorne

" Works of the Western Electric Company which will be visited on
Trip No. 7.

Trip No. 10

The Riverbank Laboratories at Geneva, Illinois, will be the objec-
tive of trip No. 10. The entire afternoon will be devoted to this trip as
Geneva is approximately thirty-five miles west of Chicago. The jour-
ney will be made by bus. The ladies are invited to come along and
while the men are visiting the laboratories, they will have tea at an

antique shop which is famous throughout the middle west. The buses
will return to Chicago in time to permit those who are planning upon
entraining to catch the evening trains.
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Exhibition

The mezzanine floor of the Hotel Sherman, the headquarterswfor the
convention, will be devoted to an exhibition of component parts"!em-
ployed in the manufacture of radio receivers, measuring and labora-
tory equipment, and such other items as will be of interest to engineers.
There will be no displays of complete broadcast receivers. The booths
will be in charge of manufacturers’ representatives who are competent
to discuss the products on display from an engineering viewpoint. At
this time of the year when the newly designed receivers are being con-
sidered as production problems, it is anticipated that an exhibition of

The above machine, which is a part of the equipment at the Haw-
thorne Works of the Western Electric Company, is used to exhaust
and seal switchboard lamps. In addition it tests and automatically
rejects any defective units. ~

this type will greatly assist the individual engineer in meeting the prob-
lems with which he is confronted. The possibility of discussing directly
with the manufacturer’s representative the problems involved in plac-
ing a new set in production will undoubtedly be of considerable value.

Luncheon

An official luncheon will be held at noon on Thursday, June 4, and
will be addressed by Colonel Isham Randolph who is president of the
Association of Commerce of the City of Chicago. Colonel Randolph
will welcome the delegates on behalf of the City of Chicago.
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Banquet

The informal banquet, which will be held at 7:00 ».M. on Friday,
June 5, will be in the Bal Tabarin of the Hotel Sherman. The walls of
thisroom are decorated exclusively by means of projected colored lights
and unusually interesting color effects will be a part of the program.

As is customary, the Morris Liebmann Memorial Prize will be pre-
sented during the banquet. It will be awarded this year to Stuart Bal-
lantine. The Institute Medal of Honor will not be awarded during the
convention as the recipient, General Ferrié of France, will be unable to
be present due to the necessity of his attending the Copenhagen meet-
ing of the International Consulting Committee on Radio (C.C.I.R.) at
about the same date.

The grand ballroom of the Hotel Sherman, in which the technical
sessions will be held, is capable of accommodating several hundred
persons and is equipped with a public address system.

In addition to general entertainment,there will be dancing for those
in attendance after the banquet.

Golf
For the benefit of those who may desire to play golf during the
convention or on the Sunday following the convention, arrangements
can be made for obtaining playing privileges at a number of the local
clubs. The desire to play golf should be indicated on the advance
registration card which will be forwarded to all members so that
approximately the proper number of reservations can be made. It
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should be kept in mind that reservations must be made in advance in
order that time may be reserved at any of the golf courses particularly
for Saturday and Sunday.

Radio Manufacturers’ Association

The annual June show of the Radio Manufacturers Association will
be held in Chicago from June 8 to 12 which is the week following the
close of the Institute’s convention. In addition to this well-known
show, which will require no further explanation, meetings of the Na-
tional Federation of Radio Associations and the Radio Wholesalers’
Association will also be held. Arrangements have been made for re-
duced railroad fare on the certificate plan which will permit those in
attendance at the Institute convention to stay over through the follow-
ing week without invalidating their certificates. Further details re-
garding this will be mailed to all members of the Institute.

Committee on Sections Meeting

The Committee on Sections will hold its annual meeting at the
University of Chicago at 9:00 r.at. on Thursday, June 4. This meeting
will be held after the address by Professor Compton. All Sections of
the Institute should be represented at this meeting by an officer or
appointed delegate.

April Meeting of the Board of Direction

The April 1st meeting of the Board of Direction was attended by
Ray H. Manson, president; Melville Eastham, treasurer; L. Espens-
chied, J. V. L. Hogan, H. Houck, C. M. Jansky, Jr., R. H. Marriott,
A.F. Van Dyck, and H. P. Westman, secretary.

J. R. Wilson, C. F. Nelson, and L. A. Hooke were admitted to the
grade of Member, and J. L. A. McLaughlin was transferred to the
Member grade.

One hundred and twelve new Associate, and seven new Junior mem-
bers were elected.

The advertising rates for insertions in the Professional Card Direc-
tory, as published in each issue of the Proceedings, were reduced.
Three consecutive insertions under the name of a member of the Insti-
tute will now cost twelve ($12.00) dollars, and twelve insertions may
be had at the rate of forty ($40.00) dollars. Insertions under the names
of nonmembers of the Institute or organizations will be accepted at
twice the above rates. A single insertion shall be at the rate of eight
($8.00) dollars.

The “Engineers Available” page which is published in each copy
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of the Proceedings will hereafter be known as the “Iimployment” page,
and in addition to carrying advertisements by members of the Insti-
tute who desire positions, the page will be open to organizations de-
siring to hire engineers. The rates for cither type of advertising will be
two ($2.00) dollars per insertion.

The Institute Medal of Honor which was voted to General Ferri¢
of Paris, France, will be presented to him in Copenhagen on or about
the time of the meeting of the International Consulting Committee on
Radio (C.C.I.R.) which is scheduled for late in May, 1931. The Mor-
ris Liebmann Memorial Prize will be awarded to Stuart Ballantine dur-
ing the Sixth Annual Convention.

The continuation of the affiliation of the Rochester Section of the
Institute with the Rochester Engineering Society was considered and
approved.

Radio Transmissions of Standard Frequency, May and June, 1931

The Bureau of Standards announces a new and improved service of
radio standard frequency transmissions. This service may be used by
broadcast and other stations in adjusting their transmitters to exact
frequency, and by the public in calibrating frequency standards and
transmitting and receiving apparatus. The signals are transmitted
from the Bureau’s station, WWV, Washington, D.C. They can be heard
and utilized by stations equipped for continuous-wave reception at
distances up to about 1000 miles from Washington, and some of them at
all points in the United States. This improved service is a step in the
Bureau’s program to provide eventually standard frequencies available
at all times and at every place in the country.

Besides the usual monthly transmissions of specific frequencies, the
Bureau will add another type of transmission which will be much more
accurate than any previous transmissions by the Bureau. This trans-
mission will be by continuous-wave radiotelegraphy on a frequency of
5000 ke, and will consist primarily of a series of very long dashes. The
first five minutes of this transmission will consist of the general call
(CQ de WWYV) and announcement of the frequency. The frequency
and the call letters of the station (WWYV) will be given every ten min-
utes thereafter.

Besides this service, the Bureau will also continue the transmissions
once a month on scheduled specific frequencies. These are also.by con-
tinuous-wave radiotelegraphy. A complete frequency transmission in-
cludes a “general call,” “standard frequency signal,” and “announce-
ments.” The general call is given at the beginning of each 12-minute
period and continues for about 2 minutes. This includes a statement of
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the frequency. The standard frequency signal is a series of very long
dashes with the call letters (WWYV) intervening; this signal continues
for about 4 minutes. The announcements follow, and contain a state-
ment of the frequency being transmitted and of the next frequency to
be transmitted. There is then a 4-minute interval while the transmit-
ting set is adjusted for the next frequency.

Information on how to receive and utilize the signals is given in
Bureau of Standards Letter Circular No. 280, which may be obtained
by applying to the Bureau of Standards, Washington, D.C. KEven
though only a few frequencies are received (or even only a single one),
persons can obtain as complete a frequency meter calibration as desired
by the method of generator harmonics.

The 5000-kilocycle transmissions are from a transmitter of 150
watts power, which may be increased to 1 kilowatt early in the year;
they occur every Tuesday except in those weeks in which the monthly
transmissions are given. The monthly transmissions are from a trans-
mitter of 1/2 to 1 kilowatt power; they are given on the 20th of every
month (with one exception).

5000-Kilocycle Transmissions
1:30 to 3:30, and 8:00 to 10:00, p.M., Fastern Standard Time

May June
5 2
12 9
26 16

30

Monthly Transmissions, Eastern Standard Time

‘ime May 20 « June 22
10:00 r.m. 4000 550
10:12 4400 600
10:24 4800 700
10:36 5200 800
10:48 5800 1000
11:00 6400 1200
11:12 7000 1400

11:24 7600 1500

The frequencies in the 5000-kilocycle transmission are piezo con-
trolled, and are accurate to a few parts in ten million. The freq-
uencies inthe monthly transmissions are manually controlled, and arc
accurate to a few parts in a million.

In November, 1930, field intensity measurements were made of the
5000-kilocycle transmissions from (WWYV) on 150 watts between Wash-
ington and Chicago. The daytime ficld intensity up to a distance of
about 400 miles from Washington was about 100 microvolts per meter,
with fading in the ratio 3 to 1. I'rom this distance to Chicago the field
intensity gradually decreased to about 10 microvolts per meter peak
values with fading the same as above. The evening transmissions had
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a field intensity of about 200 microvolts per meter with fading similar
to that in the daytime. Around 8 p.M. the received intensity was some-
times too low to measure. This happened at distances of from 75 to
150 miles from Washington.

The Bureau of Standards would like to have detailed information on
the reception of the 5000-kilocycle transmission, and will appreciate
receiving reports from any observers on their reception of these trans-
missions. Phenomena of particular interest are approximate field in-
tensity, and fading (whether slow or rapid, and approximate time
between peaks of signal intensity). The Bureau would also like to re-
ceive comments on whether or not the transmissions are satisfactory
for purposes of frequency measurement or control. Reports on the
reception of the transmissions should be addressed to Bureau of Stand-
ards, Washington, D.C.

Committee Work
COMMITTEE ON ADMISSIONS

The regular meeting of the Committee on Admissions was held at
the office of the Institute at 10:00 A.M. on Wednesday, April 1st, C. M.
Jansky, Jr., chairman; I. R. Shute, and J. S. Smith being in attendance.
One of two applications for transfer to the grade of I'cllow was ap-
proved, three of six applications for transfer to the Member grade were
approved, and three of five applications for admission to the Member
grade were approved.

COMMITTEE ON BROADCASTING

A mecting of the Committee on Broadcasting was held at 7 r.M. at
the office of the Institute, Tuesday, March 31, and was attended by C.
M. Jansky, Jr., who acted as chairman in the absence of L. M. Hull;
Raymond Guy, J. V. L. Hogan, C. W. Horn, R. II. Marriott, and 1. L.
Nelson.

