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GENERAL INFORMATION

The PROCEEDINGS of the Institute is published monthly and contains papers and discussion, 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 PRO-
CEEDINGS issued during the period of his membership.

Subscription rates to the PROCEEDINGS for the current year are received rom non-members at the
rate of $1.00 per copy 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, 1923, and 1928 at
$9.00 per volume (six issues) or $1.50 per single issue. Single copies for the year 1928 are available
at $1.00 per issue. For the years 1913, 1914, 1915, 1918, 1917, 1918, 1924, and 1925 miscellaneous
copies (incomplete unbound volumes) can be purchased for $1.50 each; for 1927 at $1.00 each.
The Secretary of the Institute should be addressed for a list of these.

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

Bound volumes are available as follows: for the years 1918, 1920, 1921, 1922, 1923, 1925, 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 1928 the bound volume prices are: to members of the
Institute, libraries, booksellers, and subscription agencies, $9.50 in blue buckram binding and
$11.00 in morocco leather binding; to all others, $1200 and $13.50, respectively. Foreign postage
on all bound volumes is one dollar, and on single copies is ten cents.

Year Books for 1928, 1927, and 1928, containing general information, the Constitution and By -Laws,
catalog of membership etc., are priced at seventy-five cents per copy per year.

Contributors to the PROCEEDINGS are referred to the following page for suggestion, as to approved
methods of preparing manuscripts for publication in the PROCEEDING/.

Advertising rates to the PROCEEDINGS will be supplied by the Institute's Advertising Department,
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 mailing address to be effective
with the October issue of the PROCEEDINGS must be received 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 their mailing address, for the purpose of keeping the
Year Book membership catalog up to date.

The right to reprint limited portions or abstracts of the papers, discussions, or editorial notes in the
PROCEEDINGS is granted on the express condition that specific reference shall be made to the
source of such material. Diagrams and photographs published in the PROCEEDINGS may not be
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. Authorised October 28, 1927.

Published monthly by

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

BUSINESS, EDITORIAL, AND ADVERTISING OFFICES,

33 West 39th St., New York, N. Y.



SUGGESTIONS FOR CONTRIBUTORS TO THE
PROCEEDINGS

Preparation of Paper

Form-Manuscripts may be submitted by member and non-meraber 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 a contribution may belong, a close ccnformity 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 divi-
sion lines should be drawn in with black ink, omitting the finer divisions. 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
Iop 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. Equations may be written
in ink with subscript numbers, radicals, etc., in the desired proportion.

Abbreviations-Write a.c. and d.c., kc, pf, aot, emf, mh, ph, henries, abscissas, antennas. Refer to
figures as Fig. 1, Figs. 3 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 con-
clusions to a non -specialist 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, 33 West 39th
Street, New York City. They will be examined by the Committee on Meetings and Papers and
by the Editor. Authors 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 new material is to be added. Corrected proofs should be returned promptly to the Institute of
Radio Engineers, 33 West 39th Street, New York City.

Reprints-With the galley proof a reprint order form is sent to the author. Orders for reprints must
be forwarded promptly ae type is not held after publication.
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C. M. JANSKY, JR.
Member of the Board of Direction, 1929

C. M. Jansky, Jr., was born at Delton, Michigan. In 1917 he was graduated
from the University of Wisconsin and in 1919 received the Master's degree in
Physics from the same institution. Since January 1, 1920, he has been in charge
of instruction in radio engineering at the University of Minnesota and of the
operation of the University's broadcasting station. He was a member of the
four National Radiotelegraph Conferences. He is associate professor in radio
engineering at the University of Minnesota and is practicing consulting radio
engineering. Professor Jansky is on the Board of Direction of the American
Radio Relay League. He has contributed several papers to the PROCEEDIN as of
the Institute of Radio Engineers. In 1928 he was appointed to membership on
the Institute's Committee on Standardization. Professor Jansky was elected
Manager for a three-year term, beginning 1929. He was elected an Associate
member of the Institute in 1918, was transferred to the Member grade in 1925,
and the Fellow grade in 1928.



INSTITUTE NEWS AND RADIO NOTES

1928 Standardization Report

The 1928 Report of the Committee on Standardization, published
in the 1929 Year Book, has been reprinted as a Separate volume.
Members of the Institute may obtain one copy gratis upon application
to the Secretary. To non-members the price is one dollar.

Change of Address or Business Title

Members of the Institute are again advised that the Institute
office should be notified promptly of any change in mailing address or
business title or occupation in order that the PROCEEDINGS may be
forwarded promptly to the new address and the Year Book membership
catalog kept up to date. The practice of sending forms with the annual
ballot, upon which the membership indicates any change in business
title, has been discontinued. Accordingly, unless the Institute office
is advised otherwise, the 1930 Year Book listing of the catalog of mem-
bership will be identical with that of the 1929 book.

On page XXXV of the advertising section of this issue will be found
a form which may be used for notifying the Institute office of any
change in mailing address or business occupation or title.

Nominations for 1930 Officers and Managers

The Committee on Nominations, Melville Eastham, chairman, is
preparing recommendations for the September 4th meeting of the
Board of Direction for nominations of officers and elective members
of the Board of Direction for 1930.

As set forth in the Constitution, the membership is entitled to make
nominations by petition. Such nominations are to be made by letter,
addressed to the Board of Direction, setting forth the name of the
proposed candidate and the office for which it is desired he be nomi-
nated. For acceptance, a letter of petition must reach the Board of
Direction on or before October 15th and must be signed by at least
thirty-five Fellows, Members or Associates.
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There are to be elected a President, Vice President, and two mem-bers of the Board of Direction, the latter to serve for terms of threeyears.

Civil Service Examinations
The U. S. Civil Service Commission announces open competition

examinations for the positions of Senior Radio Engineer ($4,600 per
year), Radio Engineer ($3,800 per year), Associate Radio Engineer
($3,200 per year), and Assistant Radio Engineer ($2,600 per year).

Competitors will not be required to report for examination at anyplace but will be rated on their education, training, experience andfitness, such ratings being based upon the competitors' sworn state-
ments in their applications and upon corroborative evidence.

Members of the Institute interested in these positions should
communicate with the U. S. Civil Service Commission, Washington,
D. C., requesting application form #2600, mentioning announcement#166 and the position for which he desires to compete.

Committe Work

COMMITTEE ON BIBLIOGRAPHY

To investigate the feasibility of the Institute's sponsoring the publi-cation of a complete bibliography on radio and the compilation and
publication of a monthly abstract service, President Taylor has ap-
pointed the following Committee on Bibliography: B. E. Fchackelford,
chairman, M. C. Batsel, W. G. Cady, J. H. Dellinger, Melville East-
ham, General G. W. Gibbs, C. B. Jolliffe, F. H. Kroger, R. H. Langley,
R. H. Manson, Colonel J. 0. Mauborgne, Donald McNicol, G. W.
Pickard, Haraden Pratt, E. R. Shute, A. F. Van Dyck, H. M. Turner,
L. P. Wheeler, H. A. Wheeler, W. C. White, L. E. Whittemore, andW. Wilson.

The Committee held its first meeting at 2 P.M. on June 26th in the
office of the Institute in New York City. The following members werepresent: B. E. Shackelford, chairman, W. G. Cady, Melville East -ham, C. B. Jolliffe, Colonel Mauborgne, H. M. Turner, H. A. Wheeler,and W. C. White.

The Committee made considerable progress in its preliminary work,
and will continue to hold meetings throughout the summer in order to
submit its report to the Board of Direction early in the fall.
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Institute Meetings
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CLEVELAND SECTION

On June 11th the Cleveland section held a meeting in the Hotel
Statler. This was the annual meeting and was preceded by a dinner.
B. W. David, chairman, presided, and forty-seven members and guests
attended.

Ralph Worden, radio editor, Cleveland Plain Dealer, gave a
review of the Chicago Radio Show. A musical program was provided
by WTAM Entertainers, which included the Metropolitan Trio.

Los ANGELES SECTION

The Los Angeles section held a meeting, May 28th, 1929. C. S.
Breeding, assistant secretary, presided. There were thirty-six mem-
bers and guests in attendance.

Two papers were presented, one by Professor Harry LaVerne Twin-
ing on, "New Developments in Radio Phenomena as Compared with
the Einstein Theory" and the second paper by Elbert M. Fox on
"Some Experiments on Wave Propagation at High Frequencies."

A general discussion followed the presentation of these papers.

SAN FRANCISCO SECTION

On May 21st the San Francisco section held a meeting in the
Auditorium of the Pacific Gas and Electric Co., San Francisco, Cali-
fornia. Donald K. Lippincott, chairman presided.

S. P. Grace, assistant vice-president of Bell Telephone Laboratories,
presented a paper, "Speech Transmission."

A demonstration followed the presentation of the paper. One of
the most important features of the demonstrations was the illustration
of a method of delayed speech. Mr. Grace said "Hello" at the input
end and as late as four and one half seconds later the apparatus said
"Hello."

Methods of scrambled voice transmission were put on the loud-
speaker to demonstrate the impossibility of understanding it and this
was "unscrambled" for the audience.

The regular meeting of the San Francisco section for the month
of June was held on the 19th at the Bellevue Hotel, following a dinner
at which forty-six members and guests were present.

N. R. Morgan of Stanford University presented a paper on "Power
Grid Leak Detection, C Bias Detection and Screen Grid Detectors."
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Following the presentation of the paper L. F. Fuller, Donald
Lippincott and a number of members and guests entered into its
discussion.

Dr. Fuller presented an outline of his recent trip to the east during
which he represented the local section at several Washington meetings.

Personal Mention

R. R. Brewin, of Atlanta, Ga., has been transferred from the engi-
neering department of the Georgia Power Company to the department
of radio coordination of the same organization.

George W. Brown, of Atlantic, Mass., is now Manager of the Radio
Service Department of the Motor Supply Company of Boston.

E. Finley Carter has resigned from the General Electric Company
at Schenectady, where he was in charge of special developments in
the radio engineering department, to direct radio -frequency develop-
ments for the United Research Corporation located in Long Island
City.

G. W. Clark, of Portland, Ore., is now receiving station engineer
for the Mackay Radio and Telegraph Company at Honolulu.

William F. Devine, until recently connected in installation on sound
projector systems for Electrical Research Products, Inc., of New York
City, has moved to London, England, where he has joined the staff of
the Western Electric Company, Ltd., as supervisor and inspector in
sound projector systems.

Captain E. E. Eiler, for several years director of radio for the
Republic of Haiti with headquarters at Port-au-Prince, has been
transferred to Marine Barracks, Naval Air Station, Pensacola, Fla.

George L. Haller is now associated with E. A. Myers and Sons of
Philadelphia as electrical engineer. Mr. Haller left the employ of the
Westinghouse Elec. and Mfg. Company at East Pittsburgh where he
was doing radio research work.

Norman R. Hood formerly associated with the Illinois Pipe Line
Company at Casper, Wyo., is now radio operator with the Firestone
Tire and Rubber Company at Akron, Ohio.

A. C. Matthews, until recently in the radio division of Stewart
Warner Corporation at Chicago, has joined the staff of the United
Research Corporation at Long Island City, New York, as radio engi-
neer.

F. Cheney Beekley, for a number of years advertising manager
and managing editor of QST at Hartford, Conn., has resigned to be-
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come associated with the Maxim Silencer Company of Hartford. As
advertising manager of QST Mr. Beekley has been succeeded by G.
Donald Meserve, formerly assistant advertising manager.

Harold L. Olesen has joined the engineering staff of the Jewell
Electrical Instrument Company at Chicago. Mr. Olesen was formerly
associated with the Fanstell Products Company of North Chicago.

Wallace E. Rushing, until recently operator with the Radiommine
Corporation of America, is now associated with broadcasting station
WTIC of Hartford, Conn.

Hoyt S. Scott, for a number of years associated with the Willard
Storage Battery Company of Cleveland as radio engineer, is now
manager of Radio Engineering Service, Inc., of Cleveland.

F. H. Schnell has been given a year's leave of absence from the
Burgess Battery Company of Madison, Wis., to engage in special work
for Aero Products, Inc., in Chicago.

M. S. Thacker has joined Siemens Bros. and Company, Ltd. of
Bristol, England in the outside contracts department upon leaving
Merchants Venturer's College.

Russel S. Turner, recently a student of Dodge Institute at Stough-
ton, Wis., has joined the Radio Corporation of America at Chicago as
radio inspector.

Loren H. Whan, Jr., formerly chief engineer of Miller Welles C.om-
pany, Inc., of Chicago, is now engineer with the Minerva Radio Com-
pany of Chicago.

Harold C. Singleton has resigned from the General Electric Com-
pany at Schenectady to enter the employ of the Radio -Victor Cor-
poration of America with headquarters at San Francisco.

John L. Barnes, upon completion of a five-year coordination com-
munications course given at the Massachusetts Institute of Techno-
logy with the Bell System, has been appointed a Fellow in mathematics
at the Princeton Graduate School.

R. F. Durant, A.F.C., formerly Radio Branch, Royal Air Force,
has left to take up an appointment with Civil Aviation Radio, Air
Ministry, London.

C. I. Soucy, until recently engaged in talking motion picture in-
stallation as inspection engineer, has assumed the new position of
service superintendent with the Research Products, Engineering
Department, of the Northern Electric Company, Ltd., of Canada.
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GEOGRAPHICAL LOCATION OF MEMBERS ELECTED
JULY 3, 1929

For Election to the Associate Grade
California BoBoas Baker, Thomas S.

Bolines, Radio Corporation of America Clark, Robert W.Bo!inns Riddle, Elmer R.
Hollywood, 1719 N. Gardner St. Blackburn, John F.
Huntington Park, 66081 Rugby St Hudson, T. L. W.
Jackson, 115 Court St. Snyder, W. Gilman, Jr.
Los Angeles, 425 8. Bonnie Brae Dixon. A. L.
Los Angeles, 451 North Hill St Haas, Clarence H.
Loe Angeles, 5533 Hollywood Blvd Wright, James L., JrMenlo I'ark, Box 163 Seal, H. Rober t
Palo Alto, Federal Telegraph Co Beatty, W. E.
Palo Alto, 515 Oberlin Ave Lawrence. Robert B.
Palo Alto, Federal Telegraph Co Suydam, C. H.
Roeemead. 1223 S. Earl St Turner, W. E. H.
Sean Pedro, USS New Mexico Ruble, W. J.Colorado Dnver, 2041 S. Josephine Scheneman, Henry W.Delaware Wilmington, 418 S. Grant Ave Smyth, EarleDiet. of Columbia Washington, 621 0 Street, S. W Appich, Wm. H.
Washington, 3541 Holmead Pl., N. W. Bradford, Henry K.
Washington, 4637 Brewer P1., N. W Burke, James W.
Washington, Bureau of Standards Mcllwraith, Charles G.
Washington, 1123 East Capitol St. Simon, Isaac B.
Washington, 1814 Jackson St Stevens. Waldo W.Georgia Columbus, Box 89 Kirkland, A. H.
Columbus, Sta WRBL Shaffer, C. Robert
Fort Henning, Headquarters Battery Tate, Robert L.Illinois Chicago, 6429 S. May St Ellis, Robert M.
Chicago, 1900 Mohawk St Fritsel. Joseph
Chicago, 7614 Essex Ave Levy, Samuel L.
Evanston, 139 Custer Ave Stein, Harold A.Indiana Anderson. 1219 Home Ave. Miller, Louis
Ashley Urey, Geoge M.Sweetser Myers, Delbert
Vernon, Box 24 Dausch, Elmer F.Louisiana New Orleans, 3111 Louisiana Ave. P'kway Chateau. Arthur
New Orleans, 512 St. Peter Elkins, W. P.
New Orleans, 1716 Painter St. Peters, C. W.Massachusetts Cambridge, 7 Kirkland St Batchelder, L.
I.exington, 16 Cliff Ave Chute, Dudley.H.
Lowell, 722 E. Merrimack St Coburn, E. D.
New Bedford, 373 Pleasant St Meredith. W. B
Roxbury. 25 Fernboro St. Katz, Louie S.
Springfield, 28 Saratoga St Davis, William G.Michigan Detroit, 9125 Avis Ave Anderson, Donald T.
Detroit, 8881 Lauder Ave .Jackson, Paul
Detroit, 2923 Kirby W. Kirby, Otto I.
Detroit, 5842 Vernor Hgy West Pennebaker, R. T
Lansing, 325 Smith Ave . Wells, Lawrence V.
Muskegon, 329 Merrill Ave Owens, Robert F.
Sault Ste Marie, SS M. A. Bradley George, Edward M.Nliss.turi Kansas City, 3315 Holmes St Coates, B. Franklin
Springfield, 906 East Grand Moss, Terry L.
St. Louie, 3328 Louisiana Ave Althoff, Frederick E.
St. Louis, 5468 N. Kingshighway Blvd. Cook, Jesse A.
St. Louis, 3631 Bamberger Ave Proehl, Robert 0.Montana Butte, 1120 West Gold St Walker. Raymond E.New Jersey Bloomfield, 18 Austin Place Weaver, Karl S.
Boonton, 302 Dawson Ave Cordell, Peter C.
Collingswood, 106 Fern Ave Richards, Horace J.
Deal, Box 122 Kerwien, Arthur E., Jr.
Irvington, 41-42 St Conran, George E.
Long Branch, 58 Washington St Emerson. Kenneth H.
Merchantville, 606 W. Maple Ave. Cloeson, Luke E.
Newark, 820 Mt. Prospect Ave Canfield, Wilson R.
Newmark, 180 Runyon St. Dauber, Arthur 0. F.
Roselle, 133 Vine St Bosler, Gustave A.
Trenton, Glen Cairn Arms Ants Miles, Lester F.New York Brooklyn, 225 -68th St. Marra, Anthony
Brooklyn, 6 Bay 23rd St Rosin. Arthur
Brooklyn, 90 N. 9th St Stromeyer, Charles F.
Brooklyn, 60 Clinton Ave Wood. Wilbert C.
Buffalo, 158 Linden Ave. Karelake, James S.
Buffalo, 298 Hoyt St Parker, Arthur B.
Elmira, 314 Sly St Taylor, Dale L.
Lockport. 115 Main St. Connette, T. W.
New York, Lexington Ave. & 43rd St. Alvereon, George S.
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New York, 333 -8th St Brady, Leslie R.
New York, 91st St. & Broadway Cassell, Joseph L.
New York, 414 W. 120th St Charton, Paul W.
New York, 333 W. 52nd St. Dean, C. E.
New York, Sub Treasury Building Jensen, George L.
New York, 207 East 19th St. Paylow, Nicholas
New York, 370 Seventh Ave Randolph, L. F.
New York, 24 W. 59th St Theremin, Leon
New York, 45 Grove St Victoria, Joseph L.
New York, RCA Photophone, Inc., 438 W. 37 St Wisegarver, Orton H.
Poughkeepsie, 42 Cannon St. Boyle, Frank A.
Riverhead, L. I., Radio Corp. of America Michael, David F.
Rochester, 64 Grafton St. Eaten, Perry W.
Rochester, 17 Avenue D Sylvester, Arthur
Scotia, 223 James St. Bergeron, Rosalie
Scotia, 102 James St. Steiner, Harry C.
Schenectady, 1132 Baker Ave. Acheson, Marcus A.
Schenectady, 1307 Parkwood Blvd. Eveleth, Lawrence N.
Schenectady, General Electric Co Hansen, John C.
Schenectady, General Electric Co Larson, Robert W.
Schenectady, 111 Park Place Maser, Harold T.
Schenectady, 1061 Glenwood Blvd. More, Clifton C.
Schenectady, General Electric Co Newton, Raymond A.
Schenectady, Y. M. C. A. Westendorp, W. F.
Valley Stream, 83 South Drive Klesse, William

Ohio Canton, 1030 Clarendon, S. W Ellis, Walter R.
Cleveland, 4350 Pearl Rd. Dayniude, John F.
Cleveland, 1369 W. 112th St. Okeson, Hugh B.
Columbus, 1130 Westwood Ave Ryder, Jack D.
Cuyahoga Falls, 576 N. 4th Reeder, Nets® R.
Dayton, 53 Stratford Ave Cotter, Edwin hi.
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THE MUTUAL IMPEDANCE BETWEEN ADJACENT
ANTENNAS*

BY

CARL R. ENGLUND AND ARTHUR B. CRAWFORD
(Bell Telephone Laboratories, Inc., New York City)

Summary-The simple theory for the computation of reflecting or multibranch
antenna systems is sketched. If the points at which observations of electrical quanti-
ties are to be made are definitely specified, a knowledge of the self and mutual im-
pedances (properly defined) between antennas is sufficient to make the computations
determinate. Of the circuit constants, the most useful and accessible is the antenna
current ratio

j(0-(2rd/X))
Ki2=-I,=Koe

and in the work here reported 4 has been measured in the range 0.83X to A. Experi-
ment has shown that in this range 4) is that theoretically calculable for a Hertzian
doublet. Actually this range is equivalent to XIS to co. The discussion of experi-
mental procedure is purposely thorough.