CoMMITTEE ON MEMBERSHIP

The regular monthly meeting of the Committee on Membership
was held at the Institute office at 5:30 p.m. on Wednesday, April 1st.
Those present were H. C. Gawler, chairman; Mr. Carr (representing
W. W. Brown), Mr. Dettera (nonmember), M. B. Long, C. R. Rowe,
J. E. Smith, and A. M. Trogner.

STANDARDIZATION
SuBcoMMITTEE ON HIGH-I'REQUENCY RECEIVERS OF THE
TrcaNicaL COMMITTEE oN Rapio Receivirs—I.R.E.

A meeting of the Subcommitte on High-Frequency Receivers,
operating under the Technical Committee on Radio Receivers of the
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Institute, was held at 10:15 a.a. on Thursddy, April 2nd, at the oftice
of the Institute with C. M. Burrill, chairman; H. O. Peterson, F. A
Polkinghorn, 8. It. Spittle, and B. Dudley, secretary, present.

The subcommi{tee carried on its discussion of various matters re-
garding the testing of high-frequency receivers. It is anticipated that it
can complete its work at its next meetiug and submit a report thereon

Tecnnical ComuitTeEE oN Vacttyn TuBes-A.8.A.

The Technical Committee on Vacuum Tubes, operating under the
Sectional Committee on Radio of the American Standards Associa-
tion, met at the office of the Institute at 10:00 A.x. Thursday, March
20th. Those present were J. C. Warner, chairman; N. P. Case H.F
Dart (nonmember), J. B. Dow, A. B. DulMont, ¥. H. Engel, C. W
Hansell, M. J. Kelly, Ernest Kraus, R. K. A, Putnam, B. K. Shack-
elford, Dayton Ulrey, P. T. Weeks, and B. Dudley, secretary

The Committiee reviewed the 1931 Report of the Coramittee on
Standardization of the Institute of Radio Fngineers to determine which
portions of it on the subject of vacuum tubes were suitable for recom-
mendation to the Seetional Committee on Radio as American stand-
ards.

A subcommittee, composed of F. I{. Engel as chairman, A. B. Du
Mont, M. J. Kelly, Ernest Kraus, B. E. Shackelford, and P. T. Weeks,
was appointed to investigate the possibilities of standardizing the over-
all dimensions of vacuum tubes.

Institute Meetings .
ATLANTA SECTION

Chairman Harry F. Dobbs presided at the February 9 meeting of
the Atlanta Section held at the Atlanta Athletic Club.

The Section constitution approved by the Board of Direction was
read and discussed. Upon vote it was unanimously accepted.

The meeting was then turned over to a general discussion on radio
which was participated in by the ten members in attendance.

CHICAGO SECTION

B. B. Minnium, chairman, presided at the February 26 meeting of
the Chicago Section held at the Hotel Sherman.

The paper of the evening on “A High Power Broadecast Trans-
mitter” was presented by H. C. Vance.

The various details of transmitters from 1 to 50 kw showing the
oscillators, power supply, control units, modulation, and amplification
units were given and slides illustrating the various items were pro-
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jected. Circuit details were also covered showing the various safety
interlocking devices with particular emphasis place upon those em-
ployed in the high power transmitters.

The discussion which followed the paper was entered into by
Messrs. Adair, Armstrong, Arnold, Hoag, Minnium, and Wilcox.

The attendance at the meeting {otaled cighty.

The March 27th meeting of the Chicago Scction was held in the
Engineering Building, Byron 3. Minnium, chairman, presiding.

C. P. Beath of the Western Illectric Company presented an il-
lustrated paper on “Wire Drawing.” The discussion which followed the
presentation of the paper was entered into by Messrs. Armstrong,
Minnium, Norris, and Stone. Sixty-four members and guests were in
attendance.

CINCINNATI SECTION

The seventeenth meeting of the Cincinnati Scetion, held at the
Chamber of Commerce on March 17, was presided over by H. J. Loftis,
vice chairman.

The paper of the evening on “Sensitivity Controls—Manual and
Automatic” was presented by D. D. Isracl, chief development engineer
of the Crosley Radio Corporation.

The speaker stated modern broadcast conditions require that
the sensitivity control of a receiver be capable of introducing a total
attenuation of approximately 160 db. The various problems encoun-
tered in the design of manual sensitivity controls were briefly reviewed
and the more common methods as used with both triodes and tetrodes
were described. Eight methods of automatic sensitivity control were
also discussed with regard to the mode of operation and characteristics
of each type. The characteristics of an arbitrarily chosen ideal auto-
matic sensitivity control were compared with those displayed by a com-
mon type of manual control. The probable part to be played by the
variable-mu or extended cut-off tubesin volume control design was also
considered. The paper was illustrated by a number of slides.

The discussion which was held was participated in by Messrs.
Boyle, Glover, Kilgour, Langley, and Nichols of the forty-three mem-
bers and guests in attendance.

CLEVELAND SECTION

G. B. Herman, chairman of the Cleveland Section, presided at the
February 27 meeting held at the Case School of Applied Science.

The speaker of the evening, C. B. Sawyer of the Brush Laboratories
presented a paper on “The Use of Rochelle Salt Crystals for Electrical
Reproducers and Microphones.”
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Dr. Sawyer presented the history of piezo-electricity going back to
its discovery over a century ago.

In discussing the use of Rochelle crystals for piezo-electric purposes,
it was pointed out that only clear crystals were suitable as they avoid
rapid deterioration. A condition of saturation is possible in Rochelle
crystals which is not true of quartz, and ways and means of avoiding
saturation were explained.

The impedance of a typical Rochelle salt crystal loud speaker was
given as 133,000 ohms at sixty cycles and 20,000 ohms at 500 cycles.
It was stated that clear Rochelle salt crystals were nonhygroscopic and
do not fail from fatigue. A sample crystal was subjected to 250 volts at
60 cycles for more than two years without failure.

Rochelle salt loud speakers, microphones, and phonograph pick-ups
were demonstrated.

The attendance at the meeting totaled fort} -eight.

CONNECTICUT VALLEY SECTION

The March meeting of the Connecticut Valley Section was held on
the 12th of the month at the Hotel Charles in Springfield, Massachu-
setts, R. 8. Kruse, chairman, presiding.

The paper on “Light Sensitive Devices” was presented by G. F.
Metcalf of the Vacuum Tube Engineering Department, General Elec-
tric Company.

The paper covered the general subject of light sensitive devices
with particular reference to the characteristics of the various types
of photo-electric cells. Some commercial applications were discussed
and two types of portable apparatus set-ups were demonstrated. Sev-
eral different forms of photo-electric tubes were available for examina-
tion. A number of the sixty-two members and guests in attendance parti-
cipated in the discussion which followed the presentation of the paper.

”

DeTrOIT SECTION

A joint meeting of the Detroit Section of the Institute of Radio
Engineers and the Detroit-Ann Arbor Section of the American Insti-
tute of Electrical Engineers, was held in the Natural Science Audi-
torium, University of Michigan, on March 17th. Le Roy Braisted,
Chairman of the Detroit-Ann Arbor Section of the A.I.E.E. presided.

The Chairman introduced John Bellamy Taylor, consulting en-
gineer of the General Flectric Company who gave an illustrated talk
entitled “The Sound of a Shadow” which was enjoyed by the seven
hundred and fifty members and guestsin attendance. Preceding the
meeting, a dinner at the University of Michigan Union was attended
by one hundred and twenty-five members and guests.
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Los ANGELES SECTION

T. E. Nikirk, chairman of the Los Angeles Section, presided at the
February 16 meeting of that Section held at the Rosslyn Hotel.

The paper of the evening on “Fundamental Requirements for Wide
Band Transmission” was presented by John K. Hilliard, a research
engineer of the United Artists Studios in Hollywood.

The paper was discussed by a number of the seventy-five members
and guests in attendance at the meeting. The dinner which preceded
the meeting was attended by thirty members and guests.

The March 16 meeting of the Los Angeles Section was held at the
Rosslyn Hotel, chairman T. E. Nikirk presiding.

A paper on “Transoceanic Radiotelephony” was presented by H. C.
Silent of the Electrical Research Products, Inc.

A film prepared by the American Telephone and Telegraph Com-
pany on the subject of transoceanic telephony was projected and was
followed by the speaker who discussed the technical details of the work.

The talk was further illustrated by slides.

A number of the sixty-five members and guests in attendance
entered into the discussion which followed.

Prior to the meeting, an informal dinner was attended by twenty-
five of those present.

New York MEETING

The regular April New York meeting of the Institute was held on
the 1st in the Engineering Societies Building, 33 West 39th Street,
New York City. The meeting was called to order by President
Manson who introduced the speaker of the evening, Eduard Karplus,
who presented a paper on “‘Communication with Quasi Optical Waves”,
which is summarized below.

“This paper deals with electromagnetic waves of about 1/1000 milli-
meter up to 10 meters, which are called quasi optical waves due to their
performance being very similar to the performance of visual light.

“Theory and experiments show that only a very small part of the quasi
optical range can be used for communication; that is, waves between 10
centimeters and 10 meters, and again 0.7 to 2.4 thousandths of a millimeter.

“Some of the characteristics of these high frequencies are straight-line
propagation, the possibility to concentrate energy, and the apparent lack
of all disturbances either atmospheric or man-made. On the other hand,
the problems encountered in generating and detecting these high frequencies
are rather complicated.

“The paper deals with advantages and disadvantages of these waves
and discusses their application. Some of the applications are: Short-distance
communication between portable stations; equipment for fog navigation of



Institute News and Radio Notes 717

ships and airplanes; communication lines for high modulating frequencies
such as television; concealed communication for military purposes; and as
one of the most important, short-wave broadcasting in big cities. The re-
sults obtained in recent tests in Berlin are considered.

“The possibilities for transmitters and receivers are discussed. In the
first group are the tube oscillators with straight regenerative circuits, Bark-
hausen oscillators, spark oscillators, and the radiation of heat and infra-red
from solid particles and electrically excited gases. In the second group are
detectors, regenerative and superregenerative circuits, and photo-electric
cells.

“Finally, some problems of the tube oscillators and receivers for 10-
centimeter to 10-meter wavesare discussed somewhatin detail, and examples
of transmitters, including Barkhausen oscillators, recelvers, and wave-
meters are demonstrated in operation.”

A lengthy discussion followed the presentation of the paper and
was participated in by a number of the five hundred and twenty-five
members and guests in attendance.