INTRODUCTION

N this paper a start is made at putting the mutual antenna relation
in circuit theory form by the aid of experimental procedure. The
discussion is limited to parallel rectilinear antennas in free space,

the centers of which are in a common plane, and it is postulated that
all current or impedance measurements are to be made by opening this
central point.

THEORY

The usual method of treating "concealed" circuits, of which this is
an application, may be developed as follows. Given two accessible
terminal pairs (as in Fig. 1), we define the positive current direction
for each terminal pair in an arbitrary manner, for example as shown,
then apply an emf at (1) and measure the resultant current at (1) and
the voltage at (2), the secondary terminal being open. We have then
by direct measurement,

E1 E2Z1=-,Z12=-,/2 = 0 (1)
/1 /1

 Dewey decimal classification: 8320. Original manuscript received by the
Institute, March 13, 1929. Presented before joint meeting of the Institute and
the International Union of Scientific Radiotelegraphy, American Section, at
Fourth Annual Convention of the Institute, Washington, D. C., May 15, 1929.
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Next we reverse the terminals and repeat. We have then

E2 El
Z2 = Zn= /1=0 (2)

/2 /2

and with these four quantities we uniquely define the network for all
currents and voltages.

Thus when for open secondary circuit we write E1= Zi/i, the closure
of the secondary results in a secondary current /2 which, in turn, intro-
duces in the primary circuit a voltage of Z2112 so that the new primary

(DACONCIALED
Ir

NETWCOR

Fig. 1

current is given by Eci- Z21/2 = Z1/1. At the same time the voltage
induced in the secondary circuit by the primary current is all absorbed
by the secondary impedance drop or Z12/1 = Z212. Rewriting these
expressions in symmetrical form gives

E1 = Z1/1 - Z21/2

0= - Z12/1 -I- Z2/2 / (3)

from which we obtain, by solution and definition,

E1 Z2
= -E1

Sl Z1Z2 - Z12Z21

El Zi2
/2 =-=E1 (4)

812 Z1Z2 Z12Z21

/2 Z12 S1
= K12 = =

/1 Z2 S12

If we transfer these operations to the secondary side, we have a second
set of similar expressions

E2 Il Z21 S2
/2 =

S2 12 Z1 S21

E2
1.2 =

821

(5)

The most readily measured quantities are the self impedance ones Z1,
Zs, Si, and S2, but they are not sufficient for a determinate theory. We
must also measure a pair of mutual impedances (Z12, Z21) or a pair of
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transfer impedances (812, 821). For ordinary wire circuits it is readily
demonstrable that

Z21 = z12

821 = 812
} (6)

and it has recently been shown' that the same is true, with reservations
unimportant here, for the antennas of radio technique.

In the radio applications of the above we are chiefly interested in
the values of the currents flowing in the several antennas, in particular
in the ratios /d/o, /2//o, , etc., where we relate phase and ampli-
tude of any current to one fiducial current of the system, and it is the
chief purpose here to discuss the determination of the current ratio for
a single pair of mutually influencing antennas.

Assume, therefore, two mutually influencing antennas, in the center
of one of which an emf is introduced. Equations (3), (4), and (5) apply
directly and we have

Z1Z2 Z12Z21
81= = Z1(1 - KISKA)

whence

Ki2K21 =

or since

Z1 -S1

Zs v/Z1 -
K2, = K12 , K12 = (7)

Z2

Of these four quantities a measurement of three will be necessary to
determine the fourth except in the case of identical antennas. Then
Z1= Z2, by symmetry, and K12= NU -81/Z, so that the determination
of Kis can be made directly by a pair of a.c. bridge measurements2 on
one antenna, the second being alternately present and absent.

Obviously the ratio

2

I
= I K12 (8)

1 Carson, John R., Bell Sys. Tech. Jour., 3, 393; 1924, and PROC. I. R. E.,
17, 952; June, 1929.

2 Another special case is mentioned by Breit, Sci. Paper No. 430, Bur. of
Stand. 1922, and by Wilmotte Jour. I.E.E. 66, 961; 1928.

Here IC12 = 1/K11 or K,22 =SIM:  821/S1s or KI2 = VS1/82.
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is immediately determinable by means of a pair of ammeters but
arg /2//2 is not so obtainable. Any method of simultaneously convey-
ing, by metallic conductors, currents from the two antennas to a
common point for phase comparisons is open to the objection that the
physical connections introduce errors unknown or difficult of control,
and the conductors can act as antennas themselves. A straightforward
radiation comparison is immune to these errors, but lacks the inde-
pendent phase and amplitude control of the wire method.

Fig. 2

We may consider the following radiation experiment. An antenna
(1) is driven by a generator and has a reflector or parasitic antenna (2)
in its immediate neighborhood. The spacing between, and orientation
of the line joining them are variable and the field is observed at sub-
stantially radiation distance by a third antenna (0) supplied with
current indicating apparatus. The geometry will be as in Fig. 2 where

ri>>d

r2>>d.

Now with r1 and r2 large compared with the wavelength used,' the
radiated electric field will have the same space variation with r as for a
simple Hertzian doublet, and will be strictly proportional to the cur-
rents as measured in the radiating antenna centers. Moreover, the
resulting receiver antenna current will be proportional to the resultant
electric field at its location, the reaction of the receiver current upon
the driving antenna being negligible. Accordingly, we may write for
the receiver antenna current, if we drop the factor eic.",

I=C [ -h1I1e-i(27rri/))
h212 -i(2rr,a)

-I- -e
X ri Xr2

where C is the complex constant of proportionality, Ii and /2 the
current amplitudes, and h1 and h2 the effective antenna heights. Put-
ting in the current ratio gives,

C/1 hi -i(2rri/X)
4-

-i(2rrB/X)I =- -e 1C12(h2/r2)e (9)
X

3 A distance of 5 wavelengths to the nearest antenna is ample to meet this
condition; the spacing d can hardly exceed 2 wavelengths and leave a workable
antenna reaction.
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In radiation theory it is ac
to a common source; we th

where Ko= IK12 I and the

ClihiI= e-i(2rri/A

Of this we can observe di

I C I /1111II = /0 = ,

hi 7

tte" all phenomena

4tt

(11)
0

; gives

(10)

(12)

-ct.

This expression is difficult magnitude, directly.
However, since it is possibrelo determine Ko rather simply, and the
configuration may be changed arbitrarily, the remaining unknown 4 is
determinable in several manners.

With both Ko and c:/) depending on d an advantageous manner of
altering the configuration is to hold d constant and vary 0. We have
then

r22= ri2+d2-2rid cos 0

and the current expression becomes

/0- I C I 11

X ri

1+

K02I h212 h2

1T, f
2K0-

X
d 2d

1+ {- -- cos 0 4/1+ {-d }2--d- cos 0
ri r1

(13)

cosi-271 (14)1+ a) -2d cos 0} -ct
L X ri

4/1+

and when ri>>d

ri r1

ICI /1 h2
1+ (15)- +2K0- cos

X r1 hi h1
-(1 - cost)) - (11]

X
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As a function of 0 it is evident by inspection that the maxima of this
expression occur when the cosine term is a maximum; this maximum
may be an absolute or a relative maximum. An absolute maximum
occurs when

2rd
X

(1-cos 0) -41= 2n7 (16)

with n = 0, 1, 2, , etc., and the cosine term becomes unity. A rela-
tive maximum occurs when the cosine term approaches unity but does
not reach it before receding again. Only absolute maxima yield deter-
minations of 4; relative maxima occur only at 0 =7, and are geometrical
rather than electrical in character. No maximum obtained at 0 =ir is
therefore usable. Furthermore a minimum value of d exists below
which absolute maxima are unobtainable and the evaluation of ct im-
possible by this method. The greater 4, is, the greater is this minimum
distance.

Absolute minima occur equally with the corresponding maxima, the
condition for their existence being 27rd (1 - cos 0)/X -¢ = (2n -I- 1)7r with
n taking the same values as before.

It is not difficult, practically, to satisfy the condition n>> d but the
experimental procedure itself is not without difficulty. Thus at the
very short wavelengths (X <6 meters) where the manipulation itself
is practicable the power leads and apparatus carry very disturbing
currents which may introduce serious errors in the phase angle as de-
termined. A rough criterion of safety in this respect is to demonstrate
that the polar characteristic of the transmitter electric field is a circle.
T1- v, oL r: reported by Tatarinoffl (the only similar work so far noticed)
w performed indoors and is therefore open to question. Only a small
amount of experimentation is necessary to demonstrate the sensitivity
of such experiments to neighboring conductor systems.

Another, and general, question concerns the antennas themselves.
If a pair of rectilinear rods of equal length are operated at their natural
period a very definite specification of such antennas is possible. This
is not a workable case in general, however, it being usually necessary
to shorten the antenna so as to allow the insertion of coupling induc-
tances. The radiation resistance is thus lowered and the antenna
resonance sharpened so that deliberate tuning is required, and the
experimental observations must be carried out with the antenna prop-
erly tuned. There is no evident reason, however, why a Ko and 4) thus
determined cannot be applied to a pair of half wavelength rods without
serious correction.

"Zur konstruction der Radio Spiegel," Jahr. d.D.T.u.T., 28, 117; 1926.
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A modification of (7) gives another method of varying the con-
figuration. This is to choose some workable pair of 0 and d values and
then alternately place and remove the reflector antenna. Minus the
reflector antenna we have /on, = { I C I /X h,/I%)  /Im and with the
reflector antenna we have (15), so that by division,

/2m10

tt

} 2 h2 2 h2 2Ird
= 1 -I- {107.11 -1-2K7K cos[7(1- cos0)-cd

or when the antennas are alike in effective height

}2= 1 + K02+ 2Ko cost2-)71rd(1 - cos()) -cd

and

[{Ibni°}2 -1-Kos
2rd Blomck=-

X
(1- cos0) - cos -1

2K0
(17)

with only known quantities on the right-hand side. This method
should be especially suitable at small values of d. The ind'eated current
ratios require merely two separate deflections on a "square law" meter;
the ratio Ko = 1/2//1 I on the other hand is that of two different meters
and will have to be evaluated in absolute measure. This is the chief
experimental difficulty at short wavelengths. Notice that if wt make

= r2 we may use (12) directly and need not locate the receiver at a
great distance. The equation for 4 will be (17) with cos 0 = 0.

Equation (15) will give radial maxima, as d is varied, which are
simpler to observe experimentally than the angular ones with 0, already
mentioned, since they are more sharply defined thus. But the reduction
of the results is more difficult since both Ko and 4, are functions of d,
and although Ko(d) can be separately measured this is not sufficient
additional information. Obviously the radial maxima as functions of 0
will be a slightly different set of curves from the angular maxima as
functions of d, the latter lying outside of and enclosing the former.
This is readily seen to be the case, for as we move the reflector antenna
radially towards the transmitter antenna from a point on the angular
maxima curve, the dephasing action, due to wrong location, is, for a
certain decrease in d, compensated for by a corresponding increase in
reflector current, and the maximum will lie where the dephasing effect
and current rise just cancel. This will be most noticeable for small
values of d; for large values the two types of maxima (or minima) move
towards coincidence. If the transmitter antenna itself determines the
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generator frequency, a radial motion of the reflector antenna will
noticeably affect the generator frequency. However, the sharpness of a
radial maximum is such that serious error is not introduced in this
manner.

Another procedure for obtaining angular maxima is to move the
reflector antenna from the transmitter to the receiver antenna, and
while this is advantageous in the fact that receiver apparatus is much

REP.ECTOR

RECEGENERATOR IVER

18

Fig. 3

more compact and simple than transmitter apparatus, the theory be-
comes more complicated. In the transmitter -reflector case the distant
antenna action was negligible while in the receiver reflector case the
distant antenna action is the driving field itself. We now have the
geometry of Fig. 3 and the equations

from which we have

Z01/0 = Z1/1 - Z21/2

Z02/0 = Z12/1 + Z212

Z01Z2 ZO2Z21Il=
Zi Z2 - Z12Z21

Substituting the current ratio values of (4) and (5) turns this into

Zl ZO21 +- -K21
.Z2 Z01

11= 10K01
1 - K12K21

(18)

(19)

When r1 and r2 are relatively large we may fall back on the Hertzian
doublet expression for the driving field at the receiver antennas and
have

- i60 rho
Zo2 - C2 ei(2112/X) (20)

Xr2

where C2 is the effective height of the antenna, defined as the voltage
appearing in antenna center divided by the field producing it. A
similar expression holds for Z01, and forming the ratio of these two
gives
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ZO2 2 7.1-Ce-i(2r/N)(re-r1)
Z01 Cl r2

and the current expression becomes

It = IOKOI

Z2 C2 ri
1-F---e-i(2rIN)(rt-rI)K21. (21)

Z2 C, r2

1 -KI2K21

Comparing this with (11) we see that instead of the sum of two vectors
we have the quotient of two such sums and the unraveling, for radial
maxima, of experimental observations to give Ko and 4) is doubtless
more difficult. On the other hand angular maxima involve only the
numerator, and (15) can be applied almost unchanged.

Experimentally there is still a difference, however, since with the
reflector adjacent to the generator the receiver antenna system is im-
material and the deflecting meter can be carried to any favorable
situation by means of a pair of wires and read with ease, while for the
reflector adjacent to the receiving antenna no such procedure is per-
missible and the meter must be read at a distance by a telescope. But
it should be easier to make the two antennas identical in the latter case.
Then since

we have

and

I,
TO

/K12 = K21= Koei(0-2ird/N)

Zi= Z2

Cl =C2

r1
1+-Koe-il(2r (rs-i-d-r1)-4,1

r2

I1= I0Ko1
1 Ko2e-2i(21rd/X-.)

(22)

/1 + {-:?Co} +2-r:Ko cos [--1-7r(r2-Fd- ri) -4]
2 7.,

= I Kol . (23)

1 + K04- 21(02 cos 2 I2,rd

The procedure involved in (17) is less readily usable for receiver -
reflector experiment, owing to the power required for direct meter
operation.
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Since ck can be calculated for a Hertzian doublet and since the
Hertzian doublet has played an important role in radio theory, it is of
interest to compare this calculated value with the experimental values
for finite antennas. The "median plane" electric field of a Hertzian
doublet is given by

E*=
30hIo(iw 1 c

eiwo-cilc)
d c d icod2

(24)

when the doublet current is assumed as I =lei". This expression is
most conveniently written as

60ThE- loKeiw("Ic)+4 (25)
dX

where

K =
4

1 _( /X \

\27r611 1---ard)
and # = tan-irrd X VL

\ X -27rdrir
4/ being the angle of lead of E over I. The values of K and as func-
tions of d/X are attached in the curves of Figs. 4 and 5. The application

A

MINE111111111111111
UMW vnya1111111111
NMI NMI
111=11111111111111111
11111=111111111111111111

11111=111111111111E

111111111111111111111
IIME111111111111111111
IIMINIMEN111111111111
1111111111111111111111E

6

Fig. 4

of (12) gives for the equiphase lines, where a reflector antenna with
cophased current would affect a distant receiver in phase with the
transmitter current

 The units used are amperes, volts per cm, and centimeters, to conform with
the rest of the paper. c =3 X1010 cm = vel. of light.
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27rd X
-tan -1 - = (2n +1)7r

X 2rd

and when the receiver moves to infinity

2rd /2d
-2nd/d

(1 - cos6) - tan -1
2r

(2;rt +1)7r .
X

The antiphased lines occur for even multiples of 7r, Fig. 6 gives the
first two cophased and the first antiphased lines.

EXPERIMENTAL

An experimental study of the maxima and minima of (15) and (23)
has proved to be more difficult than was anticipated. All moving
conductors, animate or inanimate, such as pedestrians and automobiles,

6

Fig. 5

definitely prevent readings when within some 50 meters (app. 12 wave-
lengths) of the generator -receiver system. The system actually func-
tions as an automatic detective apparatus, the meter oscillations
betraying at once any human movement within the 50 -meter range.
This movement passes through a cycle every time the pedestrian has
altered, by a whole wavelength, the generator -pedestrian -receiver
ether path. In the same manner activity by the operator masks the
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true maxima and minima settings, and it is necessary for the operator
to remain immobile at a distance.

As stated earlier the effect of immobile neighboring conductors is
to produce a serious error in the measured value of 0. For suppose, in
Fig. 2, a conductor located between antennas (1) and (0) and so dis-
posed as to carry a current when the generator antenna (1) is excited.
The field from this current superposes at (0) on the field from (1), and
in general the vector sum will have a different phase from that of the
component arriving from (1). But the component arriving from (1) is
the one with which the phase of the (2) field component is to be com-

Fig. 6

pared, and if the immobile conductor carries considerable current or is
near to (0) a bad error will be introduced. Since the main exciting field
arises from the generator antenna current, which always considerably
exceeds the reflector current, this error is likely to be very nearly a
constant one.

For angular maxima determinations the most serious source of error
arises in the mistuning of the reflector antenna, a fact early discovered
experimentally. In order to make experiment definite it is necessary
to fix on a standard relation between the ether electric field and the
reflector antenna current produced by it. This relation is preferably
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that of cophasing. The reactance of the reflector is then zero and the
current and field phases are identical. Various methods of setting a
correct tune were tried. If the reflector is tuned, when near a maxi-
mizing position, by observing the receiver meter, the angle 0 then
varied to improve the maximum, the antenna retuned, 0 readjusted
and so on, the correct tune should be obtained in the limit. Possibly
owing to the unavoidable effect of the operator on the tuning of the
antenna the method proved unsatisfactory. On the other hand, the
same process applied to radial maxima determinations proved satis-
factory.

The next method tried was that of observing the receiver current
as the reflector condenser was varied over its scale. If 0 is off on one

RO

111B1111111

!!!=11111111
111111111111
.1111111111MEII

IIIME11111111M
MINNIINSINMEM=
MMO.FAIIIME

so 84 se
REfLECTOR CONDENSER DIAL

Fig. 7

side of the proper value the resulting resonance curve is character-
istically unsymmetrical; if 0 is off on the other side the same resonance,
but with a mirror inversion, results; with 0 correct the resonance curve
becomes symmetrical. These curves, one of which is given in Fig. 7,
checked properly with the theory. However, the accuracy of tune was
again insufficient.

Another method of obtaining a reflector tune is by observing its
effect on the generator tune, itself due to the transmitter antenna
constants. A very sensitive one, too sensitive in this case, is to note
the generator frequency variation as an audible beat with a second
oscillator. Theoretically, positions can be found where the reflector at
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exact resonance (reflector reactance zero) can introduce only resistance
into the generator circuit,5 and if the resultant coupling is not too great
this introduced resistance will only slightly affect the generator fre-
quency. Under these circumstances the beat note will be identical
with that when the reflector antenna is removed to infinity. This
method was quite unworkable here, the frequency change being some
70 kc. However, the wavemeter used(' was very sharply selective and
would indicate a frequency change of 1 part in 2000 without trouble
and seemed available. The results were again not encouraging and
this method was abandoned.

A meter in the center of the reflector antenna will indicate resonance
but not without a certain error. Thus if we write for the reflector
current

we have

E E
I =R-FiX, 10=Te

AIL -1 K
/0 N/R2+ X2

where K is the fractional drop in the current off tune. Further, arg
{i/E} = -6= - tan-iX/R and from this we obtain the table

a

0.005 5.74 deg.
0.01 8.11
0.015 9.94
0.02 11.48
0.03 14.07
0.04 15.78
0.05 18.18

and for a given value of K, detectable in the reflector meter reading,
the phase angle variation over which the observations may lie is twice
the corresponding S. Tuning at a distance of 1.5 meters and reading a
sluggish meter is unlikely to give values of 25 less than app. 12 deg.
This error must be countered by averaging numerous observations.

It is, of course, not necessary to have driving field and reflector
current in phase provided we know their phase difference. Thus we
may tune for 0.7 of the resonance current, on either side, where re-
sistance equals reactance and 3 = 45 deg. Two advantages seem pre-
sent, viz.: the steeply rising resonance curve makes an accurate
setting possible, and, by tuning on the lagging side, some of the lead of
16 may be cancelled allowing measurements on a smaller value of the
radius d. The feasibility of this method is yet to be tried.

5 For two Hertzian doublets the first two positions are d =0, d =0.713X.
5 Described in Bell System Tech. Jour., 7, 417; 1928.
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Lastly, the setting of 0 is not an accurate process. The change in
receiver current per degree of rotation of receiver antenna is almost
unobservable, and when masked by vibrations produced by ever pre-
sent winds is a difficult measurement. Again an average of a number
of readings becomes necessary.

For radial maxima the procedure of plotting current vs. distance
curves is easily accurate enough for radii in back of the operating
antenna. Radii approaching right angles do not have as sharp maxima

Fig. 8

however. As mentioned earlier either method is good for large values
of d/X, only the angular maxima are accurate for the smaller d/X
values.

The experimental arrangement, pictured in Figs. 11 and 12, con-
sisted of a generator and a receiver each mounted on tripods so as to
bring the centers of the (always vertical) antennas 2.5 meters above
ground. The generator used a UX852 tube,' had a frequency range of
4 to 8 meters, and was battery driven, the power wires being led out
horizontally for a distance of 7 meters before dropping to the battery

7 Substantially the same generator as shown in Bell System Tech. Jour., 7,
408; 1928.
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cabinet. Two filters separated this power cable into three parts. The
plate power averaged 540 volts X0.05 ampere.
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The receiver was a simple "push pull" vacuum -tube voltmeter using
two 215A "peanut" tubes with a microammeter in their common plate
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lead and was stationed at approximately 31 meters from the generator.
The reflector antenna was mounted either on a radial carriage and
track or on a rotating arm, both operated at a distance by means of a
cord and pulley system. All three antennas were as nearly identical as
possible, and were each tuned by means of a small three turn, 4.7 cm
diameter, copper tube inductance unit with cutdown Remler condenser
connected across it, this antiresonant circuit being mounted in the
center of the antenna. The overall antenna length was 106.6 cm or
approximately 52 per cent of the corresponding half wavelength res-
onator. The wavelength used varied slightly from day to day,
averaging 4.34 meters.

The first results obtained were radial (receiver) maxima, and were
found by plotting radial distance versus receiver current curves and
locating the maxima and minima graphically. The operator sitting at
a distance of seven meters read the receiver current by means of a field

Fig. 11

glass. These maxima and minima are plotted in Fig. 8, the circles being
observed values and the full curves the theoretical Hertzian doublet
co- and antiphase lines of Fig. 6. The fit is within experimental error;
moreover, the first observational maxima values lie, correctly, be-
tween the first cophase line and the generator point.

The next results were obtained by means of angular maxima about
the generator, the receiver current being carried back to the operator
by leads lying on the ground. Meanwhile experiments leading to the
determination of a definite tune were carried out. The results are
plotted in Fig. 9, the circles being observations, and the continuous
curve the theoretical Hertzian doublet phase angle. The scattering is
marked, since all results are included irrespective of method of tune.
In Fig. 10 the tuning has been done as carefully as possible by means
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of a reflector antenna ammeters and the scattering much reduced. As
mentioned earlier, it is to be expected that the dispersion will cover a
12 deg. band.

The observations of Fig. 10 are plotted on Fig. 6, and the fit of
experiment with theory is again close. Since the theoretical Hertzian
doublet expressions will be unquestionably valid at great distances we
may conclude that from infinity to 0.33 wavelength spacing between
antennas which are substantially half the resonant linear conductor
length, the phase angle between driving and reflector antenna currents
is that calculable from the theory of the Hertzian doublet. Unfor-
tunately, the onset of winter prevented measurements of at spacings

f

Fig. 12

less than 1/3 wavelength. As shown by Figs. 6 and 8 this is very
nearly the optimum spacing between a driver and reflector antenna
for maximum effect when both antennas are of equal length, and not
1/4 wavelength as has often been assumed. If Tatarinoff's 7/2 value
of 4) for great distances is a lag, then his published curve will be the
dotted one on Fig. 10. His angular maximum observation at 1/4
wavelength spacing (Fig. 10) is hard to explain.

The dependence of these results on the wavelength has not been
determined. Theoretically no such dependence is to be expected for

$ A 600 -ohm carbon filament thermocouple was tapped across 1/6 of a turn
of the tuning coil, and the thermocouple current read by means of a Weston
Model 301 microammeter symmetrically mounted with respect to the antenna
halves.
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systems the scale of which is proportional to the wavelength. The
effect of the ground is also unknown, but it is not believed that it was
dominant. The polar diagram of the generator without reflector was
taken at a rather close range, and when the fixed radius brought the
measuring antenna near to the direct -current power down leads a bad
hump was noticed. By roughly determining the ratio of driving
antenna current to down lead current it was found by computations
that the probable error introduced, at the spacings actually used, was
less than the errors of tuning and setting of 0. The angular range of
the reflector antenna arm was 180 deg., and over this range the re-
flector antenna meter showed no change. The use of an anti -resonant
central antenna tune should not introduce error as compared with the
preferable series tune, the latter not so readily tapped for meter
operation.

-+-410>-40-COIN--+
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THE PROPAGATION OF LOW POWER SHORT WAVES
IN THE 1000 -KILOMETER RANGE*

BY
K. KROGER AND H. PLENDL

( Division for Radio and Electrical Engineering, German Experimental Institute for Aeronautics,Berlin-
Adlershof, , Germany)

Summary-A description is given of a series of experiments carried out
between two ground stations, and between an airplane and a ground station, to
determine whether it is possible to obtain with relatively low power reliable short-
wave communication over distances of 600 km, or more. Continuous -wave trans-
mitters supplying a constant power of two watts were employed throughout the
experiments. Results at fixed distances are recorded and discussed, particularly
with regard to fading in summer and winter. An airplane installation, operating
into a fixed dipole antenna is described, and the results of a large number of obser-
vations at ground receiving stations, of the signals received from the airplane in
flight are presented.

IN earlier communications,' the Division for Radio and Electrical
Engineering of the German Experimental Institute for Aeronautics
has already pointed out the advantages offered by the use of short

waves for radio communication in aerial transportation, as compared
with long waves which have been used exclusively up to the present.
The first experiments showed immediately that the long ranges which
could be covered by equipment of relatively small dimensions and
weight constituted some of these advantages.

It is true that there were available a large number of investiga-
tions2 regarding the propagation of short waves over very long dis-
tances. However, the distances to be considered in connection with
present air traffic are those up to about 500 km and in exceptional
cases up to 1000 km, which must be covered continuously by the
radio equipment on board the aircraft. Systematic investigations of
the wavelengths suitable for this purpose, and of the power of the
transmitting stations required, have not been published hitherto.

* Dewey decimal classification: R113. Original manuscript received by the
Institute, January 10, 1929. Translation received February 19, 1929. Communi-
cation of the "Deutsche Versuchsanstalt fur Luftfahrt" (German Experimental
Institute for Aeronautics, Berlin-Adlershof, Division for Radio and Electrical
Engineering).

1 H. Fassbender, K. Kruger and H. Plendl, Naturwissenschaften, 15, 357,
1927. H. Plendl, Zeits. f. tech. Physik, 11, 456, 1927. H. Fassbender, Luftfahrt-
forschung, 1, 121, 1928. IC Kruger, H. Plendl, Jahrb. d. drahtl. Tel., 31, 169, 1928.
Experiments with short waves during the trip of the airship Graf Zeppelin to
America, E. T. Z., 50, 16, 1929.

2 References to existing literature to be found in: A. Sacklowsky, E. N. T.,
4, 62, 1927. R. Mesny, Les Ondes Electriques Courtes, Paris, 1927. R. Mesny,
L'Onde Electrique, 76, 129, 1928. L. W. Austin, Pxoc. I. R. E., 16, 348; March,
1928.
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The Radio Division, under the supervision of Prof. Dr. H. Fass-
bender, therefore took upon itself the task of investigating these prob-
lems. Most important was the question whether it would be possible
to cover the entire range of distances continuously with a single wave-
length, or with a band of wavelengths of a certain width, without
communication being impaired to any appreciable extent by the
phenomenon of weakening zones.

Another problem was the determination of the influence of the
power, and of the time of the day and the season, on the propagation
of these waves.

EQUIPMENT

Table I lists the equipment used in the present experiments.
The Lorenz set, mentioned under No. 1 of the table, generates its

high -frequency energy in a single quartz -controlled stage. The low
limit of its wavelength is therefore about 40 m, as quartz crystals
which are reliable in operation can be manufactured, with the means
available at the present time, only for wavelengths down to this value.
Signals are sent by the interruption of the anode voltage, so that the

Fig. 1-Short-wave Transmitter for Airplanes. Design DVL-Telefunken
(improved type).

oscillation of the quartz must start anew each time the key is pressed
down. This system of signalling has two drawbacks: The impulse at
starting under certain conditions will excite one of the secondary
waves of the quartz which often appear in crystals of small size, instead
of the primary wave; this causes a sudden change in the tone in the
receiver, or even inaudibility. Furthermore, the slight change in
frequency which may easily occur at the beginning of the oscillation
is made evident at the receiving end in a disturbing manner as a change
in tone, especially at high speed.
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In order to eliminate these drawbacks, the 2 -watt short-wave
transmitter for airplanes, mentioned under No. 2 in Table I, was first
developed. This set consists of two stages, according to wiring scheme
b (Table I). The first stage is controlled by a quartz crystal and has a
wavelength range from 40 to 80 m. In the second stage, the quartz
frequency is doubled, the low limit of the wavelength being consequent-
ly reduced to 20 m. In this set signalling is done in the anode voltage
(about 200 volt) of the frequency -doubling stage, the quartz -controlled
stage being constantly in the condition of oscillation. The superposed
tone produced in the receiver by such a transmitting set is perfectly
pure and has a constant frequency; therefore it is easily distinguished
from the disturbing noises and is very suitable for high speed telegraph-
ing. This advantage would also be obtained if, in the keyed second
stage, a power amplification of the quartz frequency were provided,

antenna

+4
4 4

+4

Fig. 2-Basic Wiring Diagram of Short-wave Transmitter for Airplanes, Quartz -
Controlled Type with Duplication of Frequency. Design DV L-Tele-
f unken.

instead of the doubling of the frequency. In this case, however, because
of the amplifier circuits tuned to the quartz wave, the coupling would
be too large between the antenna and the quartz stage that continues
to oscillate during the intervals of the transmission, that is, when the
key is released. When such a transmitter is being operated, the super-
posed tone in the receiver during the intervals consequently would not
disappear, but only decrease in intensity. This, however, would im-
pair the legibility of the signals.

The quartz -controlled first stage can also be used independently,
but in this case the drawbacks referred to in the beginning of this
article make themselves felt. The higher cost entailed in the ekmina-
tion of these drawbacks by the addition of a doubling stage is in general
well spent, for operation sets. Therefore, the quartz control and the



1300 Kruger and Plendl: Propagation of Short Waives in the 1000 -kin Range

doubling of the frequency were combined in a single cabinet, in the
improved type of short-wave transmitter for airplanes (No. 3 in Table
I). The range of wavelengths of the doubling stage is from 30 to 70 m.
Fig. 1 shows a view of this apparatus and Fig. 2 the basic wiring dia-
gram of the latter.

The reception in the airplane is made relatively difficult by the
disturbances caused by the running motor, such as the noise of motor
and propeller, vibrations and ignition sparks. A good short-wave
receiver for airplanes must therefore have special requirements. With
a minimum weight and space, it must give very strong amplification
in order to be able to exceed in intensity the disturbing noises reaching
the ear from the outside. Furthermore, it must be soundly built and
protected against acoustic influences, in order to prevent the ever
present mechanical and acoustic vibrations from exerting a disturbing
influence on reception. Especially as regards the inevitable noise of

Fig. 3-Short-wave Receiver for Airplanes. Design DVL-Telefunken.

the ignition, it is important to obtain a pure constant tone in recep-
tion, which can be well distinguished from its background. If this
condition be fulfilled, reception in a flying plane is still possible even
when the intensity of the signals occasionally drops somewhat below
the relatively high level of the disturbances.

For the major part of the reception observations made in the air-
plane, the receiver mentioned under No. 5 was used. The latter is a
special form of the "Telefunken" receiver for large stations; it is
different from the latter insofar as it was provided with a third low -
frequency amplification stage, instead of the heterodyne, and instead
of a copper cabinet, with a lighter one of aluminum. This receiver
generally gave satisfactory results, but it did not produce a pure
superposed tone due to the vibrations of the airplane. Passing through
certain intermediate types, the development led to the short-wave
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receiver for airplanes mentioned in Table I under No. 6 and shown in
Fig. 3. This receiver, while possessing the same sensitivity, represents
a great improvement in weight and space; also, it is considerably less
sensitive to vibrations.

The investigations discussed in the next chapter not only served
the purpose of collecting data by observation concerning the pheno-
mena of propagation but also that of developing and testing the
apparatus described above.

PROCEDURE OF THE EXPERIMENTS AND RESULTS

In order to solve the problem stated above, it was necessary to
sub -divide the experiments in the following manner.

For constant distance, the intensity of the signals in relation to the
time of day was observed with different wavelengths as the parameter.
Moreover, different airplane antennas were compared in this respect.
The transmitter power was 2 watts in most cases.

The influence of varying distance on the intensity of the signals was
investigated with different wavelengths as the parameter. In general,
these observations were made exclusively in broad daylight throughout
the whole distance. They were spread out over a whole year. The
antennas used in these experiments were always horizontal dipoles.
(a). Experiments with Constant Distance

These experiments were made for the major part by two ground
stations, one being situated in Berlin-Adlershof, the other one in Mu-
nich. The distance between these two stations was 500 km. Adlershof
was generally the transmitting station, while the reception was ob-
served in Munich. In order to keep the transmitting station in Adlers-
hof continuously informed about the results of the reception, there
had been installed in Munich, beside the receiver, a small 2 -watt
transmitting set which could, upon request, pass on the information at
once. For the purpose of comparing airplane antennas, local flights
over one of the two stations were made, while the other station ob-
served the reception; in this way, the distance between transmitter
and receiver remained practically constant.

The transmitters used during these experiments were installed in
Adlershof in the main building of the Radio Division, whose equip-
ment has been described in previous publications.' Insofar as Adlershof
had to deal with observations of the reception, these were made in a
small isolated reception building, in order to prevent disturbances.
This small building was connected with the main building by means of

3 See footnote 1 and also H. Fassbender, Jahrb. d. drahtl. Tel., 30, 173, 1927.
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a double conductor, so that the transmitters could also be operated
from this observing station.

In Munich, the apparatus was also located in a special small
building.* The antenna was here, in the same way as in Adlershof, a
horizontal dipole with a length of about twice 8 m, and with bifilar
conduction of energy.

The experiments between the two ground stations were primarily
for the purpose of collecting data on the behavior of different wave-
lengths during different hours of the day. It was desired to ascertain
if and by what means suitable communication during the daytime
could be established over a distance of 500 km, with outputs of from

Results of Reception at Constant Distance (500 km)
Power of Transmitter about 2 watts

day night

2 v d 40 42 14 16 15 20 22 Uh," IrOIII I i IIIIIi111111IIIIII
IMO

JA s!u

very suitable for
oommunioation SA- SUWISO

unsuitable for ju sunset
oommtmioat ion

Fig. 4-Graphic Presentation of the Results Obtained with Reception at Con-
stant Distance.

1 to 10 watts. The wavelengths used varied between 30 m and 65 m,
the transmitters functioning exclusively with undamped telegraphy.

Fig. 4 shows part of the results of these experiments for the three
wavelengths principally used, namely, 37.2 m, 48.6 m, and 65.2 m.
The black portions of the bars indicate the hours during which it was
possible to use these wavelengths for communication, whereas during
the hours indicated by white portions of the bars, no communication,
or only a very faint one, was obtained. The data represented here

4 This small building was located on the premises of the "Electrotechnische
Versuchswerkstatte G.m.b.H." (Workshops for electrical experiments) which
also supplied the equipment required, such as anode storage batteries, heating
batteries, etc.
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relate to the middle of April. They vary with the season, in connection
with the change in the length of the day. The figure merely represents
a diagrammatic condensation of a large number of experiments and
does not claim to show quantitative values.

It is interesting to note that the limits of the fading and the
reappearance of the short waves, as shown in the figure, are relatively
very distinct.5 The transition from a large volume of sound to near
inaudibility generally takes place in a few minutes. At this time recep-
tion suddenly wavers greatly, that is, the frequency of fading increases
many times, while the amplitude of the signal intensity decreases
rapidly. In this critical period, the intensity of the reception fluctuates
in the course of a few seconds, and sometimes in the course of fractions
of seconds, in the ratio 1: 1000 and more.

Brief variations in the intensity also occur frequently at other
hours, especially around noontime, but to a considerably lower degree,
about 1:10 and more rarely 1:100 read on the measuring instrument.
Because of the logarithmic sensitivity of the ear, variations in inten-
sity in the ratio 1:10 have but little influence on the audibility. At
other times, especially during the evening and night hours, the inten-
sity of reception varied only within narrow limits, about 1:1.5 and in
several cases even a perfect constancy of the signal intensity for several
hours was observed on the rectifier measuring instrument.

An essential impairment of the reception by atmospheric disturb-
ances could hardly be found during any of the observations, provided
there were no indications of a thunderstorm in the immediate vicinity
of the observing station. The intensity of the signals amounting to
from 2 to 8 ma, and even to a maximum of 30 ma, was in general
considerably above the level of atmospheric disturbances, the latter
being seldom higher than 0.05 ma. On the other hand, temporary
disturbances of local origin (commutator sparks, ignition sparks, etc.)
were annoying, but could be eliminated to a large extent through
proper selection of the location of the observing station.