PHILADELPHIA SECTION

The March meeting of the Philadelphia Section was held on the
11th of the month at the Engineers Club, D. O. Whelan, vice chair-
man, presiding.

The paper of the evening was presented by J. W. Horton, chief en-
gineer of the General Radio Company, who spoke on “What to Ex-
pect of Television.”

The lecture proved of great popular interest and at the open forum,
conducted at its close, brought forth a minute discussion of the points
raised.

Two hundred and seventy-three members and guests were in at-
tendance.

PITTSBURGH SECTION

The March 24th meeting of the Pittsburgh Section was held in the
Tudor Room of the Fort Pitt Hotel, L. A. Terven, chairman, presiding.

The paper of the evening on “Radio Service Instruments—Design
and Operation” was presented by L. D. Smith of the Weston Elec-
trical Instrument Corporation.

The speaker discussed the construction and operation of various
test equipment designed for use with radio receivers and other com-
ponent parts. The copper-oxide rectifier type of meter was explained
and its various adaptations to radio testing and measurement work
were covered.

A number of the fifty members and guests present entered into the
general discussion which followed the presentation of the paper.
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Rocursrer Seorion

A paper by Iidwin H. Vedder, a design engineer for the Westing-
house Tlectric and Manufacturing Company at Kast Pittsburgh, Pa.,
on “Applications of the Light Sensitive Tube in Industry” was present-
ed at the March 5 meeting of the Rochester Section. The meeting was
presided over by H. J. Klumb and held at the Sagamore Hotel.

The speaker outlined briefly the possibilities of using vacuum tubes
for various operations which are now being provided for by mechanical
means. It was said that while it was possible in practically all cases to
apply tubes to accomplish the work now done mechanically, the eco-
nomics of each application was the principal matter to be considered.
There are undoubtedly many uses to which the tube may be applied
and it is the problem of the engineer to determine upon these applica-
tions and design tubes suitable for them.

The conventional type of photo-electric cell, its construction and
characteristics were described and a diagrammatic circuit for the cell
given. The grid glow tube was discussed and its use and the manner in
which it differed from the photo to be were considered.

At the close of the paper, which was illustrated with numerous
slides and several working models, a very lively discussion, which was
entered into by many of the one hundred and eighty-five members
and guestsin attendance, ensued.

SAN I'raNcIsco SkcTioN

A meeting of the San I'rancisco Section was held at the Bellevue
Hotel on March 18, W. D. Kellogg, chairman, presiding.

The paper of the evening which was presented by Ralph R. Beal was
on the subject “Radio Communications.”
- The author discussed the effect of radio communication on the
national welfare, showing how our communication systems have
opened up foreign trade. To illustrate some of the radio communica-
tion equipment, slides were projected to show portions of the apparatus
installed by RCA Communications at their Bolinas and San Francisco
stations.

The meeting was attended by seventy-one members and guests
of whom forty-eight attended the informal dinner which preceded it.

SEATTLE SECTION

A meeting of the Seattle Section of the Institute was held on March
26th, at Guggenheim Hall, University of Washington, Abner R. Will-
son, chairman, presiding.
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The paper of the evening on “The Development and Operation of
Teletypewriter Systems” was presented by G. A. Miller.

The illustrated paper covered the development and operation of
teletypewriter systems (the automatic printing telegraph) from the
early telegraph systems to the present multiplex system. The type of
driving motor with its torque control fly wheel, phasing, and synchro-
nizing devices were outstanding points of interest.

Messrs. Fish, Pinkman, and Reid entered into the discussion. The
attendance totaled forty-seven.

TORONTO SECTION

J. M. Leslie, chairman, presided at the February 18 meeting of the
Toronto Section held in the Mining Building of the University of
Toronto.

The speaker of the evening, D. E. Replogle, of the Jenkins Televi-
sion Corporation presented a paper on “Television—How and When.”

The speaker traced the early developments of television back to the
work of Malus who discovered light polarization effects in 1808, the
further work on this subject by Faraday around 1845, the discovery
of the Kerr cell in 1875, and the Nipkow scanning disk in 1884.

Recent developments not only in the technical advances but in the
establishment of regular television broadcasts were then covered.

Other problems were pointed out as requiring further development
work. They included the necessity for phototubes of higher sensitivity
having no lag or frequency restriction, more and higher power radio
stations, suppression of sky wave to eliminated fading effects, rigorous
economy of the channels available, better light sources and improved
scanning methods and methods of synchronization which should be of
an automatic nature. It was pointed out that the synchronization of
sound with television broadeast should do a great deal in increasing in-
terest.

The paper was discussed by Messrs, V. G. Smith, W. A. Shane, and
. J. T'ox. The attendance at the mecting totaled one hundred and
fifty.

The March meeting of the Toronto Scetion was held on the 11th
in the Klectrical Building of the University of Toronto, J. M. Leslie,
chairman, presiding. Kendall Clough, chief engineer of the Silver Mar-
shall Company, presented a paper on “Superheterodyne Design.”

The author in reviewing the past history of the superheterodyne
type of receiver pointed out that in many of the earlier {ypes, repeat
points, phantom stations, image effects, and selectivity made reception
unenjoyable. Due to the intensive development during the past few
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years great headway has been made particularly on preselection, fre-
quency conversion, single control operation, improved selectivity
characteristics, and, by the use of screen-grid tubes, greater stability
with higher amplification.

The problem of making the oscillator track with the balance of the
circuit over the broadcast band was discussed and a mathematical
method of properly designing the circuits was described together with
laboratory methods of checking the results by means of a dynatron
oscillator.

In the discussion which followed the problems of preventing ra-
diation from the superheterodyne receiver was emphasized.

Some of the other problems made in the design, production and
servicing of this type of receiver were considered.

The discussion was entered into by Messrs. F. J. Fox, J. M. Leslie,
and C. A. Lowry of the one hundred and thirty-seven members and
guestsin attendance.

WASHINGTON SECTION

L. P. Wheeler, chairman of the Washington Section, presided at the
February 12th meeting which was held at the Continental Hotel in
Washington.

The paper of the evening on “The Radio Engineer and the Patent
System” was presented by C. D. Backus, Primary Examiner in the
U. S. Patent Office.

The speaker outlined the reason for the existence and the statutory
origin of the patent system with special reference to the distinction
between matter that may and may not be patented. The nature of the
protection afforded a patentee was explained and emphasis laid on what
constitutes an invention, because it is on this as a basis that the activ-
ity of the radio engineer in the patent field is to be measured.

The time period limits and wide scope of the subject matter of radio
engineering were discussed and a basis indicated on which the work in
this line is selectable from that in other electrical engineering lines.
This work was stated also in terms of official classification, and ex-
pressed quantitatively as a total number of patents over the period in
question. The very rapid rate of increase of radio patents was graphi-
cally compared to the rate of increase of all patents over the same
period.

The status of the radio engineer in industry from the viewpoint
of patents was considered, the position of the amateur outlined and
some comments made, based on typical selection but on an incomplete
survey of the patents, regarding their initial ownership and the parti-
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cipation of the membership of the Institute of Radio Engineers in the
acquisition of patents.

~ The meeting was attended by fifty-six members of whom twenty-
nine were present at the informal dinner which preceded it.

The March meeting of the Washington Section was held on the 12th
at the Continental Hotel, L. P. Wheeler, chairman, presiding.

V. Ford Greaves, assistant chief engineer to the Federal Radio Com-
mission, presented a paper on “Some Observations on Radio Broadcast
Allocation.”

This paper was on the development and application of a quota-unit
system for the distribution of radio broadecast facilities throughout the
U. 8. in accordance with the provisions of the Davis Amendment of
the Radio Law which provides that the people are entitled to equality
of radio broadcast facilities, both as to reception and transmission.

Tt was pointed out that the radio broadcast traffic problem in space
is very similar to the automobile traffic problem in large cities, and in
comparison to one class of boulevards for high speed through traffic,
another of one-way streets and congested areas, we have in radio 40
high power clear channels with only one station per channel, and the
other 50 channels divided among regional and local channels. No sys-
tem can be absolutely perfect because of local and seasonable varia-
tions in the laws of propagation.

In order to test whether the present system approximates an
equable distribution of stations, measurements were made in different
parts of the country to find areas which should receive fair day service
of 400 microvolts or more from one or more stations.

Tables were shown giving the ratios of the percentage of population
living within the 500 microvolt day service areas to the number of sta-
tions serving the same arcas with this class of service or better. While
the differences between actual allotments and quota are as great as—
165 per cent and—100 per cent, when a distribution curve is plotted
between percentage of quota for ordinates and percentage under and
percentage over as abscissas, it was shown that on the average these
differences amount to less than 5 per cent. The conclusions tend to
show that in spite of certain apparent variations, the general allocation
plan in effect at present is a substantial compliance within the law
within practical limits.

The paper was discussed by Messrs. Burgess, Craven, Stewart, Pro-
fessor Robinson, and Dr. Taylor.

Of the fifty-eight members and guests in attendance at the meeting,
thirty-eight were present at the informal dinner which preceded it.
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the Radio Law which provides that the people are entitled to equality
of radio broadcast facilities, both as to reception and transmission.

It was pointed out that the radio broadeast traffic problem in space
is very similar to the automobile traffic problem in large cities, and in
comparison to one class of boulevards for high speed through traffic,
another of one-way streets and congested areas, we have in radio 40
high power clear channels with only one station per channel, and the
other 50 channels divided among regional and local channels. No sys-
tem can be absolutely perfect because of local and seasonable varia-
tionsin the laws of propagation.

In order to test whether the present system approximates an
equable distribution of stations, measurements were made in different
parts of the country to find areas which should receive fair day service
of 400 microvolts or more from one or more stations.

Tables were shown giving the ratios of the percentage of population
living within the 500 microvolt day service areas to the number of sta-
tions serving the same areas with this class of service or better. While
the differences between actual allotments and quota are as great as—
165 per cent and—100 per cent, when a distribution curve is plotted
between percentage of quota for ordinates and percentage under and
percentage over as abscissas, it was shown that on the average these
differences amount to less than 5 per cent. The conclusions tend to
show that in spite of certain apparent variations, the general allocation
plan in effect at present is a substantial compliance within the law
within practical limits.

The paper was discussed by Messrs. Burgess, Craven, Stewart, Pro-
fessor Robinson, and Dr. Taylor.

Of the fifty-eight members and guests in attendance at the meeting,
thirty-eight were present at the informal dinner which preceded it.