A picture of the wave propagation phenomena can be obtained in
the following manner.

The failures in reception occurring in some places during the night
and in the early morning hours, for shorter waves (37.2 and 48.6 m in
Fig. 4) are evidently caused by a shift in the minimum distance re-
quired for the return of the space wave to the surface of the earth, that
is, by a displacement of the "skip distance" away from the sender,
during the night. This phenomenon may be imagined as being caused
by the fact that during the night the space wave due to the less in -

5 See also R. A. Heising, PROC. I. R. E., 16, 75; January, 1928.
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tensive ionization of the lower layers, is refracted at a greater altitude
than during the daytime. The diagram in Fig. 5° visualizes this phe-
nomenon. The lower boundary of the Heaviside layer during the night
gradually shifts upward from I to III, so that the innermost wave
belonging to the skip distance shifts from A to C. At a certain mo-
ment, this limiting wave passes the location B of the receiver, the
result being a rapid decrease in the intensity of the tone. In the morn-
ing, the process is reversed, the result being a correspondingly rapid
increase in the intensity of the tone received at B. Therefore, it is not
necessary to assume that the sudden variation in the intensity of the
sound during fading and the reappearance of the wave is caused by a
correspondingly rapid variation in the altitude of the Heaviside layer.

Contrary to the waves with a short length so far considered, for
which the reception is suspended during the night or in the early
morning hours, the moments when the somewhat longer waves fail
(for example those of 65 m in Fig. 4) occur around noon. The transition

Lamer Boundary of
Biavisido Layer

Tranonittor

A 8 C
Fig. 5-Diagram of the Boundary Wave of the Fading Zone.

differs here from that occurring in the case of shorter waves, in that it
is gradual. This difference must be ascribed to the fact that with
increasing wavelength, the guided wave becomes active at points far-
ther and farther away, while the innermost limit of the space waves
shifts toward the sender, so that space wave and guided wave overlap.
Therefore, fading zones, which were the cause of the sudden variation
in tone intensity, as shown above, do not occur here any longer.

A similar result as obtained by the experiments described above
between the two ground stations was also obtained by numerous local
flights above Berlin-Adlershof and above Konigsberg in East Prussia,
these flights being made during different times of the day and also dur-
ing the night. In this case, the transmission occurred with different
waves from the airplane while the latter was in the air, and the recep-
tion was observed in Munich, the distance being about 500 and 1000

6 For the sake of simplicity, simple reflection of the waves has been shown in
the figure. Furthermore, it has been assumed, also in order to simplify the matter,
that the critical angle does not vary perceptibly with the time of the day.
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km, respectively. It was proved by these experiments that the results
obtained with experiments between the ground stations also applied to
a great extent to communication between an airplane and the ground.
Furthermore during the numerous ascents and landings there was no
perceptible difference in reception where the plane transmitted from
the ground or from the air. Also, there was not found to exist any essen-
tial difference caused by the altitude' at which the airplane was flying
during its transmission.

Furthermore, during these local flights, comparisons were made be-
tween different kinds of transmission antennas. The dipole always used
in other cases was compared with a one -wire trailing antenna which
was excited in one quarter or three quarters of a wavelength respec-
tively. It was shown that the tightly strung dipole was essentially
superior as to constancy of frequency, that is purity of superposed
tone in the receiver, to the trailing antenna whose position is never

Allank101111111W.
awl" It

Fig. 6-Airplane with Dipole for Short Waves.

entirely stable. With regard to the intensity of tone, the three-quarter
wavelength trailing antenna was slightly superior to the dipole, while
the one -quarter wavelength trailing antenna was considerably inferior.

(b) Experiments with Varying Distance

Whereas the previous chapter dealt mainly with investigation on
the propagation of short waves as a function of the time of day, the
experiments described below had for their purpose the determination
of the influence of the distance between transmitter and receiver on
the intensity of the tone in the receiver. Metal airplanes of the Junkers
F-13 type were available for this purpose,8 equipped with dipole

A similar result was also found for long waves (900 m), see F. Eisner, H.
Fassbender and G. Kurlbaum, Jahrbuch der drahtlosen Telegraphie, 1909, 31,
1928. It is true that this condition changes when there are mountain ranges
within the distance over which transmission takes place, whose shadow may
exert a considerable influence on the long -wave communication. With short-wave
communication, however, interposed mountain ranges cannot cause any distur-
bance, as the space wave which is the most active one bridges these mountains
independent of the altitude at which the airplane is flying.

8 Experimental flights were also made in a Dormer-Wal airplane whose
wings were covered with fabric.
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antennas and corresponding interior equipment. The outside view of
an airplane of this kind is shown in Fig. 6, while a view of the interior
with the newly developed short-wave transmission and receiving
apparatus for airplanes is shown in Fig. 7.

Numerous overland flights in different directions were made with
these airplanes within the German frontiers and transmission from the
airplane occurred mainly with undamped waves and a power of 2
watts. The observation of the reception was always taken care of in
Adlershof, and often at the same time in Munich. As Adlershof was
the starting and finishing point for all flights, the longest distance
within Germany was limited to about 600 km when the reception was
observed in Berlin. In order to be able to extend the experiments to

Fig. 7-Short-Wave Equipment in Airplane.

longer distances, without having the planes go outside the frontiers of
Germany, several flights were made to Konigsberg and Tilsit, in which
cases the reception could be observed in Munich for a maximum dis-
tance of more than 1000 km. In addition to the 2 -watt transmitter,
a receiver was always taken on the flights, this receiver serving both
for checking the transmission and for communicating with the two
observing stations. During each of these overland flights, the trans-
mitter on the airplane was kept in continuous operation. The key was
operated automatically by means of a signal transmitter driven by
clockwork. In addition to this, reports were transmitted on the posi-
tion of the airplane and on the weather.

Fig. 8 shows the results of the observations in relation to distance,
the receiver always being placed at a distance 0, while the airplane
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TABLE II
LIST OF OVERLAND FLIRHT8

Serial
No. Date Time of Day

x
Meters Distance Covered by Flight

Observing
Station

1 June 2, 1928 12:00-13:30 27.6 Konigsberg-Danzig Munchen
June 6, 1928 11:15-17:45 27.6 Danzig-Adlershof

2 June 2, 1928 12:00-13:30 27.6 Konigsberg-Danzig Adlershof
June 6, 1928 11:15-17:45 27.6 Danzig-Konigsberg

3 April 25, 1928 9:00-14:30 32.6 Adlershof-MCInchen Adlershof
4 April 25, 1928 9:00-14:30 32.6 Mtinchen
5 April 27, 1928 9:00-14:45 32.6 Mfinchen-Adlershof
6 April 27, 1928 9:00-14:45 32.6 Adlershof
7 June 1, 1928 10:15-18:30 32.6 Adlershof-Konigsberg '
8 June 1, 1928 10:15-18:30 32.6 Munchen

9 March 19, 1928 9:00-15:00 37.2 Adlershof-Konigsberg Adlershof
10 March 19, 1928 9:00-15:00 32.6 Munchen
11 March 23, 1928 9:15-21:45 32.6 Konigsberg-Tempelhof
12 March 23, 1928 9:15-21:45 32.6 Adlershof
13 July 11, 1928 9:30-17:30 32.6 Adlershof-Friedrichshafen
14 July 13, 1928 9:30-12:30 32.6 Ftirth-Adlershof

15 September 28, 1927 13:15-16:45 40.0 Norderney-Adlershof Adlershof
16 February 18, 1928 11:15-12:30 40.0 Hamburg-Adlershof
17 February 27, 1928 13:00-17:00 40.0 Adlershof-Dansig

February 28, 1928 10:15-13:15 40.0 Danzig-Tilsit
18 February 27, 1928 13:00-17:00 40.0 Adlershof-Dansig Munchen

February 28, 1928 10:15-13:15 40.0 Danzig -Tilsit
19 March 6, 1928 10:00-15:00 40.0 Adlersbof-Munchen Adlershof
20 March 6, 1928 10:00-15:00 40.0 Adlershof-Munchen Munchen
21 March 8, 1928 12:00-15:45 40.0 Manchen-Schkeuditz "
22 March 8, 1928 12:00-15:45 40.0 Adlershof

March 9, 1928 9:30-11:00 40.0 Schkeudits-Adlershof
23 July 26. 1928 9:30-17:15 40.0 Adlershof-Koln
24 June 27, 1928 9:45-13:15 40.0 Koln-Adlershof
25 July 18, 1928 8:30-12:30 41.6 Adlershof-Munchen Adlershof
26 July 19, 1928 10:00-14:30 41.6 Munchen-Adlershof
27 July 31, 1928 9:30-16:00 41.6 Adlershof-Koln
28 August 1, 1928 10:00-13:45 41.6 Koln-Adlershof

29 August 24, 1927 13:30-14:45 46.3 Adlershof-Leipzig Adlershof
30 August 24, 1927 14:45-15:45 46.3 Leipzig Adlershof
31 August 29, 1927, 10:00-12:30 46.3 Adlershof-Hannover
32 August 29, 1927 15:15-17:00 46.3 Hannover-Adlershof
33 August 31, 1927 9:30-14:15 46.3 Adlershof-Kbln
34 September 1, 1927 11:30-18:15 46.3 KOln-Adlershof
35 September 7, 1927 11:00-15:30 46.3 Adlershof-Mfinchen
36 September 9, 1927 13:45-18:30 46.3 Mfinchen-Adlershof
37 October 13, 1927 10:45-17:15 46.3 Essen-Adlershof Airplane be -
38 October 13, 1927 10:45-17:15 46.3 tween Stolp
39 February 16, 1928 10:15-13:30 46.3 Adlershof-Hamburg and Adlers-

hof

40 October 7, 1927 11:00-13:30 49.8 Adlershof-Hannover Adlershof
41 October 7, 1927 15:45-17:45 49.8 Hannover-Adlershof
42 October 12, 1927 12:00-17:30 49.8 Adlershof-Essen Airplane be -
43 October 12, 1927 12:00-17:30 49.8 ' tween Stolp

and Konigs-
berg

44 August 3, 1928 10:15-14:30 49.8 Adlershof-Konigsberg Adlershof
45 August 4, 1928 7:00-11:15 49.8 Konigsberg-Adlershof
46 August 6, 1928 11:00-17:00 49.8 Adlershof-Friedrichshafen
47 September 5, 1928 10:00-16:00 49.8 Friedrichshafen-Adlershof
48 October 2, 1928 9:15-17:30 49.8 Adlershof-Fehmarn
49 October 3, 1928 10:00-15:15 49.8 Fehmarn-Adlershof
50 August 8, 1928 9:15-15:00 52.7 Friedrichshafen-Adlershof Adlershof
51 September 4, 1928 7:15-13:45 52.7 Adlershof-Friedrichshafen

52 March 1, 1928 10:15-15:00 55.2 Konigsberg-Adlershof Mftnchen
53 March 1. 1928 10:15-15:00 66.2 Konigsberg-Adlershof Adlershof
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transmitter must be considered as moving in the direction of the
abscissa. Each observation of an overland flight corresponds to a
horizontal bar, the bars indicated by A having been plotted in Adlers-
hof, those indicated by M in Munich. The bars are numbered.contin-
uously and arranged according to the wavelength. The black portions
in the diagrams correspond to reception very suitable for communica-
tion; the cross -hatched portions indicate wavering uncertain reception
and the white portions represent the range of distances where reception
fails. Further data concerning the individual flights, such as date,
time of the day, and course, are given in Table II.

A review of the diagrams shown in Fig. 8 shows clearly the essential
difference between the shorter and the longer waves within the range
of 27 to 55 m. The shorter waves, below about 38 m, show distinct
fading zones, whereas they come over in a satisfactory manner over
longer distances. For wavelengths between about 40 m and 46 m, the
fading zones occur only exceptionally, so that the chance of good
communication increases for the shorter distances. For longer waves,
with a length of 50 m and over, no fading zones are perceptible any
longer. This wave band (around 50 m) therefore proved to be suitable
for constant communication over a range of distances up to about 600
km.

This favorable result obtained with the 50-m band was confirmed
by a number of overland flights not mentioned in Fig. 8, during which
the signal intensity of a transmitter located on the ground was observed
by means of a receiver on the airplane. This transmitter operated, in
the majority of the cases, with undamped waves of 48.5 m, or with
waves having a length close to tbis, and with an antenna power of about
60 watts. Four of these flights extended over a distance of 600 km,
and an equal number over a distance of 300 to 450 km. In these cases,
a satisfactory signal intensity, without fading zones, could be observed
with receivers of sufficient sensitivity (audion and 3 A.F.)

Ac -cording to Fig. 8, the fading zones for the waves of 27 m and 32
m occur between about 100 and 400 km. The two boundaries of these
zones have an entirely different behavior. Whereas for the inner
boundary the reception grows weaker in a gradual manner, there
occurs in the case of the outer boundary an abrupt change in the tone
intensity corresponding to the sudden action of the space wave. There
is not always a complete extinction of the reception in the fading zone;
rather it happens that the transmitter, even with such a low power as
2 watts, remains faintly audible all the time. In principle, it is impos-
sible to indicate definite boundaries for these zones, as shown by the
example of observation No. 6 in Fig. 8. In fact, in the middle of the
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range which had appeared to be, in all other observations of this wave
band, a pronounced fading zone, there was obtained good communica-
tion over a long distance (about 120 km).

It must be assumed that the zones of strong weakening or entire
lack of reception observed for a transmitting power of 2 watts would no
longer have any disturbing effect if the power were sufficiently in-
creased, in the ratio of about 1:1000 to 1:10000; this assumption is
based on experience previously gathered'' with high powers (8 kw). The
experiments made at the time with high powers showed that even with
considerably shorter wavelengths (15, 18, and 28 m), there cannot be
found any absolutely dead zones, this being in contrast with the
results obtained by Reinartz, Taylor-Hulburt, and Heising.9 The only
result was that zones of strong weakening of the reception intensity
were observed, this being in accordance with the investigations of
T. L. Eckersley," published at about the same time, which, in addition
to similar results obtained by observations, contain a theoretical ex-
planation of these phenomena.

For the wave with the next greater length of 37 m, the results of
the observations were very inconsistent. Whereas in the cases 9 and
12 the reception was always free from weakening, cases 13 and 14
showed spots where the reception was uncertain. The discrepancy may
have been caused by the difference in seasons, as the former observa-
tions were made at the end of March, the latter in the beginning of
July.

In the adjacent wave band of 40 to 46 m, about twenty observed
flights gave weakening zones in only three cases, the longest distance
being 90 km. In this connection, it must be observed that both at the
transmitting and the receiving end, exclusive use was made of horizon-
tal dipoles. More recent experiments, however, seem to indicate that
the weakening zones mentioned above would not be so pronounced if
vertical antennas or a combination of different kinds of antennas were
used at the receiving end.

With the exception of these three cases where weakening zones were
observed, these waves and especially the 50-m wave continuously gave
a large volume of tone at the reception end resulting generally in a
pure loud speaker reception. It was always possible to obtain distinct

9 Reinartz, QST, 9, 9, 1925. A. H. Taylor, PROC. I. R. E., 13, 677; Decem-
ber, 1925. A. H. Taylor and E. 0. Hulburt, QST, 1, 13, 1925. A. H. Taylor and
E. 0. Hulburt, Phys. Rev., 27, 189, 1928. E. O. Hulburt, Int. Franklin Institute,201, 597, 1926. R. A. Heising, J. C. Schelleng, and G. C. Southworth, PRoc.
I. R. E., 14, 613; October, 1926.

10 T. L. Eckereley, Jour. I. E. E., 65, 600-644, 1927; compare also A. H.
Taylor, PROC. I. R. E., 15, 707; August, 1927.
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and easily measurable deflections of the rectifier measuring instrument
after the two low -frequency amplifying stages of the receiver.

The average course of events with regard to the signal intensity
observed was about as follows. When the airplane, equipped with the
transmitter, moved away from the observing station, the signal inten-
sity decreased in the first 20 km from about 15 ma to 5 ma; thereafter
it remained at this amount during the entire remaining part of the
flight up to a certain critical distance. With the tubes used in the
measuring apparatus, this deflection corresponded to a great volume
in the loud speaker reception, without being impaired by the outside
disturbances. When this distance was exceeded, the signal intensity
decreased rapidly, but it always remained sufficient for reception
by means of a head set. This critical distance has been indicated in
Fig. 8 by a vertical line. It was found to lie, for the 37 and the 40-m

waves, at about 800 km; for the 53 and 55-m waves, at about
400 km; and for the 50-m wave, at about600 km. The critical distance
therefore increases with decreasing wavelength. The width of these
critical zones was about 10 to 20 km and was covered by the airplane
in a few minutes. Both the sudden decrease in signal intensity with
increasing distance, and the equally sudden increase in signal intensity
with decreasing distance, were repeatedly observed. In the case of
observations 10 and 11 in Fig. 8, for example, the same critical dis-
tance (780 km) for the wave with a length of 37.2 m was observed both
during the outward flight and the return flight.

The fading phenomena observed during transmission from the
airplane in flight were of the same order of magnitude as those observed

for a constant distance, under normal circumstances. Within the
critical distance, for which the signal intensity was high and practically
constant, it was never found that the communication was impaired by

possibly existing fading phenomena. Only in the case where this
distance was exceeded, the effect of fading occasionally caused a
disturbance during a short period of time. The critical distance there-
fore constitutes the maximum range for communication by means of

the wave under consideration, for which continuous good reception

is certain ("maximum distance for good communication").
The observations made in the manner described above appeared

to be independent of the altitude of the flight. The signal intensity
remained unchanged whether the airplane transmitted during the
flight or, over the same distance, from the ground. In several cases
reception was still possible when the airplane, at a distance of 500 km

from the observing station, was located, together with its transmission

apparatus, in a closed shed reinforced with steel.
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In addition to the experiments described above, during which the
transmitter was located in the airplane, there was also made a series
of observations on reception on the airplane. These experiments were
intended primarily for the development of a short-wave receiver for
airplanes, and also for determining the power of a transmitter located
on the ground in order to communicate with airplanes. The wave band
of from 46 to 50 m, which had been proven to be suitable in the above
investigations, was mainly used in this connection. The experience
was collected during ten long distance overland flights, the longest
distances lying between 300 and 600 km.

When the airplane is on the ground, with its motor stopped, the
results of the observations mentioned above also apply, without fur-
ther complication, to the reception inside the cabin. When the motor
is running, however, we have to deal with the disturbances already
mentioned, which impair the clarity and relative signal intensity of
the reception. Because of these disturbances, the 2 -watt transmitter
usually will no longer be sufficient in this case: at any rate, the trans-
mitters on the ground which are intended for communication with
airplanes will be given much higher powers. However, it has been
possible repeatedly to get continuous reception in the airplane, with
satisfactory signal intensity, up to a distance of 450 km, by means of
the receiver described under No. 5 in Table I, a transmitter with a
power of 2 watts on the ground, and undamped telegraphy. In the
other cases, the transmission from the ground station occurred with
about 60 watts, the reception giving good signal intensity up to a flight
distance of 600 km.

The results thus far obtained with observations of the reception
on board the airplane in flight show that the favorable results with
waves around 50 m in length, obtained in the experiments discussed
above, also apply to this case. These observations have not yet been
concluded, however. They rather require further clarification of the
question of the power of the transmitter on the ground, sufficient to
insure dependable communication.

An important point to be considered during the further investi-
gations is the elimination of the fading phenomena. This elimination
has for its purpose the improvement of short-wave communication by
the establishment of an even signal intensity which remains constant
during a long period of time. The solution of this problem must be
sought primarily in the selection of the proper kind of antennas to be
used in the ground station.

+-1111)-111KON.-+
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FURTHER NOTE ON THE IONIZATION IN
THE UPPER ATMOSPHERE*

BY

J. C. SCHELLENG
(Bell Telephone Laboratories, New York)

ARECENT paper' by the present writer has brought from other
workers in the field a considerable amount of discussion through
the medium of personal letters. The author believes that the

objections which were in this way raised have been shown not to be
valid and that his correspondents now agree in this statement. How-
ever, it may be well to put on record certain considerations the omission
of which for the sake of brevity caused difficulty.

It was proved that the apparent height found by the "fringe"
method employed by Appleton and Barnett, Bown, Martin, and Pot-
ter, and by Heising is the same as the apparent height found by the
method of Breit and Tuve'. In the course of this proof, the following
expression for group time was used.

d
T,=-df(fT), (1)

in which f is the frequency and T, the phase time. This expression
was used instead of the usual one involving phase and group velocities
in order to avoid the difficulty brought about by the fact that differ-
ent frequency components follow different paths. No difficulty is
encountered in homogeneous media. Letting S be the distance and
U and V the group and phase velocities we have :

S

Tg=1=SAV)=FAV)=If(fTg)
* Dewey decimal classification: R113.4. Original manuscript received by

the Institute, May 18, 1929.
1 J. C. Schelleng "Note on the Determination of the Ionization in the

Upper Atmosphere," PROC. 16, 1471; November, 1928.
2 Since the writing of the paper under discussion, attention has been called

to the fact that E. V. Appleton at the Brussels meeting of the U. R. S. I. pre-
sented a proof of the equivalence of these methods based on the method of rays
and Fermat's principle. The proof given by the writer does not involve the
method of rays and Fermat's principle is not needed. Appleton's paper was
given on September 13, 1928.

In these methods, the apparent height is defined as the altitude of the
isoceles triangle whose base is the line between stations and whose sides are of a
length such that if the atmospheric wave is assumed to travel along them the
observed "fringes" and the observed group delay will be the same as that
observed. An essential part of this definition is the assumption that the path
is independent of frequency, i.e., dD/df =o, where D is the difference between the
length of the paths of the atmospheric and ground waves. It is well-known
that the path is really dependent on frequency, but this is no objection as
long as we are defining an apparent height.
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Now without further analysis it is obvious that even in the case of
non -homogeneous media, in which therefore the rays of different fre-
quencies which make up a pulse follow different paths, this expression
is still true. The group arrives at the receiver when certain phase re-
lations are established between the components. It is true that T,, is
a function of the method of wave propagation involved, but having
given T, we need not know the mechanism of propagation. The ex-
pression given above still applies.

Perhaps, however, a more formal proof will be preferred by some.
Let two sinusoidal waves pass from point A to point B by any path and
by virtue of any mechanism whatever.

Letting n = 22rf, we may represent the first wave at point A as
sin nit and the second as sin (n2t -0). The difference of phase is there-
fore

[(ni-n2)t-i-(61 (2)

At the same time t, the phase at B is less depending upon the time of
phase propagation, or the time required for a crest to travel from A to
B. The two waves at B and at time t are therefore sin ni(t-T,,) and
sin [n2(t- T )- 01. The difference of phase at B is therefore

[ni(t- TA) - n2(t - Tp2) 1 (3)
Now the time required for the group to travel from A to B is T

It is a time such that the phase differences at B at time (t+ T .), are
the same as they were at A at time t. This is true because these phase
differences determine how the waves interfere to produce the envelope
of the group. Substituting (t+ T .) for tin (3) and equating to 2, we
have [(ni - n2)t 4)]= ni(t+ T, -Tp,)-n2(t-FT .-T)+ cp. As a re-
sult we obtain

T
niTpi n2 Tp2

(4).-
ni - n2

This expression may be used for the case of any two frequencies. In
the case of narrow clusters such as those with which we are usually
concerned, it is more convenient to use differential notation

d(nT,) d(fT,)T.- (5)do df
This is seen to be identical with (1). It will therefore be seen by

reference to the original paper that the fringe experiment and the
group experiment give identical results, the identity being proved
regardless of what the mechanism will eventually prove to be. The
proof is more general than one based on ray theory, and attention
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is particularly called to the fact that Fermat's principle of least time
is not needed to prove the equivalence of the two methods.

With reference to the third method of determining the "height"
of the layer, i. e., the triangulation method, Breit and Tuve showed
that neglecting dissipation and the effect of the earth's magnetic
field, it gives the same result as the echo experiment. However, they
assumed that the group time is given by the expression Jds/U, U being
the usual function of the ionic concentration at points on the ray path
of one of the frequencies of the cluster. This expression is correct,
but it probably is not obvious in view of the fact that the ray paths
of the component frequencies of the cluster differ from each other.

In special cases of ionic distribution we may calculate the group
time by use of (1). The procedure is to calculate the phase time by
standard methods, remembering that in transmission between two
points the initial earth angle is a function of frequency while the dis-
tance is not. About a year ago the writer carried out this procedure
in the case of a linear increase in ionic concentration with height.
The result was that the method of Breit and Tuve was checked. It
was then realized that the explanation is to be found in the well
known fact that the ray path in general is one of least time' While
the different rays of the cluster follow slightly different paths, an error
of only a second order is incurred by assuming that ray (f+Af)
actually follows the path of ray f.

The error is of a second rather than of a first order because while
a slight upward shift of the path would result in a first order increase
in the distance to be travelled, it would also be accompanied by a first
order increase in average phase velocity due to the greater ionization.
The phase time is therefore not changed. This balance of course
applies only to the vicinity of the actual ray path. Since by least time
considerations we see that no error in T, or in f T, is introduced by
considering that the components travel over the same path, we need
not consider ds to be a functionof frequency. We may therefore write:

B
d ds d B fT,(fT,) = c--Xf f --) -ds
df d AV d/JA V

B f B ds
)ds = f-JA df V A U

Therefore the group time is the same as though the rays travelled
over the same path, and the method of Breit and Tuve is correct.

8 E. V. Appleton independently arrives at this conclusion in the U. R. S. I.
paper. The present proof is essentially the same, but emphasis is here placed
on the physical aspects of matter.
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AN ELECTROMAGNETIC MONOCHORD FOR THE
MEASUREMENT OF AUDIO FREQUENCIES*

BY

J. H. OWEN HARRIES
(Wireless Consultant, Frinton-on-Sea, Essex, England)

Summary-The desirable properties for an instrument for measuring fre-
quencies over the audible range are briefly mentioned and a suggested electrically
excited monochord is considered. In practice certain difficulties are found and lead
to a proposal for employing the harmonic modes of vibration of the stretched wire.
The theory of this is given, as well as the relation between the frequency response and
the position of a movable bridge. The constructional details and the method of calibra-
tion from a single tuning fork are described in turn. Miscellaneous considerations
concerning the practical operation conclude the paper.

1. FREQUENCY MEASURING METHODS

IN a laboratory in which telephony research is undertaken it is
essential that there should be some method of rapidly measuring
the frequency of any current produced, and of setting a source of

current to a given frequency.
An instrument for this purpose should have a range from 32 up to

5,000 cycles at least.
One method is to use an electrically excited tuning fork and ob-

tain harmonics from this. But the labor and 'patience required to
count up to, say, the thirtieth harmonic without error (only 480 cycles
in the case of a 16 -cycle fork) is such that the method can usually be
used only as a check, and one has to rely otherwise on the calibration
of the oscillator in use, which is not always too certain.

Another alternative is a large number of separate forks to cover
the range. This is very expensive, and does not cover the gamut of
frequencies continuously.

The author was faced with this problem and noting a brief refer-
ence' to the electromagnetic monochord decided to investigate its
possibilities.

This monochord was a stretched steel wire carrying the current to be
measured. The wire passed between the poles of a magnet, and by elec-
tromagnetic action is thrown into vibration when its natural frequency
corresponds to the frequency of the current flowing through it. A bridge
sliding along the wire adjusts the length in use, and therefore the
natural frequency. From known data the position of the bridge corre-
sponding to any frequency is found.

 Dewey decimal classification: R210. Original manuscript received by the
Institute January 10, 1929.

1 P. K. Turner, Jour. I. E. E. (Wireless Sec.) 2, No. 6, p. 205.
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The writer, however, experienced considerable difficulty in practice.
It was not easy to set the bridge accurately enough, at the higher fre-
quencies especially; and at this part of the range the wire in use became
so short that it refused to respond to the electrical excitation. Also
the exciting system given did not work, and better results were ob-
tained with an old Brown loud speaker magnet arranged to pull direct
on to the wire.

The trial of thinner gauges of steel wire, down to the sizes employed
for banjos, was unsuccessful on raising the natural frequency of the
wire (in order to lengthen the upper frequency lengths, compared with
their diameter, to get a better response) as the tensile strength decreased
far more rapidly, with decrease of diameter, than the frequency went
up.

(A) coNDAM(NTAL

NOOC

[8) SECOND HARMONIC

(C) rOuRTil HARMONIC

A

_
"1

(C.) CIOHTH HARMONIC

Fig. 1

It was then decided to try to do without the bridge and to work
on a system of harmonics as follows.

2. HARMONIC MONOCHORD THEORY

Consider a stretched wire provided with an arrangement to vibrate
it at any frequency f upwards from its own natural period fl. Now when
f =fi, i.e., when the exciting frequency is the same as the natural fre-
quency, the wire will vibrate as a whole as in Fig. 1 (a). The nodes, or
positions of no vibration, are at the ends of the wire, and the anti -node,
or position of maximum amplitude of vibration, is at the center of the
wire as shown.
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Now let f =2f1, i.e., the second harmonic of the wire is excited. For
convenience the fundamental will be considered as the first harmonic,
as this agrees with the frequency ratios. Now we have one node in the
center of the wire. Fig. 1(b).

Similarly (Figs. 1(c) and 1(d) ) we may show that if n is the num-
ber of nodes in the wire then it is vibrating to a frequency (n +1) times
its fundamental

Further, if we know any harmonic frequency of the wire and the
number of its nodes, we can find any other response frequency from
the relation

f=f1(n+1) (1)

where f is the harmonic frequency.
By this means we may find the frequency of each harmonic re-

sponse of the monochord as we raise the exciting frequency from II
upwards. The nodes are easily counted by running a finger nail or
a piece of metal up the wire, and counting the times the harmonic
becomes audible (as the indicator passes a node and does not interfere
with the vibration).

A specimen calibration table is shown for the monochord about to
CALIBRATION TABLE

1/16 in. diam., 5 ft. wire 1/32 in. diam., 16 in. wire
Harmonic Frequency Harmonic Frequency

Fundamental 32.625 Fundamental 261
2 65.25 2 522
3 97.875 3 783
4 130.5 4 1044
5 163.125 6 1566
6 195.750 7 18278 261 8 2088

9 2349
10 2610
11 2871
12 3132
13 3393
15 3915
18 4698

be described. The harmonic points given were found sufficient for all
ordinary purposes.

3. THE USE OF THE BRIDGE

In general a series of points obtained from one standard tuning
fork in this manner is sufficient, but there is also the method of ob-
taining a measurement of any frequency within the range by feeding
it to the exciting magnet and sliding the bridge until resonance is
found. The frequency range, however, is not so high as in the case of
the harmonic method, for reasons already stated, though a special
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design of exciting magnets and the like would probably help here.
The author has not had need to investigate this further up to the time
of writing.

If 4 is the length of the wire from end to end, and in is the electri-
cally excited length stopped off by the bridge, then it can be easily seen
that the relationship between the natural frequency f of the short
length 41 and that of 1, is

MI= /1//11 (2)

By direct measurement f can always be determined; or a graduated
scale may be fitted, though the writer has not found this latter worth
while, as the harmonic points are generally amply sufficient, and a scale
near enough to the wire for accuracy tends to foul the other parts.

The resonance is very sharp and, though the author has no exact
data at hand, he believes that the accuracy of the harmonic method
is at least comparable with other substandards. The advantage of the
ease of checking and setting the frequency adjustments is obvious.

If the bridge is employed, however, the precision of adjust-
ment depends on the mechanical design, and may not be high enough
for certain work.

4. CONSTRUCTIONAL DETAILS OF MONOCHORD BASE

It is essential that the body of the monochord should be extremely
massive as the strain imposed is immense. The author has not tried
metal, but can recommend a 2 X 2 in. section length of wood, with two
4 X1 in. boards bolted flat on top and bottom. 3/8 -in. steel bolts are
good. The wood should be teak, or of a similar hard nature, though
actually quite excellent results were obtained with oak boards and a
deal center.

For the ends of the wire, piano pins (easily obtained from any piano
shop) were employed. They were screwed tightly into 1/4 -in. holes in
blocks of hard wood at each end of the base. Slight counter -sinking of
the top of the holes and the use of French chalk will facilitate the oper-
ation. A piano tuner's key will turn these pins and so adjust the tension
of the wire.

Instead of the pins a very stout worm drive mechanism would
undoubtedly give finer adjustment.

The ends of the wires must not run direct to the fastening off pins,
or buzzing and uncertain lengths of vibration will give trouble. It
is most important to pass them through a clamp of two layers of ebonite
fixed to the base with grooves to bite the wire tightly and positively
in order to give an exact end to the vibrating chord.
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Further details of the base may be gauged from Fig. 2.

5. WIRES AND EXCITING MECHANISM

A piano wire about 1/16 in. in diameter and about 5 ft. long will
go down to 32 cycles nicely and right up to the harmonics. It is very
tedious to count about a hundred odd nodes for each high note check;
therefore the writer employs this wire for up to about 261 cycles
(roughly the 8th harmonic) and a short length of about 16 in. with
a fundamental of 261 cycles (middle C philharmonic) for up to about
5000 cycles. There seems no reason to doubt that the harmonic re-
sponse goes still higher than this, but the author's oscillator does not
work beyond this point, consequently no actual tests have been made.
The short wire is about 1/32 in. in diameter.

These sizes are the result of much experiment and appear to be the
best.

Unless the very lowest frequencies only are needed the wires
must have a mechanical tensioning device. Weights of practicable

PIANO PIN

CATIGRATEON CARD EXCITING MAGNET CLAMP

Fig. 2

size are useless for this purpose.
The amplitude of movement of the wires is very small-quite

invisible-at the notes over, say 2000 cycles, and may reach as much as
a half inch at 32 cycles. Hence the distance between the exciting mag-
net and the wire must be adjustable.

A convenient method is to mount the magnet on a heavy base at
the side of the wire and move it to and from it, as required.

6. CALIBRATION

This is easily performed by tuning the oscillator in use to any avail-
able electrically excited tuning fork, switching over to the monochord
and adjusting the tension of the wire until the maximum response is
attained. If the fork has a frequency which corresponds to a harmonic
instead of the fundamental of the wire it is inadvisable to stop the latter
with the bridge, as this will usually produce an error due to slightly
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inaccurate measurement. Instead, work to the harmonic directly by
means of counting the nodes.

The position of the nodes and their frequencies may be marked on
the monochord. It is only necessary to mark, say, the left -most, if this
is the end of the wire used for high frequencies with the bridge. For
the top notes a piece of card close behind the wire is necessary to
avoid errors in reading due to the crowding of the nodes at this part
of the frequency range.

In practice any setting may be found in a few seconds once the
monochord is calibrated.

7. MISCELLANEOUS

A middle C tuning fork (philharmonic 261 cycles) may be excited
by mounting it with an old earphone magnet system. Care should
be taken that the correct note response is employed, and not a harmonic,
as the fundamental will not usually be by any means the loudest re-
ponse of the fork when used in this way.

To render the harmonics easily found, particularly when first
calibrating the monochord, plenty of !power to the exciting 'magnet
should be employed. If the a -c source is not powerful enough an
extra valve amplifier should be interposed between it and the mono -

also that no appreciable power
need be taken from the source of current.

The author employs two LS5A valves (in push-pull to avoid satu-
ration of the output transformer core) with 200 volts on the anodes.
The monochord will work with much less than the full output of this
combination.

The sharpness of the resonance of the wires is very great indeed,
and failure to find harmonics is generally due to this cause. To avoid
interference it is well to damp the unused portion of the wire when using
the sliding bridge.

If difficulty is found in hearing the response of the wire, a telephone
magnet system placed close up to it, as if to excite it, but with a pair
of phones connected (if desired via an amplifier) to the coils of the
magnet, will act as an excellent microphone. It will pick up only the
movement of the steel wire it is close to, which may be an advantage
in a busy laboratory.
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AN EMPIRICAL EQUATION FOR DETERMINING
THE d2ig/deu2 OF DETECTORS

BY
SYLVAN HARRIS

(Engineering Laboratory, Roister Radio Corporation, Newark, N. J.)

Summary-An empirical equation for the grid -current grid-voltage curve
of the C-327 tube is developed. By obtaining the derivatives of this equation rather
than determining them from the ig-e, curve by graphical means the inaccuracy of the
graphical methods is avoided. The equation holds accurately in the range of e,
encountered in practice.

iN the March, 1929, issue of the PROCEEDINGS, an experimental
method of determining the second derivative of the grid -current
grid -voltage curve of electron tubes was presented by J. R. Nelson.

The main advantage of the method lies in the fact that the great diffi-
culty of evaluating the slopes at various points of the dig/deg curve by
graphical methods is avoided. However, the method requires a know -
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ledge of the values of the first derivative, which are usually obtained
from the grid -current grid -voltage curve by graphical means, and
which are subject to the same inaccuracies which the method seeks
to avoid in passing to the second derivative. It is clear, then, that

 Dewey decimal classification: R134. Original manuscript received by
the Institute, March 25, 1929. Revised manuscript received May 28, 1929.
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the method is of value only insofar as the values of dig/deg, or rg, are
accurately known.

It is much more accurate, and quite simple, to obtain an empirical
equation for the i9 -e9 curve; this can then be differentiated in order
to obtain the first and second derivatives. In order to illustrate the
method of obtaining the equation, an actual numerical case follows.

Fig. 1 shows the ig-e. curve of a typical 327 tube. This has been re-
plotted in Fig. 2 on logarithmic coordinates, and may be considered a
straight line for small values of i.. In this case the equation has the
form

i.= ae,"' (1)

However, it is seen that the difference between ig and the values given
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by (1) becomes greater and greater with increasing e0. Equation (1),
therefore, must be corrected by a constant negative term io, viz.,

(ig-tio) = ae.m (2)

Substituting into (2) the coordinates of three well -separated points of
the i- eg curve there results

0.09 -io = (1.10a)m (3)

0.46 - io = (0.95a) m (4)
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1.78 - as = (0.80a)" (5)
Subtracting (3) from (4):

0.37 = (0.95a) "- (1.10a) "

and factoring out the (0.95a) "th term

0.37 = (0.95a)" [1 - 1.158" (6)

Performing a similar operation on (4) and (5):

1.32 = (0.80a) (0.95a)"
= (0.95a)" [0.843" -1] (7)

1

Fig. 3

The ratio of (7) to (6) gives:

0.843") -1
3.57 =

1 - 1.158m
(8)

The value of m in (8) must be determined by trial. Various values are
substituted for m in the right-hand member of (8) and the values of
the fraction so obtained are plotted in Fig. 3. The correct value of m
is then the abscissa of the point whose ordinate is the left-hand member
of (8), or, m = - 7.