Part 11
TECHNICAL PAPERS




H

o




Proceedings of the Institute of Radio Engineers
Volume 19, Number & May, 1931

OUTPUT NETWORKS FOR RADIO-FREQUENCY
POWER AMPLIFIERS*

By
W. L. EvERITT

(Ohio State University, Columbus, Ohio)

Summary— At high frequencies a transformer consisting of primary ,secondary,
and mutual inductances cannot be constructed to match a generator effectively lo a
resistive load. By iniroducing capacitative elements, such a match can be obtained.

The design of reactance networks to connect a resistive load e fliciently to a source
of power can be carried out most conveniently by the theory of 1mage impedances.
Such reactance networks can provide not only for high efficiency but can also attenu-
ate undesired harmonics.

A variety of configuralions can be designed lo accomplish the desired result.
The network can also be arranged to provide extremely high attenuation at desig-
nated frequencies.

The most efficient network is one designed for critical coupling, assuming a con-
stant Q for the inductances. The efficiency also depends on the impedance ratto.

ply network, it is a well-known fact that the external load should

have a vector value which is the conjugate of theinternal impedance
of the source. Inasmuch as the useful load itself seldom meets this
condition, it is usually necessary to use some impedance matching net-
work which can modify the load as viewed from the generator.

At audio frequencies, the matching device is usually a transformer
with a core of high permeability. Such a transformer can be designed
to provide a good match over a wide range of frequencies.

At radio frequencies, a simple transformer cannot be designed which
approximates the requirements of the ideal, viz.,

(1) Mutual reactance much larger than the terminal loads, while
primary and secondary resistances are negligible.

(2) Coefficient of coupling nearly equal to unity.

Tortunately, at radio frequencies it is usually desirable to design the
matching network for maximum power transfer over a range of fre-
quencies which is a small fraction of an octave. It is possible, there-
fore, to use resonant combinations of inductance and capacitance to
obtain an impedance matching network of as high an efficiency as is
possible at lower frequencies with the standard type of transformers.

At radio frequencies, the most common type of supply network is
the vacuum tube. In order to operate a vacuum tube amplifier at high
efficiency, the output wave should have a large percentage of har-

I[N ORDER to extract the maximum power from a generator or sup-

* Decimal classification: R355.7XR390. Original manuseript received by
the Institute, January 10, 1931.
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monics. Such operation is permissible for most radio-frequency ap-
plications. Since the harmonics produced are usually undesired in the
load itself, an output circuit which can also act as a filter to attenuate
these harmonics is often desirable.

The inductively coupled resonant circuit has been extensively
treated.! It is frequently more convenient to couple the final power
stage of a radio transmitter to the antenna or transmission line by
means of a 7w network of reactances. It is at this point that high effi-
ciency is most important, and this article will be confined largely to this
type of network. Exact design is now largely replacing cut-and-try
methods in the determination of circuit constants in radio circuits.

GENERAL REQUIREMENTS OF IMPEDANCE MATCHING NETWORKS

If an unbalanced T or 7 network is terminated in an impedance, the
impedance measured at the input terminals will, in general, be different
from the terminating impedance. In Fig. 1 is a T network with three

Z| ZZ 3
WAA
Z I. RaE ad T, —>
o d} 2 ZIZ.
E =
&

Fig. 1—General transmission system represented by equivalent T network.

on

arms, Zy, Zy, and Zs. If Z,= Z,, and if it is terminated in an impedance
equal to its characteristic impedance Z,, and the generator impedance
is also equal to Z,, then the impedances looking both ways at the input
terminals 1-2 will be equal, and a similar condition will exist at the
output terminals 3—4.

If, on the other hand, Z; does not equal Z, then a pair of imped-
ances Zp1 and Z;, may be found, such that if a generator of impedance
Zn is connected between terminals 1-2, and an impedance Zr; is con-
nected between terminals 3—4, the impedances looking in both direc-
tions at the input terminals 1-2 will be equal, and the same will be true
of the impedances in both directions at the terminals 3-4. These im-
pedances Zp1 and Zj, are called the image impedances of the network,
and in the balanced section (Z;=Z,) are both equal to Z,. From this
definition, their value can be determined in terms of Zi, Z,, and Zs, and
will be,?

! Pierce, Electric Oscillations and Electric Waves, McGraw-Hill, 1920.

? Johnson, Transmission Circuits for Telephonic Communication, D. Van
Nostrand.
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7.+ Z

Zy = /‘/Z:'—F*ZZ(lez + ZoyZs + Z1Z;) (1)
7y + Z

ZI2 = —2" 3(Z1Z2 + Z2Z3 + Z1Z3) . (2)
Zy -+ Zs

The image impedances can also be determined in terms of the open

and short-circuited impedances.
Let Z, =impedance at terminals 1-2 with 3-4 open

Zao= " » 7 34 7 1-2open
Za= ” ” ” 1-2 7 3-4 shorted
L= » ” ” 3-4 7 1-2 shorted
In Fig. 1
Z01 = Zl + Z3
AYAS Z\Zy + ZoZs + Z:1Zs
Z,.l = Z1 + =
Zy + Zs Zy + Zs
Zoz = Z2 S Za
7. = ZWZs + ZyZs + AVA
* AR
It = Zula (3)
Zyo? = Zols. (4)

Since a 7 network equivalent to the T' network of Fig. 1 would have
the same open- and short-circuited impedamnces (3) and (4) would also
hold for such a 7 section. ;

By examining (1) and (2), it will be seen that a network of pure
reactances may have image impedances which are either pure reactances
or pure resistances. If the image impedances of such a network are pure
resistances and it is connected betwecn a generator and load whose im-
pedances are equal to these image resistances, the impedances will
maich at both junctions. Under these conditions the maximum power
will be absorhed from the generator and, since it has been agsumed that
the arms of the connecting network are pure reactances, no power will
he dissipated in the transfer and so this maximum power will be de-
livered to the load.

Regardless of the generator impedance, any output load can be
modified by a properly designed network so that the input impedance
at the terminals 1-2 will be anything desired. In amplifiers which fall
in clagses B and C the output load is frequently not made equal to the
effective impedance of the tube, and the design is made on the basis
of an image impedance Z; equal to the load impedance required,
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If the terminating impedances are not pure resistances, they can be
made so at any single frequency by additional reactance in series with
them.

Both T and = configurations of reactances can be used for matching
networks. Actual networks have dissipation in their arms, but this
should be made as small as is commercially feasible.

RN I
AT LU
A B

Fig. 2—Impedance matching networks.

Fig. 2 shows two types of = networks used to match impedances.
Fig. 2A, in addition to being an impedance matching network, is also a
low-pass filter and is, therefore, one of the best methods of coupling a
radio-frequency power amplifier to its load.

X

X Rp
E

Fig. 3—General network for matching impedances.

To determine the image impedances of Fig. 3, the open- and short-
circuited impedances will be computed, assuming each arm to be a pure
reactance.

_ JX4j(Xs + Xo)

(X4 + X5+ Xo)
_ 71X 43X 5
T (X4 + X)
iXj(Xa + Xp)

01

Z02 ==
J X4+ X5+ Xo)
. _ _iXsiXe -
T (X + Xo)
— X2Xp(X X
Zut = R = 100 7 2t (5)

(Xa+ Xp+ Xc)(X4 + X5)
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— X2 Xp(Xa + X5)
(Xa + X5+ X)(Xp+ Xe)

In order to make the image impedances resistive, it is apparent that
one of the arms must be of an opposite type of reactance to the other
two, so that the right-hand sides of (5) and (6) may be a positive num-
ber and its square root a pure resistance.

Multiplying (5) and (6) and extracting the square root:

lez = Rzz = (6)

IR — XaXaXe (7)
Xi+Xp+ Xc
Dividing (5) by (6) and extracting the square root:
_R__lz XA(XB+XC)_ ()
R, Xc(Xa+ Xb)
From (8)
RiXaXc + RiXsXc = ReXaXp + RoXuXe
X, = X pXe . (82)
(Ry — R)Xc¢ + RoXp
From (7)
RiR.X 4 + R1R2(XB + X¢) + XaXpXe=0
R\Ry(Xp + X¢)
T i (7a)
RiRy + XXc¢
Equate the right-hand sides of (7a) and (8a)
XnXc¢ Ro(Xp + Xo)
(Ro — R)X¢ +RoXp  RiRo+ Xs5Xc
XptXot = — R?XpX¢ — R?X? + RiRoX¢? — R2Xp? — R’ XpXo
Xp:X 2 = — R2(Xp + X)? + RiRX(?
Ry(Xy + X¢) = £ Xcv/RaRy — X5
Xo - — Ry X3 ©)

R; + v/ RiRs — X5®

By the symmetry of the network the expression for X4 can be written
immediately
— R X
X4 = —— 0 (10)
Ry + /Ry — X»?
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When (9) and (10) are fulfilled, the case is one of optimum reso-
nance. If the method of analysis just used is applied to the 7 section of
pure reactances, the optimum resonance conditions given by Pierce!
will be obtained.

X can be arbitrarily selected and may have a positive or negative
value, except that the radical v/R;R,— X5 must be a real number.
Therefore the limitation on X is that

| X5| < RiR». (11)

This limitation corresponds to the limitation on the minimum value
which the shunt arm of a 7 network can have and maintain an im-
pedance match. If Xz2> R;R,, therefore, the coupling is insufficient
and an impedance match cannot be obtained no matter what the
values of X4 and X .

There will be two pairs of values for X4 and X¢ corresponding to
the plus and minus signs in front of the radicals in (9) and (10). If the
positive sign is selected in (9), then it must likewise be selected in (10)
and vice versa.

As an example, take the case of a generator whose internal im-
pedance is 2000 ohms (a vacuum tube perhaps), which is to be matched
against a 500-ohm line. Then the maximum absolute value which Xjp
can have is

X5 = 4/2000 X 500 = 1000 ohms.

-
Suppose an inductance whose reactance is 800 ohms is selected
arbitrarily for X . Then

\/Rle bt XB2 = 600

Compute the pair of reactances X4 and X corresponding to the
positive sign in front of the radical first.

— 500 X 800

Xe = = — 364 ohms
500 + 600
— 2000 X 800

Xi = = — 615 ohms.
2000 + 600

These values are shown in Fig. 4. If the values of reactance are
known, the values of inductance and capacitance can be computed at
any frequency.

L Loc. cit.
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Next, compute the pair of reactances X4 and X ¢ corresponding to
the negative sign in front of the radical.