The values of a and 4 are then obtained by simple substitution.
The resulting equation is:

4= (0.40e97- 0.114) X 10-6 (9)
Its first derivative is

dig/deg= -2.80e, -8X10-8 (10)
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and its second derivative is

d2i./ de,2 = 22.40e9-9 X 10-6 (11)

Curves calculated from (9), (10), and (11) are shown in Fig. 1. The
calculated values of ig are indicated by circles which fall directly upon
the experimentally obtained ice, curve, indicating the reliability of
the equations.

In conclusion, it might be pointed out that whenever inflections
are found in the curve, such as often occur at large values of ip, equa-
tions so determined cannot be used. For the smaller values of ig,
however, in the range encountered in practice, these equations are
quite accurate.

4
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ENGINEERING ASPECTS OF THE WORK OF
THE FEDERAL RADIO COMMISSION*

BY
J. H. DELLINGERt

(Formerly Chief Engineer, Federal Radio Commission, Washington, D. C.)

THE administrative and legal aspects of the work of the Federal
Radio Commission are complicated and interesting. Much of
this complexity and interest can be traced to the peculiar en-

gineering facts of radio transmission. If it were not for the limitations
imposed by the nature of radio waves, the Commission would have a
relatively easy task, or indeed the Commission might never haN e been
created.

The numerous engineering problems which have to be dealt with
in the course of the Commission's work arise mainly from two physical
phenomena. These are: (a) radio waves spread out everywhere, stop-
ping at no boundaries, and capable of great mutual interference, (b)
the number of radio communication channels is definitely and severely
limited. The implications of these basic facts are far-reaching. The
first has led to international regulation, now embodied in the 1927
International Radio Convention.

Limited Number of Communication Channels. This, likewise, has
international as well as national consequences. The right to operate
radio transmitting stations has become so valuable that the demand for
channels far exceeds the supply. The number of channels is being
increased, from time to time, as radio technique develops, but at any
given time there are only a limited number of communication channels.
If stations are permitted to operate in excess of the capacity of these
channels extensive interference develops and radio operation becomes
unsatisfactory.

In the present state of radio technique the number of channels in
the whole radio spectrum is as follows: in the low frequencies (15 to
550 kc), there are something less than 1000 channels; in the broadcast
band of frequencies (550 to 1500 kc), there are 96 channels, of which
90 are available for the use of the United States; and in the high fre-
quencies (from 1500 to 23,000 kc) there are about 1260 channels. These
figures are on the basis ,f an approximate 0.2 per cent width of channels
for frequencies above 1500 kc, a 10-kc width in the broadcast band, and

* Dewey decimal classification: 11.007.1. Original manuscript received by
the Institute, March 26, 1929. Presented at Fourth Annual Convention of the
Institute, Washington, D. C., May 13, 1929.
t Principal Physicist, Bureau of Standards, Washington, D. C.
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a width grading from 0.2 per cent to 1.0 per cent below 550 kc. The
factors determining these channel widths are discussed below.

Thus we have a total of about 2350 channels available for the radio
traffic of the entire world. On some of these frequencies, particularly
the very low and the very high, it is not feasible to have more than
one station operating at any given time in the whole world. On many
of the others a large number of stations can operate simultaneously.
The facts regarding these frequencies are well enough established to
permit us to calculate the number of stations which can be licensed
without causing excessive interference.

The fact that the number of channels is limited and the number
of stations assignable to any one channel is again limited, imposes
upon the Government the necessity of choice among applicants for the
radio channels. This is the underlying reason why a Federal Radio
Commission came to be created. To provide for choice among those
who aspire to construct and use radio stations, Congress created not
only the Commission as its instrument to make the choice, but also
a judicial principle to be the basis of choice, viz., the principle of
"public interest, convenience, or necessity."

It was the congestion in the broadcast band which spurred Congress
to this legislation. Only in that band of frequencies did the number of
applicants for licenses exceed the supply of channels, in early 1927,
when the law was passed. The condition extended, however, and the
demand now exceeds the supply in the high -frequency band as well as
as in the broadcast band. The Commission's task becomes progres-
sively more difficult, and at the same time the stimulus to engineering
progress increases.

The number of stations which can be in simultaneous operation
without destructive interference depends on a number of factors.
First of these is the width of channel occupied by the intelligence
transmitted. That is to say, every message or signal actually preempts
certain frequencies on either side of that of the radio wave which carries
it. Speech or music thus takes up a wider channel than telegraphic
dots and dashes. The channel widths required for the various classes
of intelligence transmitted by radio are about as follows: for teleg-
raphy, even at very high speed, a few tenths kc or less. For telephony,
10 kc. The same for photograph transmission at maximum commercial
speeds. For television of fair quality, 100 kc.

The use of damped waves, produced by spark transmitters, involves
even wider channels than any of the foregoing. In fact it is so nearly
impossible to conduct radio communication on damped waves without
interference that their use has become steadily more objectionable.
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The International Radio Convention of 1927 forbids their use in new
stations at frequencies below 375 kc after 1929, and forbids their use
entirely (except for ships and aircraft stations, of less than 300 watts)
after 1939. The Radio Commission, by its General Order No. 51,
forbade their use entirely (except for ship stations) after January 1,
1929.

Another limitation on the number of communication channels
available is the lack of perfect constancy of station frequencies. The
channels must be wide enough so that frequency variations will not
cause a transmitting station to invade the channel of another station.
If a station frequency varied as much as 0.2 per cent, the present
allowed width of high -frequency channels, this would put it exactly
on the frequency of the station occupying the adjacent channel. An
accuracy of frequency maintenance much better than 0.2 per cent is
therefore necessary to permit the use of channels of this width.

The Commission is therefore requiring high -frequency stations
(other than mobile and amateur), to maintain frequency with an
accuracy of 0.05 per cent or better at all times; it also requires that
transmitters be tuned with an accuracy of 0.025 per cent. This
requires very careful design of transmitting apparatus. The use of

essential.
Another important factor limiting the number of stations that can

be on the air simultaneously is the selectivity of receiving apparatus.
This, taken together with geographical and frequency separation of
transmitting stations, their power, and the location of the receiver
with respect to interfering stations, largely determines the allowable
channel width at the present time.

High Frequencies. For frequencies above 1500 kc, the known facts
regarding these various factors determining channel width (intelligence
band width, frequency variation, receiver selectivity, and related
factors) indicate that a width of approximately 0.2 per cent is practic-
able at the present. As the design of receivers improves, giving greate-
selectivity, and as the constancy with which stations maintain their
frequency improves, the channels may be narrowed. The channel
width may perhaps soon be reduced to approximately 0.1 per cent,
allowing twice as many stations to be licensed, in some parts of the
spectrum. There are highly important political consequences of this
purely engineering circumstance. Frequencies above 6000 kc are
world-wide in their effects, and they are thus subject to division among
the nations. The greater the number of available channels, the less is
the likelihood of serious international conflict over their exploitation.
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Even in the 1500-6000-kc band, transmissions are continental
(although not world-wide), in their effects, and it has been necessary
to secure agreement with Canada, Cuba, and other North American
nations on their use. Those nations have agreed to use the same width
of channel, frequency maintenance requirements, etc., as the United
States. Of the 639 channels in this band each North American nation
reserved a few for priority use by that nation. Most of them are used
in common by all these nations, and agreement has been reached as
to the parts of the spectrum in which to license various types of
users, such as Government, ship, aircraft, visual broadcasting, experi-
mental, etc., stations.

In January, the Commission had about 850 applications pending for
frequencies in the 1500-6000-kc band. These were for all sorts of
uses, e.g., ship telephone and telegraph, airplane telephone and tele-
graph, freight train communication, geophysical exploration, power line
emergency service, television transmission, point-to-point commercial
message service, broadcasting pickup, relay broadcasting, police sig-
nalling, general experimentation, etc. It was by no means possible to
grant all these applications. Even though several stations at suitable
distances may operate simultaneously on one channel, the total number
was definitely limited. In this band, just as in the higher frequencies,
the Commission was under the necessity of denying many applications,
since their number exceeded the transmission opportunities on the
channels available.

There are 624 channels available in the band of higher frequencies
from 6000 to 23,000 kc, in which any signal may be heard all over the
world. There are already some 1700 stations (other than amateur),
in the world operating on these frequencies, an average of about 3 per
channel. This frequency band is therefore already fully occupied.
Whenever more than one station is operated on a channel there is a
potential source of interference. Additions can be made only in special
cases, by consideration of the areas affected, times of operation, dif-
fering capacities of the various frequencies at different parts of the
diurnal period, and engineering expedients like directional reception
transmission. The real nature of the congestion is apparent from the
fact that the Commission has been forced to deny hundreds of appli-
cations for licenses in this frequency band.

The frequencies above 6000 kc are suitable for very long distance
transmission and are, therefore, of great international importance.
They have been appropriated as needed in the various countries with-
out any agreed plan or basis of assignment. Congestion has now
begun and an international agreeMent on their allocation will soon
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be imperative. This is expected to be one of the major subjects of
discussion by the meeting of the International Technical Consulting
Committee on Radio Communications, which is expected to meet at
The Hague in September.

Public Interest, Convenience, or Necessity. The interpretation and
application of this phrase is a novel development in jurisprudence.
The phrase is borrowed from legal terminology used in the regulation
of public utilities, such as street -car lines and gas companies. Radio
transmitting stations are not public utilities, and yet the test of a pub-
lic utility must be applied to them for the two basic reasons already
given, viz., the potential interference of each radio transmission with
every other, and the fact that the number of channels is sharply
limited.

The test of "public interest, convenience, or necessity" is being
applied in broadcasting to mean that the rights of the listeners are
superior to those of the broadcasting stations. This means that, as
far as possible, interference must be avoided. It means that rural
listeners, remote from any station, as well as city listeners, must be
given service. It means that excessive duplication of programs by
many stations cannot be permitted, and that high -power stations
cannot be located in the midst populous areas. Perhaps the
most important implication is that the total number of broadcasting
stations must be limited to the number necessary to prevent undue
interference. Each of these correllaries of a purely legal principle
requires extensive engineering data for its application.

Broadcasting. The broadcasting band, which has hitherto occupied
the chief attention of the Commission, exhibits a number of very
special engineering problems. Here the width of each channel is 10 kc,
which is necessary for satisfactory musical reception. Even this is
not sufficient for musical reproduction of the highest quality. With
only 90 such channels, and more than 600 stations on them, there was
naturally very great interference prior to the November, 1928,
allocation. To remedy this the Commission had to choose among vari-
ous alternatives. It decided as a matter of policy not to reduce rad-
ically the total number of stations. It was then necessary to (a)
limit the simultaneous operation of an excessive number of stations
be making many of them divide time; (b) assign frequencies carefully
selected with regard to geographical separation of stations, to reduce
inter -channel interference (i.e., disturbance of reception of a station
on one frequency by other stations on adjacent frequencies); and (c)
limit the power of stations so they would not cause interference to other
stations on the same frequency.

The accomplishing of this constituted the allocation of broadcasting
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stations which the Commission put into effect on November 11, 1928.
For a detailed description of the allocation from the engineering view-
point, see my article.' The principal features of the allocation are
indicated in the following table :

High -Power, Regional,
Limited Service

Local, Total
5 kw and up 500-1000 w 5 kw 1000 w 10-100 w

Number of Channels 40 35 4 5 6 90
Station Assignments per chan-

nel 1 23j 2% 5 25 ' -
Number Station Assignments

in U.S. 40 90 10 25 150 315
Number Station Assignments

in each zone S 18 2 5 30 63

The expression "station assignment" indicates full-time operation 24
hours a day, by a station, or by a group of stations sharing time.

The most striking of the problems involved in the allocation was
the carrying out of requirement (c), which determines power limita-
tions. Stations assigned to the same frequency have not, up to the
present, been able to maintain their frequencies with sufficient ac-
curacy to prevent the existence of a slight difference (or beat) fre-
quency, producing what is commonly known as heterodyne inter-
ference, or whistles. Unfortunately the heterodyne interference reaches
out to enormously greater distances from a station than the program.
Consequently the operation of two or more stations on a channel
results in an area of destructive interference far in excess of the area
in which program service is provided. For instance, the program of
a 5 -kw station can be heard with fair intensity under good conditions
at 100 miles, while the heterodyne interference from two such stations
is heard at 3000 miles. Two stations of 5 kw or more therefore cannot
be assigned the same frequency in the United States. It is possible, on
the average, to put two or more 1 -kw stations on the same frequency
if they are at least 1800 miles apart, and two or more i-kw stations
if they are at least 1200 miles apart. All stations subject to these re-
strictions have only a small service area, and give no service to remote
rural areas. Such distant service is given only by stations having ex-
clusive use of the channels to which they are assigned.

In order to provide rural service, 40 channels are each used by one
station exclusively. The stations on the exclusive channels not only
serve very great areas, but deliver a more satisfactory intensity at
every point within those areas. Their service is better for all concerned,

"Analysis of Broadcasting Station Allocation," PROC. I. R. E., 16, 1477-
1485; November, 1928.
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the greater the power they use. This fact is not commonly understood
by others than radio engineers. It is clear when the distinction be-
tween the exclusive and the other channels is comprehended. Service
on the non-exclusive channels would be utterly ruined if the power
limits fixed by the facts of heterodyne interference should be exceeded,
and in consequence such stations cannot in general use more than 1
kw. But on the exclusive channels the service is better the higher the
power level, and indeed such stations will not be serving the public
most effectively until the level reaches hundreds of kilowatts.

There is some hope that the limitation of power and service on the
non-exclusive channels may be overcome. If the frequencies of stations
on the same channel are maintained to a certain very high accuracy,
the heterodyne or whistle becomes inaudible. The technique of fre-
quency control is fast approaching this goal and success has been
attained in isolated instances' The satisfactory service area of such
"synchronized" stations is not yet known. It is likely that some addi-
tional fading and interference effects will be introduced, but it is be-
lieved that the net service area will be substantially greater than when
heterodyne interference exists. The significance of this is that the pres-
ent power limits for stations on shared channels can be raised, better
service given, and wider areas served. Synchronization is therefore
looked for as the next great advance in broadcasting.

This discussion of broadcasting has been largely with reference
to night conditions. Broadcast transmission is entirely different in the
daytime. Transmission distances are much less, and somewhat greater
power can be allowed the stations. Furthermore, additional stations
can be licensed for daytime operation only. While the problems are
not as acute as are those of night-time transmission, they are being
handled with care so that daytime broadcasting may be developed as a
valuable service.

The difference between day and night transmission conditions
raised one technical problem of considerable moment, viz., determina-
tion of the time when day ends and night begins, and thus at
what hour daytime stations should close. Investigation had revealed
that the change from day to night radio conditions extends over a
period of something more than an hour and a half, beginning about a
half hour before sunset and closing an hour after sunset. The most
reasonable time to choose as the transition point is the moment of
sunset, and this was done in the Commission's General Order No. 41.

Most of the regulations of the Commission involve engineering
J. H. Dellinger, "The Status of Frequency Standardization," Paoc.

I. R. E., 16, 579; May, 1928.
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problems. Examples include the General Orders on chain program
limitation, visual broadcasting (television), increased power in day-
time, and prohibition of damped waves. The Broadcasting Committee
of the Institute of Radio Engineers has been of great assistance to
the Commission by the studies it has made of certain subjects leading
to new regulations. These are on such subjects as: the requirement
of an artificial antenna in broadcasting stations for use during warming -
up periods, etc.; the location of high -power stations with respect to
populous areas; requirement of highly accurate frequency control;
allowable ratio of day to night power; permissible intensity of har-
monics; percentage modulation; and fidelity of transmission.

Conclusion. All of the engineering work involved in federal radio
regulation has the peculiar difficulty that the facts dealt with are
extremely complex. They are indeed rapidly shifting. Not only must
allowance be constantly made for the flux of changes inherent in a
rapidly developing art, but radio waves themselves exhibit ex-
traordinary vagaries. Orderly radio regulation must proceed on a con-
sideration of the distances at which the waves are received. But dis-
tances vary enormously between day and night, from season to season,
even from night to night, and are different over different kinds of
terrain. Knowing this is not to counsel despair. These vagaries have,
after all, certain discernible laws, becoming more and more calculable
as the results of scientific investigations accumulate. It is not neces-
sary to throw up our hands and say that the whole situation is chaotic.
In spite of their vagaries, radio phenomena are subject to known
engineering principles. An engineering principle is nothing but an
organized body of facts affecting a practical situation. Violation of
such engineering principles in radio regulation would sooner or later
reduce the service of radio to the public.

Summarizing, the federal regulation of radio involves extensive and
difficult engineering problems. These are characterized by certain
outstanding facts or principles. First, radio waves spread out every-
where and potentially interfere with one another. Secondly, at any
given stage of radio technique, the available number of communication
channels is definitely limited. Another controlling principle, as the
art stands today, is that heterodyne interference sharply limits the
power that may be permitted any two or more broadcasting stations
on the same channel. Finally, radio wave transmission is characterized
by extreme vagaries. The facts and implications of each of these prin-
ciples are subject to constant revision as radio progresses. Such facts
constitute the natural limitations of radio. They are inescapable
conditions of its government regulation.
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SOME CHARACTERISTICS OF MODERN RADIO
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BROADCAST REGULATION*
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(Vice President, Radio Frequency Laboratories,Inc., Boonton, N.J.)

Summary-The paper gives a brief discussion of the modern tendencies in
radio broadcast receiver design, with particular regard to those characteristics of re-
ceivers which are related to the problem of allocation and regulation of broadcasting
stations. These characteristics are separated into five classes, as follows: (1) dis-
crimination between channels; (2) discrimination within a channel; (3) uniformity
of reception in all channels; (4) uniformity of reception within a channel; (6) range
of reception. The conclusions are based upon experimental studies of a large number
of broadcast receivers which have been sold commercially, and others which will be
sold during the present year.

ADIO broadcast regulation must deal generally with the prob-
lems of providing acceptable radio service to the greatest num-
ber of listeners from the greatest number and diversity of

sources. In the absence of the unified control of all transmitting and
receiving units which is possible in a wire distribution system, construc-
tive regulation frequently involves the reconciliation of interests which
are in definite conflict. Congestion of the medium of propagation is
inevitable when satisfactory broadcast service requires channel widths
approaching 10 kc for sound broadcasting and 100 kc for visual broad-
casting. Thus technical developments in broadcast receivers, as well
as in broadcast transmitters, are related to the problems of regulation
insofar as they promote or retard the most effective utilization of the
medium. It is from this viewpoint that the modern tendencies in
receiver design are to be discussed. For convenience, the significant
characteristics of broadcast receivers will be considered separately,
although on account of their interrelations such a division is largely
formal.

1. Discrimination Between Channels

One of the most important elements determining the "acceptability"
of broadcast service is the extent of the listener's privilege of dis-
crimination between programs. The10-kc separation between channels
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in the broadcast band is one of the few features of American broad-
casting which is so well established by regulation and practice that
it is unlikely to change in the near future. Modern receivers of what
might be termed medium quality and cost are quite generally able
to suppress crosstalk from an unwanted signal in the adjacent channel
which has the same field intensity as the wanted signal. But it is
an inherent characteristic of the existing system that thousands and
perhaps millions of listeners are in a region of intense fields from
a powerful station, usually of high quality and operating on a cleared
channel. The average radio listener is probably permanently recon-
ciled to sacrificing service from the weak stations on adjacent channels
for the privilege of obtaining a genuine service field intensity from the
high quality station. It is therefore unprofitable for the designer of
receivers even to attempt to provide equipment capable of giving ser-
vice on any one of the 96 American channels at the will of the operator,
as a normal operating condition. Efforts at improvement in the selec-
tivity of receivers can probably be best directed toward equalizing the
selectivity at all parts of the broadcast band.