— 800
500 — 600
— 800
2000 — 600

The values corresponding to this network are shown in Fig. 4 B.

If the input impedances of the networks with their 500-ohm ter-
minations are computed, they will be found to be 2000 ohms and there-

+3800 +j 800
Wﬂ@l
2000 ‘l_
?: i.J 615 2) 364
E
9

A B

Fig. 4—= matching networks with inductive series element.

fore absorb maximum power from the generators. The network 4 A will
also attenuate the harmonics, while 4 B will not, and therefore 4 A is
usually the more desirable.

If X5 had been assumed as a negative reactance of 800 ohms, all the
negative reactances of Fig. 4 would become-positive reactances and

vice versa. Two other types of networks would then be obtained, which
are shown in Fig. 5.

-j sloo -J'Ialoo
|
2000 1 ¥ 00 1 l =
+o15 +)264 500 + 142 ~j 4000 i‘ 00
2 : 1
A B

Fig. 5—= matching networks with capacitative series element.

The network of Fig. 5A has the configuration of a high-pass filter,
and so may be useful in some special cases where it is desirable to
climinate frequencies lower than the one for which the network is
designed, e.g., a frequency multiplier.

It is possible to accentuate the low-pass filter action of Fig. 4A.
The capacitative reactance of X4 can be secured by an inductance in
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series with a condenser as shown in Fig. 6A. The same may be said of
X¢. Fig. 6B shows the reactance curve of the series combination. It is
frequently desirable to eliminate the second or third harmonic. The
frequency which is to be attenuated is the resonant frequency f,, while
at the frequency f; at which the energy is to be transferred, the combi-
nation should have the reactance determined from (9) and (10).

Lo
T gV
iﬂg :%LA %}c % R E Frequency
R o
Eg "I—CA ‘—[— CC [EXA

A

Fig. 6—TLow-pass filter matching network for harmonic suppression.

Let w; be the angular velocity at which the combination is to have a
reactance X 4,

we be the angular velocity at which the combination is to be reso-
nant,

L4 be the inductance of the combination, and

C4 be the capacitance of the combination.

Then,
1
wlLA B o XA (12)
wch
L . 0 (13)
w — = 0.
oliyg 0:Cn
From (13)
1
—=w22LA.
A
Substitute in (12)
w22
(wl - —"‘)LA = XA
W1
w1
Li=—— X4 . (14)
w2 — wy?
2 .2
o, = Ay (15)
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If the system is to attenuate a harmonic, let n be the number of the
undesired harmonic. Then,

Wy = Ny
X4
T e (14a)
(1 — n?w
1 —n?
Ca = (- ) ; (15&)
7’L2w1XA

Iquations (14) and (15) may be applied to determine the inductive
and capacitative components for any arm to give resonance at one
frequency and any desired reactance at another frequency.

As an example, let the computations of I'ig. 4A be carried on to the
values of Fig. 6A, such that X will attenuate the second harmonic and
X ¢ will attenuate the third harmonic. Let the circuit be designed for
maximum transfer of cnergy at 1,000,000 cycles.

w, = 6.28 X 10°

For X4, n=2
— 615
= — X 10~¢ = 32.6 microhenries
(1 — 4)6.28
Cph = —— —— = 194 micromicrofarads
4 X 6.28 X — 615
For Xc, n=3
— 364
Le=————- X 107 = 7.24 microhenries
(1 —9)6.28
1 -9
Co = — X 10~% = 389 micromicrofarads

9 X 6.28 X — 364
And

Lp = b~§§ X 107% = 127.5 microhenries

.In a similar way it would be possible in the network of Fig. 5A to
design the shunt reactances to be resonant at any frequency below the
one for which the network is designed.




734 Everitt: Oulpul Networks for Power Amplifiers

In Figs. 4A and 5A, if the reactances X4 and X g are small in com-
parison with the resistances shunting them, it will be found that the
matching network is essentially a parallel resonant circuit so that ap-
proximately,

Xa+ Xp+ Xc=0

Then X+ Xe= — Xa
X4+ X = — Xc¢
and (8) becomes
R, X,
— = : (16)
R, X2

This relation is frequently used to determine approximate values of
X4and Xe.

The network of physically realizable reactances will dissipate some
energy in its elements. It is desirable to make this loss as small as

Fig. 7—Vector diagram of Fig. 2A.

possible. A vector diagram of the voltage and currents in Fig. 2A is
shown in Fig. 7. If properly designed, I; will be in phase with E4 and
EA/Il == R1

Ipr =12 4 Iy
B2 N B2
R X2

If Qg is equal to Xp/Rg for the coil, the power lost in the network
is, neglecting condenser losses: ’

Plost = IB2

Xp E'A2XB/ 1 1
= + >.
Qn Qs \R12 X a2
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Substitute in the value of X 42 from (10)

e E 2 Xp [ 1 (Ry + vV RiRs — XBZ’)Z:‘
lost =

Qs Ry? R*X p*
E2Xp X+ Ri2+ 2RAVRiR: — X5® + RiRy — X5?
T Qs [ Ri?X 52 "}
= "EL‘ [R12 + R1R2 + 2R1\/R—1R2 - XBZ]- (17)
R*X 5Qs

The effect of increasing X is to increase the denominator and de-
crease the numerator, so the larger X p is taken the less will be the loss.
The power delivered to the network is:

E4?

‘Zel

A Plost
Efficiency = <1 — 100

input

= [1 et RlXBQRCR}lZ + R1R2 + 2R1\/R1R2 - XBZ)} >< 100. (18)

The maximum value which X can have and still maintain an im-
pedance match is:

«

XB = \/Rle.

The maximum efficiency has been shown to occur when Xjp is a
maximum,

' RZ]- (18a)

le’\/l\)/lRZ

In addition to the @ of the coil, this maximum efficiency is a func-
tion of the ratio of resistances to be matched.

. maximum efliciency = \:1 —

Let a = &
R,
1
. maximum efficiency = [1 = a—l—_]‘ (18b)
Qva

This efficiency decreases with increasing values of “a.” It is in-

teresting to note values which X4 and X ; have when X3 is equal to its
maximum value v/, l?,.
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From (9) and (10)
: a= — Xg
XC = — XB.

XB’YR—E oz - IRR,
R, H

Flg. 8—Balanced = matching netw ork.

The matching network then becomes the balanced 7 section of Fig,
8. The characteristic impedance of such a network is:

172

W

Now, Zy = £ jA/RiR,

R.E,
7 = 7
2
R.R’
2 e —— -
Zo: = — = \/RiR,. (19)

4/1{:11!32 RiR,
2 4

The characteristic impedance of such a network is therefore the
geometric mean of the terminating resistances. This is a special case of
a line an odd number of quarter wavelengths long.

The input impedance of a line is, by long lines theory,

E, 7 <Zu sinh vyl + Zz cosh 7[)
Zecoshyl + Zp sinh vl

I

If the attenuation is zero and if the line is an odd number of quarter
wavelengths long, then

cosh vl = cosh [O + 72n — 1)%}

@n — 1)—
= cos (2n — 1)— =
2
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Substitute this value in the long-lines equation

E _ ZQ‘. (20)
!/ Zr

To show that the network of Tig. 8 isa quarter-wave section, use the
well-known equation for balanced sections:

Z
coshy = 1+ (21)
- ,,lg
In Fig. 8.
Zy
” = 1
27,

coshy = 0 cosh (@ + j8) = coshacos 8 + jsinhasing =0

This can be true only if a=0and 8== /2.

The open-circuited impedanece of such a structure would be zero
while the short-circuited impedance would be infinite, so that (3) and
(4) become indeterminate. Under these conditions one image imped-
ance may be assumed at will, but the other image impedance will be
given by

. Zq? .
7]1 = d (22)
412

A radio-frequency transmission line has a small loss, and if its
characteristic impedance can be made equal to the geometric mean of
the terminating impedances, it can also be used to match two resist-
ances when the line is an odd integral number of quarter wavelengths
long. Usually, however, the range of permissible line impedances is
limited.

From the discussion, it is apparent that there is a variety of con-
figurations for matching networks which can be used to connect a gen-
erating system efficiently to its useful load, but in order to obtain high
efficiency, any of these networks should be properly designed.

o et > B @ <
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THEORY AND OPERATION OF TUNED RADIO-FREQUENCY
COUPLING SYSTEMS*

By

HaroLp A. WrHEELER! aAND W. A. MacDonNaLp?
(Epgineer, 2Chief Engineer, Hazeltine Corporation, New York City)

Summary—The subject is the tuned r-f coupling systems commonly used in
broadcast receivers, to couple the antenna to the grid of the first tube, and to couple
the plate of each r-f amplifier tube to the grid of the following tube. The simple tuned
r-f transformer used in the 1923 neutrodyne receiver has been improved by the
codperation of different kinds of tmpedances in the primary circutt. The “equt-
valent mutual inductance” is thereby caused to vary with frequency in a predeter-
mined manner, without the use of any moving elements except the tuning condenser;
this is also referred to as a varying “effective turns ratto.” The gain of an amplifier
can be held uniform or made to vary with frequency in any desired manner consis-
tent with the amplifying ability of the tube and the tuned secondary circutt, and
without appreciable loss of selectivity. A large variety of these improved coupling
circuits is shown and classified in terms of the fized and varying components of the
equivalent mutual tnductance. A large number of these coupling systems from
commercial broadcast receivers are described in terms of coil structure, electrical
constants, and performance. These include antenna and amplifier cireuits dating
from 1924 to date, and used in unneutralized, neutralized, and screen-grid receivers.
Special attention is paid to antenna circuits for unicontrol recetvers, whose tuning
is substantially independent of antenna capacitance and of the adjustment of a
shunt rheostat sometimes used as a volume control. The problems involved are
treated mathematically with the aid of general theorems and specific examples.

Part I. HisTORICAL INTRODUCTION

ZTTYHE SUBJECT of tuned radio-frequency transformers or
Tcoupling systems has received much attention since the spring
of 1923, when non-oscillating broadcast receivers with tuned
r-f amplifiers first appeared on the market and were widely accepted
by the public. These receivers secured both high amplification and high
selectivity without regeneration, by the use of low resistance helical
coils tuned by variable air condensers. The elimination of regeneration
as a controlling factor made the performance of these tuned r-f ampli-
fiers entirely dependent on careful design and manufacture, which re-
quired much study and experimental work. i
Tuned r-f coupling systems are most generally used in broadcast
receivers for the purpose of coupling the antenna to the grid of the
* Decimal classification: R142. Original Manuscript received by the Insti-

tute, July 3, 1930. Presented before Fifth Annual Convention of the Institute,
August 20, 1930.
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first vacuum tube, and for the purpose of coupling the output or plate
circuit of an r-f amplifier tube to the grid of the following tube.

A typical 1923 receiver used r-f transformers of the simple type
which has become well known, and is shown in Fig. 1. C, is the neu-
tralizing capacitance of a plate-circuit neutralization arrangement for
neutralizing the inherent grid-plate capacitive coupling of the tube and
does not otherwise affect the action of the r-f transformers.!

Primary coil L, is closely coupled to secondary coil L, and these
two coils are tuned as a unit to the signal by means of a variable
air condenser, C. The use of a condenser for the tuning means permits
of a very low resistance fixed coil L and resulting high selectivity and
amplification. For this reason this method ol tuning has been gen-
erally adopted. In Fig. 1, an autotransformer is shown in the antenna
circuit and an inductively coupled transformer in the amplifier circuit.
The r-f action of these two is essentially the same.

[

Y
ANTENNA AMPLIFIER

TRANSFORMER TRANSFORMER

Fig. 1—Simple r-f transformers of neutrodyne receiver (I).

While condenser tuning is generally accepted as the best method,
it has one serious weakness. When the tuned circuit is resonant at the
various frequencies, the impedances across the secondary circuit are
much higher at higher frequencies. Higher secondary circuit imped-
ances promote higher amplification or gain, so that the gain using such
transformers may be several times as great at the highest frequency as
at the lowest frequency.

Various schemes have been used to make the gain of the simple
transformer more uniform over the broadcast range. One of the
most common employs a resistance in the grid leads at “X” in Fig. 1.
Then an approach to uniform gain is secured only at a great loss of
selectivity. Another of these schemes employs a mutual inductance,

! L. A. Hagzeltine, Proc. Radio Club of Amer., 2, No. 8, March, 1923. U. S.
Patents 1,489,228, April, 1924, and 1,533,858, April, 1925.
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M, which is varied simultaneously with the tuning condenser. This
variable element in addition to the tuning condenser is difficult to
build in a radio receiver, especially in the recent receivers in which
many parts are individually shielded.

The required scheme for securing uniform gain, therefore, has been
an arrangement wherein the effectzve mutual inductance varies auto-
matically with tuning frequency, without the use of any moving ele-
ments in addition to the tuning condenser.

The real solution of this problem was left to the late Carl E. Trube.
A short time ago, he and the present writers planned to present this
subject to the Institute in a joint paper. It is deeply regretted that he
did not live to assist in this presentation of the developments which
grew out of -his inventions. The writers gratefully acknowledge the
data furnished by him, which have contributed much to this paper.

Trube conceived that the characteristics of a tuned r-f coupling sys-
tem could be determined within wide limits by effectively combining in
the primary circuit, impedances of different kinds, instead of using only
a closely-coupled primary coil, as in Fig. 1. By proper choice of these
impedances, any desired results could be obtained within the amplify-
ing ability of the tube and the tuned circuit. This would require no
adjustable element except the tuning condenser.

In 1924-26, Trube was employed as consulting engineer by the
Shepard-Potter Company of Plattsburg, New York, which was reor-
ganized late in 1924 as the Thermiodyne Radio Corporation. This
organization was then manufacturing radio receivers with tuned r-f
amplifiers. Oscillations were prevented in these receivers by two
cobperating means, without neutralization of the inherent grid-plate
capacitive coupling of the tubes. First, the r-f amplifier plate circuits
were provided with capacitive reactance so that the load in the plate
circuits could not become so highly inductive while tuning the r-f
transformers. This greatly reduced regeneration. Secondly, the gain
was reduced sufficiently so that any remaining regeneration was in-
sufficient to cause oscillations. Reduction of the gain too far below
the oscillation threshold in any part of the broadcast band resulted
in too poor sensitivity, and therefore it was necessary to predetermine
the gain so that its value was sufficiently constant, or varied with
frequency in the reverse manner, to fulfill these conditions. This
second requirement was satisfied by the following developments.

The first Thermiodyne receiver was the model TF-6, which was
manufactured beginning in August, 1924, and which employed three
tuned r-f amplifier stages, each connected according to Fig. 2. Orig-
inally the choke coil, Ls, was an iron-core coil, and later an air-core
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coil of high inductance. Trube found that the gain at the lower fre-
quencies could be greatly improved by making the air-core coil L,
together with primary condensers C, and C,, resonant at a frequency
of 400 to 450 ke, slightly lower than the broadcast band.** This
feature was incorporated in the modified TF-6, first manufactured in

Cz. ==
1

Oy
224

-

S J
CouPLING SYSTEM
Fig. 2—Tuned r-f amplifier”stage of modified TF-6 receiver (II).

December, 1924. This improvement was of such importance that
service men were instructed how to modify the earlier receivers. The
chassis of this model is shown in Fig. 3.

The action of Fig. 2 in the modified TF-6 is easily explained as
follows. The amplified r-f plate current of the tube divides, one part

Fig. 3—Chassis of modified TF-6 receiver (II).

flowing through the parallel path, C,, L,, and the other part flowing
through the series path, Ci, L;. The “effective number of turns” of
L, is therefore different from the actual number of turns. At the lower
frequencies the effective capacitance of the parallel path is less be-
cause of the presence of L,. Therefore the effective number of turns
of L is greater at lower frequencies. In other words, the “effective

2 C. E. Trube, U. S. Patent 1,763,380, June, 1930.
3 C. E. Trube, British Patent 273,639, July, 1926.
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step-up ratio” of the coupling system as a whole, is less at lower fre-
quencies. This effect of varying primary turns is secured without ac-
tually changing any of the circuit elements. The resulting gain is
predetermined merely by choice of the circuit constants.

Soearser
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Fig. 4—Complete circuit of new TF-6 receiver (III).

The meritorious features of this and later Thermiodyne models
were not generally appreciated by radio engineers until years later.
In addition to the ingenious tuned r-f systems, these receiving sets em-
ployed tuning condensers operated simultaneously by a rack-and-pinion
mechanism, and were probably the first manufactured receivers to use
as many as four tuned circuits. Both of the latter features anticipated
later practice.’ :

;ﬂ,__)
COUPLING SYSTEM
Fig. 5—Tuned r-f amplifier stage of new TF-6 and TF-5 receivers (IIT and IV).

A different r-f primary circuit was employed by Trube in a new
TF-6 model, manufactured beginning in March, 1925. The chassis
arrangement was not changed, but the circuit of the new niodel was
according to Fig. 4, which is copied from a factory blueprint. A single
r-f stage from this circuit is shown in Fig. 5.34

¢ Similar ecircuit deseribed later by E. H. Loftin and S. Y. White, Proc.
1.R.E., 14, 605; October, 1926.
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The action of this circuit is somewhat different from that of Fig.
2, but achieves the same result. The choke coil, L;, hasa high r-f
impedance and serves only to supply the direct plate current to the
tube. The coupling condenser, C,, contributes to the antiregenerative
effect mentioned above, but does not affect the action of the r-f
coupling system proper. The amplified r-f plate current divides be-
tween the tuning condenser, C, and the primary condenser, Ci, only
one part flowing through the tuned coil, L, but both parts flowing
through the primary coil, L;. The effective number of primary turns
is the sum of a fixed number depending on I; and a varying number
depending on what part of the r-f plate current flows through L. At
lower frequencies, the tuning condenser has more capacitance; there-
fore the total effective number of primary turns is greater at lower
frequencies. In other words, the effective step-up ratio is less at lower
frequencies, as in Fig. 2.

Fig. 6—Chassis of TF-5 receiver (IV).

The sensitivity of the new TF-6 model was very good and was
much more uniform over the broadcast band than that of other con-
temporary receivers in its class. The gain in each of the three r-f
stages was somewhat greater at lower frequencies, as limited by the
oscillation criterion, but the gain of the antenna circuit was very much
higher at higher frequencies, because the simple transformer was
used in the antenna circuit.

Since the performance of the new TF-6 was better than required by
many broadcast listeners, the TF-5 model was developed, having only
two tuned r-f amplifier stages and a tuned antenna system. This
model was first manufactured in April, 1925. Fig. 6 shows the chassis
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arrangement. This model was made in two types which differed in
only a few details; the circuit of the first TI'-5 appears in Iig. 7, while
that of the second TI-5 appears in Fig. 8. Both of these figures
are copies of factory blueprints. The tuned r-f amplifier stages are like
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Fig. 7—Complete circuit of first TF-5 receiver (IV).

those of the new TF-6 but with changed electrical constants. In the
TF-5, however, the antenna coupling system is made similar to the r-f
amplifier coupling systems. This feature has the advantages that the
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Fig. 8—Complete circuit of second TI-5 receiver (IV).

tuning of the antenna circuit is more like that of the r-f amplifier cir-
cuits, which facilitates unicontrol operation, and the gain of the an-
tenna circuit is more nearly uniform.

During the 17 months from December 1924 to April 1926, more
than 50,000 of the above receivers were manufactured and sold, mostly
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of the new TF-6 model. This includes a chassis like the new TEF-6,
which was built into the Music Master model 175-G receiver.

Early in 1926, the Hazeltine Corporation secured the prospective
patent rights of Trube, and subsequent developments have been car-
ried on by this organization.

The Trube scheme was next employed in the chassis of Gilfillan
receivers, models 30 and 40, manufactured beginning in December,
1926. Fig. 9 shows this chassis, with shielding boxes removed. The
circuit is shown in Fig. 10, which is a copy of a factory blueprint. The

I'ig. 9—Chassis of Gilfillan models 30 and 40 receiver (V).

antenna system and one tuned r-f amplifier stage are shown in the
simplified diagram of Fig. 11.2 This circuit was an adaptation of the
Trube idea to the shielded neutrodyne receiver® and oscillations were
prevented by the so-called “plate-circuit neutralization” already in
common use.

Referring to the antenna circuit in Fig. 11, there are two primary
coils, L; and Ls, connected in series in opposite directions. Then L,
together with C; and the antenna capacitance, is resonant at a fre-
quency somewhat lower than the broadcast band. The result is equiva-
lent to a simple transformer with varying number of primary turns,
the sum of a fixed number depending on L, plus a varying number de-
pending on L, and the frequency. The total effective number of turns
is greater at lower frequencies since the current through L, is greater at
frequencies nearer the natural frequency of the primary circuit.