Practically all types of commercial receivers, including double -
detection sets, are now progressively less selective toward one end
of the band, usually the high -frequency end. In this respect there
has been a perceptible tendency toward improvement in the past two
years. This statement is based upon an examination of twenty differ-
ent receivers offered for sale by American manufacturers in the radio
season of 1927-28, and a second group of twenty-four different re-
ceivers sold during 1928-29.

The 1927-28, receivers, which will be called group A, include almost
all the most widely used commercial types, as well as certain types
which were for some reason distinctive. In the latter class of group A
falls one receiver in which the entire selective system is concentrated
in a filter between the antenna and the first amplifier, and two receivers
having provision for unusually high output levels. With one exception
all the receivers of group A are designed for antenna operation and all
include a single detector. The high -frequency amplifiers of all receivers
in the group employ triodes exclusively, and are variously stabilized;
some by adjusted losses, some by combinations of losses and partial
reactive balance, others entirely by reactive balancing circuits of vari-
ous types. Four of the group are provided with five tuned circuits, eleven
with four tuned circuits, and five with three tuned circuits. The receivers
of this group were sold at retail for prices ranging from $85.00 to $440.00.

The second group of receivers, which will be called group B, in-
cludes eighteen receivers which are on the market at the time of this
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writing, and six which are scheduled for production during 1929. GroupB is made up chiefly of antenna operated receivers, all designed foralternating -current supply. It includes two double -detection sets andseveral sets in which the high -frequency amplifiers employ screen -gridtetrodes. Two receivers include five tuned circuits, fourteen includefour tuned circuits and eight include three tuned circuits.
Groups A and B were so chosen that collectively they furnish afair picture of design and performance of American broadcast receivers.The characteristics which are to be discussed were determined by astandard experimental technique similar to that recommended in the"Preliminary Draft of Report of Committee on Standardization" asdrawn up by that Committee of the Institute in 1928. In the case oftests on single factory-built receivers, each set was adjusted to yield thebest performance irrespective of accidental faults, in order to obtain asnearly as possible the ideal data characteristic of each particular design.Obviously a complete description of the ablity of any given receiverto reject unwanted signals should include an examination, at severalspaced frequencies in the broadcast band, of the response of thereceiver to interfering signals in two or three adjacent channels on eachside of the wanted frequency, since the frequency -response character-istics of all receivers generally exhibit different shapes in differentparts of their service range. But for a comparison of a large number ofreceivers the complications involved in such a detailed study tend tomake adequate generalizations impossible. In the present discussion,therefore, attention will be confined to the relative responses of areceiver to a wanted signal and to an unwanted signal of the samefield intensity in the next adjacent channel, that is, having a carrierseparated by 10 kc from the carrier of the wanted signal. A con-servative though generally accepted arbitrary figure for the greatesttolerable interference level is one thousandth of the power output pro-vided by the wanted signal. In other words the unwanted signalshould be 30 db below the wanted signal.

Out of the twenty receivers of group A, compared at 1000 kc witha wanted signal having 30 per cent modulation at 400 cycles, and anequal unwanted signal 10 kc away, in five sets the unwanted outputlevel is 30 db or more below the output from the wanted signal, and infour sets the unwanted signal is less than 20 db down. In eleven sets, in-cluding most of the popular types, the interference level is between20 and 30 db below the signal level with a general average of 23 db.At frequencies of 600 kc and less the interference signal in an adjacentchannel produces an output 30 db or more below the wanted signalin every one of the twenty receivers.
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Comparing on the same basis the twenty-four receivers of a year
later comprising group B, we find no appreciable difference from
group A at 600 kc, but a perceptible improvement at the higher
frequencies. At 1000 kc eleven of group B yield an unwanted output 30
or more db below the wanted output and only four show a discrimina-
tion of less than 20 db.

From the standpoint of regulation it is probably not desirable fur-
ther to complicate the existing problems of geographical assignments
of power and channels by attempting to take account of the non-
uniform selectivity which still characterizes most receivers, since it is
physically possible to equalize the selectivity of a receiver at all parts
of the broadcast band.

2. Discrimination Within A Channel
Discrimination against certain side frequencies in a received sig-

nal occurs in all radio receivers both before and after demodulation.
Under the existing system of channel separation, unwanted frequencies
are usually present in the channel of reception, as well as outside of it.
The appearance in the output of a receiver of all demodulated side
frequencies lying between the carrier and the boundaries of the channel
is not necessary for good reproduction. The transmission through a
receiver of frequencies 9 to 10 kc removed from the carrier is undesir-
able on account of the existence of beats between carriers on adjacent
channels, and also on account of the undesirability of opening the door
to electrical "noise" any wider than is required for acceptable repro-
duction of complex music. Also, the passage of frequencies within
about 15 cycles of the carrier will become less desirable as progress is
made in the operation of synchronized or approximately synchronized
transmissions from stations whose service areas overlap. In most
modern receivers which exhibit the greatest degree of frequency
fidelity the 20 -cycle output is negligible and the output levels even at
5000 cycles are from 15 to 20 db below those at 1000 cycles. In the
twenty receivers comprising group A, comparing the electrical output
at a modulation frequency of 50 cycles with the electrical output at
400 cycles we find only one receiver whose 50 -cycle output in less than
4 db below the 400 -cycle output, ten receivers whose 50 -cycle output is
between 6 and 10 db down, five whose 50 -cycle output is between 10
and 30 db down, and four whose 50 -cycle output is more than 30 db
below the 400 -cycle output. In the same group the 5000 -cycle output
of four is less than 4 db below the 400 -cycle output, the 500 -cycle out-
put of six is between 6 and 10 db down, six more are between 10 and
30 db down, and in two the 5000 -cycle output is more than 30 db below
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the 400 -cycle output. In the twenty-four receivers of group B five are
less than 4 db down at 50 cycles and thirteen are between 4 and 10 db
down at this frequency. But in the same group at 5000 cycles all
receivers yield a 5000 -cycle output which is 10 db or more below the
400 -cycle output and five are more than 35 db down at 5000 cycles.
All of these data on both groups are for a carrier frequency of 1000 kc.

Thus the modern tendency in receiver design appears to be still
the progressive accentuation of the lower frequencies even at the ex-
pense of the higher frequencies within a channel. In all of the most
recent receivers, however, the output at 20 cycles or at 7000 cycles is
more than 40 db below the speech -frequency output. Many modern
loud speakers yield a sound response at 50 cycles which is perceptible
compared with the 400 -cycle response. Some loud speakers, not
provided with so-called overload filters, do not exhibit a significant
cutoff below 8000 cycles. But there is little likelihood of such an
improvement in the frequency fidelity of the complete receiving system
that it should be considered in making allocations under the existing
system of channel separation. It is well to bear in mind, however, that
the ultimate ideal of receiver fidelity is not perfect uniformity of output
from 0 to 10000 cycles.

3. Uniformity of Reception in All Channels

There is a steady increase in the uniformity of the response of the
radio -frequency filter and amplifiers in commercial receivers over the
broadcast band. Out of a group of 20 antenna -type receivers compris-
ing group A, ten exhibit a variation of overall sensitivity greater than
eight to one between 550 and 1500 kc and only six showed a variation
in overall sensitivity of less than three to one. In the more modern re-
ceivers comprising group B, nine exhibit a variation in sensitivity of
less than three to one, eleven show a variation lying between the
limits three to one and eight to one and only six vary over a range
greater than eight to one. It is interesting to note, however, that even
in 1929, at least two receivers of a "popular" type are over fifteen times
as sensitive at 1500 kc as at 500 kc. With sets of this type, operated
from a standard antenna, and adjusted for normal output on a signal
at 1500 kc, a signal of equal field intensity at 700 kc or less would be
inaudible. This situation may be contrasted, however, with the case of
another receiver in group B which for purposes of discussion will be
called "receiver X." This set is also in the "popular" class of price and
distribution and in certain features represents the most advanced pro-
gress in modern design. At no frequency within the broadcast band does
the sensitivity of receiver X depart more than 15 percent from themean
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sensitivity. It is provided with a linear detector. Thus if signals of
equal field intensity were received in each channel between 550 and
1500 kc without readjusting the sensitivity control, the total variation
in output would not exceed 2.3 db.

4. Uniformity of Reception Within A Channel

The question of frequency fidelity has already been discussed in
Section 2 above, as a matter of discrimination against unwanted fre-
quencies.

Amplitude fidelity involves the presence of non-linear reponse
and harmonic generation in the demodulator as well as in all ampli-
fiers. The maximum distortionless output level provided by the audio -
frequency amplifier should be generally determined by the preferences
and the esthetic taste of the listener, and bears no direct relation to
the matter of regulation of broadcasting. Until the year 1928 there
was a rapid and progressive increase in the distortionless output
capacity of all receivers from levels of the order 0.1 watt up to 6 or
7 watts. Present indications are that the pendulum is beginning a
limited reverse swing in the interest of economy, with the advent of
more sensitive high -quality loud speakers. The average output level
of current radio receivers is of the order 1.5 watts. The question of
overload in the carrier -frequency or medium -frequency amplifier has
some bearing on the problem of location of powerful transmitters with
respect to populous areas. The modern tendency in this respect is
entirely constructive. It consists of a growing disposition on the part of
designers of receivers to improve and increase those elements of the
radio -frequency filter system which precede the first tube in the
receiver, and to discard the practice of connecting the first tube directly
to an aperiodic antenna system.

The improvement in amplitude fidelity which has the greatest
significance, as regards effective utilization of the propagation medium,
is the use of demodulators from which the output is proportioned to the
percentage modulation of the incoming signal over a range from zero tc
about 90 per cent, and in which the harmonic generation is negligible
even at high modulation levels. The technique of such opeation is now
fairly well known, and the advent of high -gain radio -frequency ampli-
fiers provides a timely expedient for the economical application of this
technique. In the receivers of group B, five employ demodulators of
this general type, variously known as "power detectors" or "linear
detectors." It was formerly customary to operate the main demod-
ulator in a receiver at an input level of the order 0.1 volt for normal
signal output. Input levels from 2 to 10 volts are now not unusual.
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In receiver X, mentioned above, the voltage gain from the first amp-
lifier grid to the demodulator grid is approximately 50,000. The
purpose of this gain is not to provide an excessive overall sensitivity,
but to operate the demodulator at an input level of about 3 volts.
The average overall sensitivity of the receiver is only 80 microvolts.
The maximum distortionless output level from the single low -frequency
amplifier stage is 3.2 watts. The demodulator, which feeds this stage,
exhibits no appreciable overload distortion up to amplifier output
levels of 3.2 watts unless the modulation falls below the extreme figure
of 2 per cent.

The use of linear demodulators provides reproduction of good
quality from broadcast transmitters of high modulation capability.

A general increase in the average modulation levels of transmitting
stations is a most important and useful means of increasing service
areas without increasing the beat note interference areas, and some
minimum level on modulation capability of transmitters may ulti-
mately be imposed by the government.

5. Range of Reception

The sensitivity of the radio receiver of course has a definite bearing
upon the coverage areas of broadcasting stations. But it is now
generally true that receivers in the low and medium classes of price
are sufficiently sensitive to produce suitable entertainment outputs
on field intensities of from 25 to 50 my per meter in the absence of
fading or electrical noise. Field intensities which are regularly depended
upon for radio service vary tremendously from one section of the
country to another, even today. But owing to the fact that the charac-
ter and inclination of the "average" radio listener are undergoing a
steady change toward the use of radio broadcasting as a means of
entertainment from the programs themselves, and not as an indoor
sport, the maximum sensitivity of the average broadcast receiver is well
above that which can be consistently and satisfactorily employed. The
growth of chain broadcasting has also contributed to this situation.
In the past two years, moreover, there has been a definite trend away
from the attitude that the best radio receiver is the one which has the
greatest attainable sensitivity, and designers of receivers are now
generally abandoning the practice of adding to the cost of a set to
provide a maximum sensitivity of 5 Av or more. The tendency even in
the most elaborate receivers is to choose a sensitivity of 20 to 50µv
or even less, and to apply the high -amplification features of modern
tubes directly to the provision of better reproduction, higher distor-
tionless output levels, or to the automatic control of output.
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In group A of receivers referred to previously, seven exhibit a mean
sensitivity between 10 and 100 µv and thirteen exhibit a mean sensi-
tivity between 100 and 1000 µv. In the later group B, eleven exhibit a
mean sensitivity between 10 and 100 µv and ten show a mean sensi-
tivity between 100 and 1000 pv. These figures on sensitivity relate to a
signal modulated 30 per cent at 400 cycles. The voltages mentioned are
those values which when impressed upon the receiver through a local
antenna circuit of standard constants, produce an audio -frequency elec-
tric output of 100 mw. Thus if a receiver has a sentivitiy of 100 tiv
it will yield this output level from an antenna of 4 meters effective
height exposed to a field of 25 µv per meter.

As broadcast reception becomes more a matter of service and less a
question of chance the noise levels and fading characteristics of the
incoming waves become more important in determining the merit of
the service than the absolute magnitudes of the average field intensity.
The introduction and development of automatic "volume controls"
for broadcast receivers is a more significant development than any
changes in the sensitivity of receivers that are likely to occur in the
future. Devices for holding the output level to within a maximum var-
iation during a variation of over 500 to 1 in field intensity are now
available in practical commercial form. A general public acceptance of
such controls may not be immediate. But receiver designers will un-
doubtedly find it commercially profitable to refine the technique of
automatic control until a stage is reached where the practical elimina-
tion of the effects of fading will bring about a general increase in the
accepted service areas of most broadcasting stations.

Aside from the improvements introduced by a general increase in
modulation levels accompanied by the corresponding alterations in
methods of demodulation in the receiver, there is as yet little prospect
of increasing the discrimination of broadcast receivers themselves
against atmospheric and local noises. It may be that the further ad-
vances in this direction will be delayed until the natural processes of
evolution produce a type of human ear or artistic taste which is
universally satisfied by music containing no frequencies higher than
two or three kc.
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THE REGULATION OF BROADCASTING STATIONS AS A SYSTEMS
PROBLEM

BY

EDWARD L. NELSON

(Radio Development Engineer, Bell Telephone Laboratories, Inc., New York City)

ABSTRACT

This paper is a brief discussion of some of the outstanding technical prob-
lems of radio broadcast regulation with particular reference to the transmitting
equipment. It is pointed out that in the interests of continued progress the
regulatory program should be based on the following considerations:

(1) Intensive development of the available frequency band:
(2) Close adherence to the technical facts;
(3) Definite expression of performance standards in proper quantitative

terms.

A number of the more important transmitter problems are discussed from this
standpoint, including the power rating of stations, increments of power, degree
of modulation, location of stations with respect to populous areas, permissible
intensity of harmonics, frequency, stability, and fidelity.
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SOME PRINCIPLES OF BROADCAST FREQUENCY
ALLOCATION*

Br
L. E. WHITTEMORE

(American Telephone and Telegraph Company, New York, N. Y.)

THE technical problem of broadcast allocation in a given country
is to assign the available radio channels to stations in particular
localities in such a way as to give the best possible broadcasting

service to the people of the country as a whole. The first consideration
is the numberof channels which are available for assignment.

In the frequency band 550 to 1500 kc the separation between ad-
jacent channels may be taken as 10 kc, thus giving 96 channels in this
range. This 10-kc separation has now become well established in
practice, and while there are some reasons to feel that a wider separa-
tion would be desirable in order to facilitate the satisfactory transmis-
sion and reception of very high quality broadcasting, it seems likely
that by a suitable geographical separation between the points to which
these channels are assigned it will be possible to employ adequate
frequency band widths and still avoid undesirable crosstalk.

While it is convenient to make specific reference to the United
States, the general principles under discussion are, of course, applicable
to any continental area. At the present time in North America, six
channels in this frequency range are used exclusively by Canadian
stations, 79 are used exclusively by stations in the United States,
and 11 are shared by stations in both countries. This gives a total of
90 for assignment in the United States.

Fundamentally a given channel may be used for either of two kinds
of radio broadcasting service depending upon the number of stations
which are authorized to operate on that channel.

1. A channel which has but one station operating at a time.
On a channel used in this way, a high grade of service can be
given to the people in the immediate neighborhood of the station.
It is, moreover, only on such a channel that service can be given
to broad rural areas. Every opportunity is afforded to take ad-
vantage of times when transmission takes place over long distances
and thus to serve regions which are not adequately provided
with nearby stations. Generally speaking, every channel of this

* Dewey decimal classification: R007.1. Original manuscript received by
the Institute, April 17, 1929. Presented at Fourth Annual Convention of the
Institute, Washington, D. C., May 13, 1929.
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kind should carry a program of the highest grade, transmitted
from a station in which the highest available power and the best
technique are employed. Such a channel provides 24 hours of
station operation per day, that is, 24 channel hours for the entire
country.

2. A channel which has two or more stations operating simul-
taneously. On a channel used in this way service is given to a
number of separate localities, each of rather restricted area.
There is, in general, little or no service to be expected in inter-
mediate areas. Channels assigned in this way are, therefore, most
useful for serving the cities near or in which the stations are located
and are not satisfactory for rural reception. The relative amounts
of power employed by the stations on a channel of this kind de-
termine very largely the sizes of their respective service areas.
Such a channel provides 24 hours of station operation per day
(24 channel hours) to each of several separate local areas.

Assuming that the assignments made on channels devoted to
either type of service can be so arranged as to make most effective use
of the possibilities of radio transmission, the problem becomes one of
determining what is the proper balance between the two kinds of
coverage-rural and urban-in order best to serve the people of the
broad area involved.

It may be taken as axiomatic that if broadcasting is to be free from
continual reallocations and is to consist of a fairly stable system
for the transmission of programs to the country as a whole, there
must be a fundamental basis in accordance with which both of these
general classes of assignments are apportioned to the various parts of
the country. After a basis for apportionment has been established
and the number of assignments available in a given locality determined,
the problem then becomes the selection by the Federal licensing
authority of the stations in that locality which can be expected to
best serve "public interest, convenience or necessity." While the
particular stations licensed in a given locality might not continue
indefinitely to be the ones which would serve the public best, the
substitution of one station for another on a given frequency assignment
would not involve major changes in the frequency assignments to
stations in other parts of the country.

It is thus seen that the problem involves two fairly distinct and
separable steps; first, the allocation of the channels in accordance
with some scheme which will designate approximately the area or
areas in which the station or stations to use the channels should be
located; and, second, the designation and licensing of the particular
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stations selected to occupy the available assignments. The purpose
of this paper is to consider primarily only the first of these two steps.
Each channel assignment to a locality provides 24 operating hours or
channel hours. The way in which these hours may be divided up
among individual stations by time division is again a matter largely
outside the scope of the present paper.

It is conceivable that the basis on which assignments would be
apportioned to different parts of the country could be that of popula-
tion. It is similarly conceivable that an apportionment could be worked
out entirely on the basis of area or one could be based on a combina-
tion of population and area. Obviously, also, an entirely arbitrary
rule might be formulated, which, once established, could be used as a
basis for assignments by the Federal licensing authority. Whatever
the rule may be it seems essential that there be some such basis on
which to build the broadcasting structure of the country. In view of
the tremendous competition for the privilege of broadcasting there
must be some way in which the licensing authority can determine
where to place the limit on the number of stations to which assign-
ments can be granted.