The amplifier circuit of Fig. 11 is somewhat similar to the antenna
circuit. In addition, each primary coil, L;, L, has a neutralizing coil,

z Loc. cit.

s J. F. Dreyer, Jr., and R. H. Manson, Proc. L.R.E,, 14, 217, April, 1926.
L. A. Hazeltine (discussion), Proc. I.R.E., 14, 395; June, 1926.
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L., Ly, wound interleaved therewith on the same cylindrical form.
All coil forms are threaded to guide the windings. The neutralizing
coils are thereby very closely coupled to the primary coils, which
secures nearly perfect neutralization.® Instead of connecting the pri-
mary condenser directly across L, as in the antenna circuit, the con-
denser C,’ is connected across Ly and L,” in series. This gives more
uniform current distribution in the windings of L. and L', and thereby
reduces the dissipation in these coils. Aside from this feature, the

ANTENNA TRANSFORMER AMPLIFIER TRANSFORMER

Fig. 11—Tuned r-f coupling systems of Gilfillan models 30 and 40 receiver (V).

neutralizing circuit, C,, L/, L,’, makes no essential contribution to the
action of the primary circuit. ‘

This Gilfillan receiver gave excellent performance with these cou-
pling systems, but the cost of manufacturing these coils was so great
that this system was not used in other receivers. More recent develop-
ments have overcome such obstacles. The coils to be described later
in this paper are representative of the commercial designs which have
evolved out of the original work of Trube. Up to the present time,
more than a dozen manufacturers have embodied these developments
in their radio receivers, and more than 500,000 such sets have been
marketed by this group. At the time of writing, there are at least
eight large manufacturers producing receivers using circuits like those
described herein.

Part 1I. ThHrorETICAL INTRODUCTION

This part of the paper will be devoted to a description of the theory
of tuned r-f coupling systems, in so far as it is required to appreciate
the essential subject matter. The detailed mathematical analyses,

§ Loc. cit.
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on the other hand, will be relegated to the latter section of the paper,
since they are not required for a general appreciation of the subject.
This theoretical material, both descriptive and mathematical, is in-
tended to convey a picture of the action of these coupling systems,
together with a survey of the design problems met in practice.

Any coupling system must receive power from a source. The
sources to be considered are the capacitive radio antenna and the am-
plifying vacuum tube. The vacuum tube will be treated as a unidirec-
tional relay, without grid-plate capacitive coupling. In some examples
to be described, this does not represent operating conditions; this fact
has been pointed out in connection with the TF-5 and TF-6 receivers.

E

L

EO IL ‘ Eo
Ji

Jo N Yo

L=Euy
(a) (b)

Fig. 12—Generalized source, (a) “constant voltage generator”, (b) equivalent
“constant current generator” circuit.

In all other cases, this condition will be closely approximated either
by the use of neutralization or by the use of screen-grid tubes.

It is customary to regard such a source as a fictitious generator
having an internal e.m.f., E;, and an internal admittance, y;, as shown
in Fig. 12 (a). The terminal voltageisindicated by E, and the external
or load admittance by y,. This last quantity represents the input or
primary circuit of the coupling system. This will be called the “con-
stant voltage generator” concept, because the internal voltage, E;, is
considered to be independent of load characteristics. In Part VIII,
this will be shown to be replaceable by a “constant current generator’
concept, illustrated by Fig. 12(b). The same symbols appear in the
latter figure, except the generator supplies a current I; in place of a
voltage E;. The two sources supply the same load voltage and current
when the equation of Fig. 12(b) is satisfied, so that the two_concepts
may be employed interchangeably.

In general, the nature of the internal admittance, y;, affects the
behavior of the coupling system connected thereto. It is therefore an
advantage to have y; appear in parallel with the load. In the analyses
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to follow, y; will be regarded as part of the coupling system wherever
its presence affects the conclusions to be drawn.

The reduction of an antenna source to a “constant current gen-
erator” appears in Fig. 13, and that of a vacuum tube source appears
in Fig. 14. In the former figure, ¢, represents the apparent capacitance
of the antenna at the signal frequency.

Ea———H—- Eo g
Ca

1,
% ;[

i

(a) (b)

Fig. 13—Antenna source.

The tuned r-[ coupling systems under study employ only fixed
circuit elements, such as coils and condensers, in addition to a variable
tuning condenser. Iiach system of coils and condensers, usually des-
ignated as an “r-f transformer,” must not have any substantial cou-
pling to any other such system in the same receiver, in order to avoid
feed-back effects, regeneration or oscillations. Intertransformer
coupling is now commonly prevented by the use of shielding cans
around the individual coil systems. Such a shielding can constrains

'/“’Efj By d T ' =3
9p
Jo Ir Jo
) Irm=~Eqw9p="Eggm
(a) (b)

Tig. 14—Vacuum tube source.

the r-f alternating magnetic field of the coils and thereby reduces the
self-inductance values for r-f currents. In the usual cases, the r-f
mutual inductance values and the inductive coupling coefficients are
also reduced.

The shielding action of the nonmagnetic cylindrical can used around
coaxial r-f coils depends on induced currents around the can. A similar
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effect is produced if the can is replaced by a short-cireuited coil having
the same diameter and very low resistance. In Part V, this effect is
studied briefly and expressed by equations.

In order to avoid capacitive effects, the inductance of r-f coils is
usually measured at a frequency of 1 ke. In the case of thin aluminum
cans commonly used, the eddy currents at L ke are limited by resis-
tance as well as by inductance. This differs from the conditions at
radio frequencies; the magnetic field is only partially constrained and
the observed inductance values are greater than for r-f currents. The
inductance values given in this paper werc measured at 1 ke, using
1/32-in. copper cans in place of the usual thin cans. These measure-
ments indicate closely the inductance values effective for r-f currents.
The proper cans were used, however, for r-f tests.

The simplest r-f transformers have been mentioned, and shown
in Fig. 1. L. A. Hazeltine has described several interesting properties
of this simple transformer.5% In general, the coefficient of coupling
ki is appreciably less than unity, and therefore the actual turns ratio
may have little significance. The coupling, however, is so close that
both transformer circuits are tuned as a unit by the tuning condenser
across the secondary coil. In this case the “cffective turns ratio” is
the ratio, L./M,, of secondary to mutual inductance, the transformer
having this step-up ratio, plus a “leakage inductance” in series with
the primary coil; this is treated in Part V. When this leakage reac-
tance is much smaller than the impedance in parallel with the primary
circuit, shown in Iigs. 13(b) or 14(b), the former does not affect the
operation of the tuned r-f coupling system.

The simple transformer has an optimum value of the effective
turns ratio, which yields the highest gain at any given frequency to
which the transformer is tuned. Hazeltine has shown the advantages
of using an effective step-up ratio greater than the optimum value:®
by this means the selectivity is greatly improved, while lowering the
gain by only a small amount. In this region of operation, increasing
the effective step-up ratio departs further from the optimum value and
results in decreasing the gain. In other words, the gain increases with
greater mutual inductance. This relationship exists in most r-f am-
plifiers designed in the past few years, especially in those utilizing
screen-grid tubes.

In the tuned r-f coupling systems described herein, the primary
circuits are complicated by the cooperation of different kinds of cou-
pling. A method has been devised whereby the sum of these various cou-
plings can be identified with an equivalent mutual inductance which

8 L. A. Hazeltine, U. S. Patent 1,648,808, November, 1927.
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varies with the frequency in a predetermined manner. This procedure
is followed in Parts V and VI, in the latter section of this paper. First,
the coil system in question is reduced to an equivalent unity-coupled
transformer, with appropriate leakage inductances. Then the various
parallel paths of the primary circuit, represented in Fig. 54, are re-
duced to an equivalent single path, as in Fig. 55. In the latter figure,
m is the equivalent mutual inductance whose value was required.

The derivation of this equivalent mutual inductance brings into
consideration another feature, the impedances reflected in the second-
ary cireuit from the primary circuit. The nature of this phenomenon
is well known, that the resistances and reactances in the primary cir-
cuit affect both the selectivity and the tuning of the secondary cir-
cuit, or of the coupling system as a unit. In the simple transformer,
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Fig. 15—Generalized tuned r-f coupling system.

-

these effects depend almost entirely on the antenna or vacuum tube
connected to the primary coil, because otherwise the primary coil is
practically an open circuit. In the more complicated primary circuits,
this is no longer true; the impedances reflected in the secondary cir-
cuit depend also on the primary circuit of the coupling system proper.

Fig. 15 shows the analysis of a coupling system having various
couplings combined in the primary circuit. These couplingsare
first reduced to the equivalent mutual inductance, m. Then the im-
pedances reflected in the secondary circuit are reduced to their equiva-
lent three parallel components (I,, ¢, g,). These components are unique-
ly determined within each narrow band of frequencies, as treated
in Part VII. The respective inductance, capacitance and resistance
values of these components may or may not be the same in different
narrow frequency bands. Having reduced the coupling system to
this form, the gain and selectivity can be computed at any resonant
frequency by the same methods used for the simple transformer. This
procedure is treated in Part VIII.
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‘The problem of tuning several r-f coupling systems simultaneousl y
in a unicontrol radio receiver, has risen to the same importance as
the problems of gain and selectivity, since neither of the latter can
be fully utilized without very closely tuning all of the coupling sys-
tems to the signal frequency. This third problem is simple only when
all the systems are identical in all respects. This can be true only when
the so-called “antenna coupling tube” is used; otherwise the antenna
circuit is tuned and is necessarily different to some extent. The an-
tenna coupling tube has proved deficient in that it permits cross-
modulation of the various signals before any selection is effected. In
fact, some receivers employ two or more tuned circuits between the
antenna and the first tube, thereby increasing the number of dissimilar
coupling systems which must be tuned at once.

The process of designing or adjusting a number of tuned circuits
so that their natural frequencies are varied simultaneously by moving
a single control, is referred to as “alignment.” Correct alignment in
the finished receiver can be secured by various methods. One method
in wide use will be taken as standard in this paper. This method em-
ploys tuning condensers whose capacitance values are all equal at any
position of the tuning control. Correct alignment then requires, in
addition, that the inherent capacitance values be alike in all circuits,
and that the effective inductance values of the secondary coils be
alike in all circuits. The former requirement is met by careful design
or more precisely by the final adjustment of a small condenser across
each secondary coil. The latter requirement is met by careful design,
and is discussed in Part X.

As already indicated, the alignment problem centers on the antenna
circuits, which necessarily differ from the amplifier circuits. Those
antenna coupling systems to be described which are used in uni-
control receivers are all of the type which requires no adjustment
for different antennas. This is accomplished by the use of coupling
between the primary and secondary circuits which is relatively small,
but which is so proportioned that the gain is sufficient over the fre-
quency range.” This expedient also permits the use of a volume con-
trol attenuator in the antenna circuit without excessive detuning
effects.

Part III. CLASSIFICATION OF CIRCUIT ARRANGEMENTS

There are a great many circuit arrangements which can be used
to secure an equivalent mutual inductance which varies with frequency
in a desired manner. A number of representative circuits will now be

? W. A. MacDonald, Radio Broadcast, p. 235, August, 1929,
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deseribed and identified in terms of the respective fixed and varying
components of the equivalent mutual inductance, m. These examples
are shown in Figs. 16 to 22.

(@ dg
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Fig. 16—Tuned r-f coupling systems having coupling condensers in series with
tuning condensers.

In order to simplify the equations and reduce the number of ex-
amples, two rules are followed in these figures. First, any resistance
effects in the primary circuit (including the “source”) are omitted.
These frequently do not affect the m values to an extent which is
important, but would greatly complicate the equations. Secondly,
in all cases a capacitance, Cy, is shown across the input terminals of
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the primary circuit. In the case of an antenna cireuit, this includes
the apparent capacitance of the antenna. In the case of screen-grid
amplifiers, this includes the total plate capacitance, which is not,
usually negligible in these circuits. The presence of Cy may otherwise
be unessential, in which case it can be omitted.

A uniform nomenclature is used, in which the following are essen-
tial features. The tuning condenser and the tuned secondary coil
are denoted by C and L, respectively. A primary coil of relatively

Cy
Il
I

L LC my=m,=LC,/(C,+C,)

(@) CZT Le J wi= 1/L(CHC,)

(o)
C
my=m,=M,C, /(C,+C;)

(C) C. L, (- L s+=C wf=]/l—1 (Cl+c”.)

I L, (1-k®) neglecred.
1 ;
@ c, by L 52 C

L Per

7

Fig. 17—Tuned r-f coupling systems having high inductance primaries not
inductively coupled to secondaries.

low inductance, closely coupled to the secondary coil, is denoted Ly,
or referred to as a “low inductance primary.” A primary coil of rel-
atively high inductance, or which is not closely coupled to the second-
ary, is denoted by L,. M), M,, and M,; are the respective mutual
inductances between L, and L, L, and L, and between L; and L,. The
corresponding coupling coefficients are ki, ks, and k.. Magnetic coup-
ling between coils is indicated by a brace, and is assumed zero if not
indicated. Where coil symbols are drawn near each other and such
coupling is indicated, the upper ends of these coil symbols indicate coil
terminals having like a-c polarity in so far as direction of winding is
concerned, and when the M values are taken as positive. The angular
frequency to which the secondary circuit is tuned is denoted by w.
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Fig. 16°4 shows a group of circuits, each of which has a relatively
large condenser in series with the tuned circuit, L, C. In types (a)
and (b), the value of m has no fixed component, but only a varying
component which is much greater at lower frequencies. In the other

-
‘m3=0
@  C, L L C my=M,
wE=1/1,C,0-kE)
C,

m,=LC, /(C+C,)
C my=My+LC, /(Ci+C,)
wit= 1/LCHC)(1-K3)

(b)

©
My = M\C\/(C.+C2)

d My= M +MIC|/(C|+C1)

@ “)22: l/ZLz(C|+Cz)(\-k7_kn/k|)
L,(1-kkeg/k;) neglected

(e)

Fig. 18—Tuned r-f coupling systems having high inductance primaries induc-
tively coupled to secondaries.

types, m has both fixed and varying parts, the former depending on

M, and the latter depending only on the primary condensers, C; and

C,. Type (c), without C,, was used in the new TI-6 and in the

TF-5 receivers referred to above. Type (d) has been published be-

% Loc. cit.
4 Loc. cit.
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fore.* Types (b) and (e) have the advantage that the tuning condenser
rotor can conveniently be grounded if desired. This is not true of the
other circuits of this group.

In Figs. 17 to 21, the fixed and varying components of m are de-
noted by the coefficients ms and m.,, respectively, corresponding to
Fig. 64 below. The natural frequency of the primary circuit, deter-
mined by L, etc., is denoted by w; and is lower than the range of tuning

Cy

| s

my=MC,/(CHC,)

My = MZ—MICL/(C\+C1)
w0 =1 AL CHC -k, /)
L (1=K Ky /k,) neglected.

Iig. 19—Tuned r-f coupling systems having high inductance primaries induc-
tively coupled to secondaries.

frequencies, w. The resultant value of the equivalent mutual induc-

tance is .
m = mg + my/ (/w2 — 1). (1)

The m; component is fixed, while the m, component is much greater
at lower frequencies than at higher frequencies.

The circuits shown in Fig. 1723 have in common the feature of a
high inductance primary, Ls, which is not inductively coupled to the
secondary, L. In these circuits, the coil L, may be wound on a small
bobbin, removed from the main coil assembly. Type (b) was used in
the modified TF-6 model described above. Type (a) tas recently
been used in screen-grid receivers. In type (d) L, can be close to the
lower part of L, and the inter-coil capacitance used as C, in place of a
separate condenser. These circuits have a slight disadvantage in that

4 Loc. cit.
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my =0
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Fig. 20—Tuned r-f coupling systems having high inductance primaries coupled
to secondaries by coupling coils.
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myand my cannot have any ratio exeept unity ; the relative mugnitude
of the two terms in equation (1) must thevefore be determuined entirely
by the choice of w,. This disadvantage i not present in the following
examples, Ifigs. 18 to 21

The circuits of Iig. 18237 are distinguished by the feature of a
high-inductance primary, /.., connected directly hetween the pritary
terminals and inductively coupled to the secondary, /.. Type (b) i
frequently used in both antenna and amplifier systems, with C
furnished by inter-coil capacitance, sometimes augmented by an addi
tional small capacitive coupling. 1t is important in most cases that

m,=L,C, /CtC,)

my= M +LC /CHCY)

wi= /L CHC XKk, K)
L(-K K, /k,)neglected.

b == La%! “C =4
o bt 1— {my=LCACHC,)

c, bm =M+ LCAC+C,)

o H — wf= |/L;,(C|+C1>(|'K2K\1/Kt)
© c== l_z% ! ~ - ¥
i . J

I'ig. 21—Tuned r-f coupling systems having high inductance primaries coupled
to coupling cotls in secondary circuits.

the common connection between /. and L, be connected to coil ends
of opposite polarity, as indicated, since that is the condition for addi-
tive relationship between capacitive and inductive coupling. In types
(c) and (e) also, C, may be intercoil capacitance. In types (d) and (e),
1, and L, may be wound on the same form, with a tap connection
between the two coils.

The Tig. 19? circuits have the high-inductance primary, L., in
parallel with C; and inductively coupled to the secondary. In any of
these three types, coil L. may be a multilayer coil, and its natural
capacitance used as all or part of C,. Intype (c), the intercoil capaci-
tance between L; and L may be used as C;. Type (b) has been exten-
sively used in both neutralized and secreen-grid receivers. In the
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cireuit of Fig. 11, described above, the antenna system is type (b), while
the amplifier system is type (¢), modified for the purpose of neutraliza-
tion.

Fig. 20 shows a group of circuits in which part of L, is a separate
coil, and the remainder is a coil inductively coupled to the secondary,

F ’
@ c, c

Ly L

LC,/(C,+Co) "M,
w:/wz =)

m =M,—

G I 2 2
W, = l/Lz(Cl"'Cz)(\ - K;_)

MG /(Ci+Ce)-M,
w:‘/wz —1

W, = I/Lz(C|+CZ)(‘— kzkn./kn)
L,(\—k\Kn/'KZ) negiected.

m=M,—

LG, /ACHC)-L,

(d) =i W, fwt =1
wy= L/LZ(L—L2>(C,+C2)
_LC LC /(C(‘I-C?_)
© m=Ci, T w}/wl—l

w:: (CI+C'7.)/L2CICZ

Fig. 22—Tuned r-f coupling systems having a different kind of equation.

L. In types (e) and (g), L; and the L, coupling coil may be parts of
the same coil. In types (f) and (g), C; may be intercoil capacitance.
Fig. 21 gives examples of another class of circuits, in which the
primary coil, L,, is coupled to only one of two coils, L, in the secondary
circuit. In type (c), intercoil capacitance may be used for C;.
In all the circuits discussed above, except in the simple transformer
of Fig. 1, the equivalent mutual inductance, m has a component which
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1s greater at lower frequencies. In most of these circuits, this is
augmented by a fixed component. There are other kinds of combina-
tions which also give desired results. One of these kinds is illustrated
by Fig. 22.3

The principle of I'ig. 22 differs from that of Figs. 16 to 21 in this
way; the equivalent mutual inductance, m has a fixed component, and
also a varying component which is greater at higher frequencies.
These components are so related that the second is subtracted from
the first, and therefore m is less at higher frequencies. This is usually
the required result in all these circuits. As one step in securing this
result, the primary circuit, L,, C1, Cs, isgiven a natural frequency, ws,
which is somewhat higher than the range of operating frequencies, w.
The formulas in Fig. 22 show these effects. The first term of m is
the fixed component in each case. The second term is of opposite
sign and is greater at higher frequencies than at lower frequencies.
The second term should always be smaller than the first at operating
frequencies.

In the circuits of Fig. 22, L, is of the same order of magnitude as L,
or even smaller. Type (a) is used in recent screen-grid receivers, with
intercoil capacitance for C;. In types (b), (¢), and (e), also, C, may
consist of intercoil capacitance.

In a number of the above circuits, one of the primary coils may
be used also as a neutralizing coil in r-f amplifiers using triode tubes.
The manner of accomplishing this result will appear in one of the
examples to follow, Fig. 32. By proper choice of coil polarities, the fol-
lowing primary coils may be used also as neutralizing coils: L, in Figs.
17(c), 18(d), 19(b), 20(b), and 20(e); the coupling coil part of L, in Fig.
20(a), (¢), (d), and (e).

It is not pretended that Figs. 16 to 22 exhaust the number of com-
binations which can be used to secure a desired variation of the
equivalent mutual inductance, but they are representative of the
many useful circuits which have grown out of this idea.

Parr IV. Exampres oF MANUFACTURED COIL SYSTEMS

There have been many kinds of coil assemblies used in coupling
systems like those described herein, which have been commercially
manufactured in broadca