One basis for the apportionment of broadcasting facilities to the
various parts of the United States is given in the 1928 amendment to
the Radio Act of 1927. The basis embodied in this act is largely one
of population. It is provided that broadcasting facilities shall be
apportioned equally to the five zones into which the country is divided.
Each of the first four zones has a population of approximately 27
million people. The fifth zone has a population of about 12 million,
but its area is very large. The law further provides that, each zone
having been given its equal share of facilities, the several states are
to have shares of the zone total which are substantially proportional
to the state populations.

While the present radio law of the United States specifies that so
far as possible wavelengths, power, licenses and time of operation
shall be apportioned in the way indicated, the most fundamental thing
involved is the apportionment of wavelengths and time of operation.
More exactly, this means the apportionment of "channel -hours" to
stations. The right to operate for 24 hours a day on a given broad-
casting channel in a given locality constitutes what may be designated
a "full-time assignment." The fundamental limit which is the very
cause for the existence of the problem of broadcasting allocation is in
the number of assignments available for evening use.

This problem of broadcasting apportionment is not peculiar to the
United States. It is before the countries of Europe as a very pressing
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problem. The European broadcasting stations are, in general, using
frequencies or channels apportioned according to a plan known as the
"Geneva" plan, although, in view of the somewhat informal basis on
which the plan was worked out it is not being strictly followed by all
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Fig. 1-Relation between Field Intensity and Distance of Transmission.

European broadcasting stations. The two basic plans have recently
been suggested in Europe; one, known as the "Lemoine" plan;1 and
another, as the "Poland" plan.2 Both of these plans contain tables in

1 Siffer Lemoine, "Allocation of European Broadcast Wavelengths-Some
New Points of View," Experimental Wireless and Wireless Engineer, pp. 386-396;
July, 1928.

2 "The Problem of International Distribution of Broadcast Wavelengths,"
Experimental Wireless and Wireless Engineer, pp. 3-8; January, 1929.
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which relative quotas of broadcasting assignments are suggested for
all of the European countries. Each of these plans involves both popu-
lation and area, and in the Poland plan, consideration of existing
stations, different weights being given to different factors in arriving
at a combined basis.

There are some reasons why the population density should be an
important factor in determining a sound basis of apportionment, but
it seems desirable that a basis be established which, in addition, takes
account of the fact that the strength of radio signals in the broad-
casting range becomes less, generally speaking, the greater the distance
over which they have travelled.

It is interesting to consider the single and multiple types of channel
assignment in turn and to look at some of the facts of radio trans-
mission which need to be kept in mind in determining the usefulness
of these two kinds of channels.

1. Channels, Each Having Only a Single Full -Time Station Assign-
ment. These are sometimes called "clear" channels.

The fundamental thing to consider in the case of a clear channel is
the nature of radio transmission from a single station in the absence
of interference from another station on the same channel. The field
intensity or signal strength produced by a given radio broadcasting
station decreases as the distance from the station becomes greater.
Fig. 1 contains some curves showing the relation between the daytime
field intensity and the distance over which transmission has taken
place' The available data indicate that the signal strength at a dis-
tance at night, while varying greatly from time to time, ordinarily
falls between two limits. These limits correspond to

(a) The field intensity which is produced under daytime
conditions when the absorption is substantially that caused by
transmission over a suburban or agricultural type of region,
shown by the solid curves in Fig. 1 and,

(b) The field intensity which is produced in the absence of
any absorption of power from the transmitted wave and which

3 These curves are computed from the formula:
101.5ad

E = 19.42 X104 ---e )0I
d

E is field intensity in microvolts per meter.
p is radiated power in kilowatts.
d is distance n miles.

is wavelength in meters.
The absorption factor a has been taken as 0.0246, which corresponds with

measured values of field intensity in many cases of transmission over suburban
territory in the northeastern part of the United States.
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corresponds only to the reduction accompanying the spreading
of the waves over wider and wider circles. This is shown, for one
case, by the dotted curve of Fig. 1.

The limits of the edge of the area served by a given station having
a clear channel assignment are affected by

(a) The intensity of the noise-such as static or other electrical
interference-which sets a value of signal strength below which
reception is unsatisfactory.

(b) The fluctuation in signal or program intensity resulting
from the fading of the signal during the course of its transmission.
Transmission also is different in different parts of the country and
distances which are customarily covered by stations in one locality
may be far different from those covered by similar stations in other
locations.

Disregarding for the moment the problem of the relationship
between assignments on adjacent channels, it seems reasonable that
on a clear channel the highest possible field strength and, therefore,
the highest possible transmitted power is the condition most to be
desired. The location of the station with respect to residential areas
is a matter which can be fixed after the amount of power to be used has
been determined.

The amount of interference or crosstalk between broadcasting
stations on adjacent channels depends upon two major factors

(a) The selectivity of the radio receiver used by the listener
who desires to receive one station and exclude the other, and

(b) The relative field intensities of the two stations between
which selection is to be made.

Assuming that the two stations are about equal in power, the rela-
tive field intensities are dependent largely upon the relative distances
of the stations from the listener in question. If the field intensities
are about equal, that is, if the listener is about midway between the
stations, the problem of selection involves merely the selectivity of
the radio receiver. If, however, the field from one of the stations is
far greater than the field produced by the other, the listener will
ordinarily find it much more satisfactory to depend for his program
upon the station producing the stronger signal, that is, ordinarily, to
listen to the nearer station. Usually also the nearer station produces
a program which is freer from fading and in which the static and other
noises are less objectionable.

Fig. 2 contains a curve serving as an example of a radio receiver
selectivity characteristic. If the receiver is tuned to the frequency
A of a desired signal, an undesired signal of equal strength produced
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by a second station on frequency B, 20 kc away, will, by the action
of the receiving set itself, be reduced by an amount corresponding to
the relative heights of the points a and b on the curve. In this example
the reduction amounts to 70 decibels. In case the intensities of the
signals produced by the two stations are not equal the absolute dis-
crimination effected by the radio receiver would, of course, be different
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although the relative discrimination would be the same. Assume, as
another example, that the two field intensities are 50,000 and 10,000
pv per meter, respectively, a ratio corresponding to approximately 14
decibels. If there were no receiver selectivity, the desired detected
signal would be about 28 decibels above the desired signal due to the
square -law action of the detector. The receiver selectivity of 70
decibels, however, would reduce the undesired signal 42 decibels
below the desired signal.
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2. Channels, Each Having Several Full -Time Station Assignments.
On a channel to which several full-time stations are assigned it is,

in general, necessary to consider the relative or combined effect, at a
given receiving point, of the signals which may be received from two
of these stations. Since the stations are transmitting on the same fre-
quency the selectivity characteristic of a radio receiver provides no
means of discrimination. The area around a given station within which
satisfactory reception is possible is, therefore, that area within which
the field or signal produced by any other station on that channel is
so small as to be negligible in comparison. The absolute value below
which the undesired or interfering field must fall thus depends upon
the strength of the desired signal. The variability of radio transmission
over substantial distances results in a wide fluctuation in the size of
the area within which satisfactory service is produced. The curves
given in Fig. 3 indicate the range of variation of the field intensities
produced by two stations located 500 miles apart. From this it may
be seen that considering a point say 150 miles from Station A the
better transmission may at certain times come from station A and at
other times from station B, depending on the relative transmission
from the two stations at the moment in question. At other times
neither station would be heard satisfactorily.

Ordinarily, using types of transmitting equipment which have been
in general use up until about the present year, the combined effect of
the signals from two stations on a given channel is recognizable as a
beat note produced in the radio receiver. The frequency of this beat
note is dependent upon the difference between the frequencies of the
carrier waves emitted by the two broadcasting stations.

The broadcasting art is apparently just now beginning to accom-
plish in actual operating practice, a control in the carrier frequencies
of broadcasting stations which is close enough to reduce the beat
frequency below that which is readily reproduced by the ordinary
radio receiver. This will largely eliminate the troublesome heterodyne
note. The remaining interference will be in the form of crosstalk
between the sidebands of the two stations.

In the example considered in Fig. 3, the area covered by either
station may fluctuate between a circle about five miles in diameter
and a circle as large as 200 miles in diameter.

There can be considered two general classes of these multiple
assignment channels:

(a) Channels on which stations are assigned which have high
enough power to cover the maximum non -fading area with a
substantial field intensity. Stations on such channels should not
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be too close together geographically if interference on that channel
is not to be troublesome.

(b) Channels on which stations having low power are assigned.
Since the signals from these stations will only cover a small
distance before being so affected by noise as to be unsatisfactory
these stations can be assigned closer together geographically.

400000

100 000

10 000

1000

100

10

1

(1) (1)

(2)

Ili

IX aoo soo

500 400 300 SOO 100

Otottaar In Vile, from Slaw Station

0
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As pointed out above, the general problem of broadcasting alloca-
tion involves a determination of the number of available assignments
of each of the twg kinds under discussion.

One assignment would be available for each clear channel and it
may be assumed for the purpose of this discussion that four full-time
station assignments could be made to each multiple assignment channel
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in an area such as the United States. (This may, quite surely, bepracticable if there is sufficiently close frequency control). The totalnumber of assignments available for the country would be somewhere
between the limits of 90 (assuming 90 clear channels) and 360 (as-suming no clear channels). The curve on Fig. 4 shows the number of
full-time assignments which would be available assuming any particu-lar number of clear channels between these limits. If, for example, 50channels are given single full-time station assignments, 40 would re-main on which multiple assignments could be made. This would give,under the assumptions above, a total of 210 assignments.

The question is sometimes raised of the relative usefulness ofchannels in different parts of the broadcast band.
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As a general rule, and subject to modification on account of the
different transmission in different parts of the country, it would seemdesirable that equally high power be used by stations assigned toadjacent clear channels. As may be seen from the curves in Fig. 1, thedaytime transmission on the lower frequency channels is ordinarilysomewhat better than on the higher frequencies. Since the channels to
which single full-time station assignments are made most effective forrural coverage, it would seem desirable that these channels be thosewhich are likely to cover the greatest distances during the daytime re-
gardless of night-time transmission. This would mean that the single
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assignment or clear channels should, other things being equal, be those
at the lower frequency end of the broadcasting range. From the broad
standpoint of broadcast allocation it would seem desirable to apportion
the channels in different parts of the band among the different portions
of the country and thus provide equality in this respect as far as
possible.

It has been pointed out that while a channel having but a single
assignment gives as good rural service as radio makes possible, it
gives best service to the region in the general vicinity of the station
having that assignment. The distribution of these clear channel assign-
ments might, from this standpoint, be made proportional to popula-
tion. That is, the number of "single assignment" channels designated
for use in each of several regions or "zones" might be made propor-
tional to their populations. If the zones or geographical units to
which these clear channels are assigned are fairly large, and the num-
ber of them correspondingly small, more flexibility is possible in making
assignments to individual stations. The number of stations which may
be assigned to a "multiple assignment" channel does not depend at
all upon population density but is dependent largely upon distance.
The distribution of such assignments among geographical units might
from this standpoint, therefore, be made proportional to area. On
account of the fact that a fairly large number of assignments of this
class is available for a country as large as the United States, the
geographical units to which they are apportioned may conveniently
be more numerous and therefore smaller than in the case of the single
assignment channels. One way, for example, would be to distribute
these assignments (on multiple assignment channels) to the several
states in proportion to their areas.
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A STUDY OF HETERODYNE INTERFERENCE*
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(Consulting Engineer, New York City)

/N the days of radio prior to popular broadcasting, substantially
the only use of the word "heterodyne" was as a designation for
the type of radio receiver whose invention is generally credited

to R. A. Fessenden. This heterodyne receiver was, and still is, the
most satisfactory type of system for continuous wave operation.
It involved the combination of one set of forces, produced by the
received wave, with another set of forces generated under the control
of the receiving operator; and hence the name "heterodyne" was
coined for it, from the Greek words meaning "other" and "force."
A history and description of this receiver, together with certain im-
provements, is given in an earlier paper.'

At the moment the most convenient form of heterodyne receiver
utilizes the oscillating audion with either self-contained or separate
rectification. For heterodyne reception it is desirable, and indeed
practically essential, that the frequency of oscillations generated at
the receiving station shall be under exact control of the receiving
operator. Such control makes it possible for this operator to choose
at will a frequency of beat -note signal response that is best suited
to his ear, to his audio -frequency apparatus, and to the conditions
of interference. It is well understood that when two continuous radio -
frequency oscillations are superimposed and rectified, the result
will be a variation of substantially simple wave form having a fre-
quency equal to the difference between the two interacting frequencies.
This type of action when applied at radio frequencies has come to be
known as the heterodyne principle. It is old in its acoustic and optical
analogues, and dates from about 1901 in radio. It is variously used,
not only in reception, but also for measurement, for the production
of standard frequencies, for frequency transformation in speech-
inversion systems, etc.

We now have to consider an interesting situation produced by the
organization and growth of an extensive system of continuous-wave
radio telephone transmitters operating in the frequency range of

Dewey decimal classification: R170. Original manuscript received by the
Institute, April 11, 1929. Presented at Fourth Annual Convention of the
Institute, Washington, D. C., May 13, 1929. .

1 John V. L. Hogan, "The Heterodyne Receiving System", Paoc. I. R. E., 1,
75; July, 1913.
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550 to 1500 kc and used for broadcasting. In order to accommodate
the maximum number of transmitting stations in this limited band
of 950 kc and to allow reasonably high modulation frequencies (2500
cycles without overlap between two stations on neighboring channels),
the transmitters have been nominally adjusted or assigned to fre-
quencies separated by 10 kc. Thus, including the terminal frequencies,
96 channels are made available.

If at a given point signals are simultaneously received from two
transmitters operating at 10 kc difference in frequency, and if the
receiver does not by its selectivity reduce substantially to zero the
currents produced by one of the two stations, the rectifier output
will contain a 10,000 -cycle current. This may easily be picked out
of the detector circuit of an average broadcast receiver, by means of a
resonant circuit, and amplified sufficiently to operate a loudspeaker
having a good response to high audio frequencies. It is ordinarily
overlooked by the broadcast listener because its effect is minimized
by several cumulative factors. In the first place, the geographical
distribution of broadcasting stations and wave frequencies is designed
to prevent waves of substantial intensity and only 10 kc difference in
frequency from occurring in any part of the United States. Secondly,
the usual receiver has an audio system which will not respond strongly
at 10,000 cycles. Thirdly, this frequency (which is more than an octave
above the fundamental of the highest note on the piano keyboard)
is not easily heard by the majority of listeners.

Thus, if there were exact regulation of broadcast transmitter fre-
quencies, there would be practically no heterodyne interference in
broadcast reception. But the fact is that broadcast transmitters
are permitted to wander from their assigned frequencies by as much
as 500 cycles, and often deviate by far greater amounts. This deviation
from assigned frequency produces two species of heterodyne effect,
either of which may seriously trouble those who are listening in.

The first class of these effects is the result of heterodyne inter-
ference between stations nominally operating on adjacent channels,
and, therefore, supposed to be 10 kc apart in frequency. If the higher
frequency station is actually 500 cycles low while the lower frequency
station is 500 cycles high, their difference will be 9 kc. This differential
will not ordinarily produce a troublesome background note, for average
receiver response to 9 kc is not much better than to 10 kc. But should
the two waves be permitted to approach each other still more closely
say to 8, 7, or 6 kc, listeners will be disturbed by the well-known
"peanut -whistle" accompaniment to their received music and speech.
The remedy for this type of heterodyne interference is to insist upon
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maintenance of broadcast transmitter frequencies within less than
500 cycles.

The second class of heterodyne interference produced by fre-
quency deviation is of far greater seriousness to the broadcast service.
When a channel is occupied by two or more transmitters operating
concurrently, any receiver so located that it can intercept signals of
even relatively small field intensity from both stations will have pro-
duced in its rectifier output a current variation of the differential
frequency. If the two transmitters are operating at exactly the same
frequency the differential will of course be zero, and heterodyne
interference as it is usually considered= will not occur. If either station
departs from its normal frequency, however, a continuous a.c. com-
ponent will appear in the audio system of the receiver. If the net
deviation is such as to produce a differential of even 100 cycles, the
resulting beat -tone may be quite distressing and if the differential
frequency lies between this value and the maximum of 1000 cycles
(i.e., the maximum that would be permissible under strict enforce-
ment of the present regulations) the effect upon received speech
and music may be even worse. Such frequencies are within the most
commonly used musical range, to which the usual audio systems give
maximum response, and consequently could not be better chosen if
one's intention were to produce the most aggravating character of
tone interference.

What can be done to minimize or eliminate this type of heterodyne
interference? Nothing so far suggested for use at the receiver has
been successful in doing away with audible beat interference unless
at the same time it eliminated or reduced the receiver response to
musical tones of the same or similar frequencies. Failing a new method
of attack at the receiving end (which there seems no reason to expect
will be forthcoming) one is driven to consider the transmitter organi-
zation.

In general, there are three things that can be done. The obvious
and simple cure is to assign only one transmitting station to each
channel, i.e., to "clear" all channels. On the present band assigned
for broadcasting this would permit simultaneous operation of only
96 stations in the United States and Canada. While with proper
location and power for each station such an organization might deliver
the most reliable and most varied radio service to the greatest number
of listeners, it. would not satisfy the present urgent demand for com-
munity, local, and regional services. However, insofar as channels

Synchronized or approximately synchronized transmitters may produce
various types of interference the discussion of which is beyond the scope of the
present paper.
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are and can be cleared the heterodyne interference on those channels
is removed and the stations using them are permitted to give the
maximum service possible.

Recognizing that a certain number of channels should be devoted
to such local and regional services as will permit the assignment
of from two to perhaps twenty simultaneously -operating stations
per channel, what can be done about reducing heterodyne interference
on these channels? The factors one has under control are only the
location of each of the stations and the power (and modulation per-
centage) it is to use, for all the stations on one channel are assumed
to operate at the same frequency. But that very assumption brings
to light another factor that can be controlled, viz., the deviation
from assigned frequency that will be permitted in any case.

Probably the most important of these factors is the matter of
geographical location of the stations assigned to any one channel.
How important this is can be seen at once by considering two limiting
cases. For example, if two transmitters assigned to use the same
wave frequency but actually differing by 500 cycles (half the maximum
permitted under present regulations) are located immediately ad-
jacent each other, it is obvious that for the same power and modula-
tion their service areas will substantially coincide. However, when
both transmitters are in operation neither will be competent to give
any desirable program service for the reason that a strong beat tone
of 500 cycles (thus having a pitch about one octave above middle C)
will be heard in any receiver located in or even well beyond the joint
service area. In general, for this case, the beat tone will be louder
than the signal modulation of either transmitter. This situation,
fortunately, it has been possible to avoid in practice; the condition
has existed in each of several localities for a short time both in the
early days of broadcasting and recently, but has always been promptly
recognized as producing an intolerable type and amount of hetero-
dyne interference.

The antithetical limiting case is that of two transmitters located
at maximum distance from each other (say 3000 miles, with reference
to the continental United States) and, as before, assigned to the same
channel or frequency. Let us again assume that the actual operating
frequencies of the two stations differ by 500 cycles. Then the question
of whether or not heterodyne interference will exist by reason of a
substantial geographical overlap of the two waves will depend upon
a number of factors as follows:

(1) The radiated power (and modulation) of each station.
(2) The conditions governing wave transmission at the frequency

and at the time under consideration.
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(3) The location of the receiving point with respect to each station.
(4) The sensitiveness of the receiver.
(5) The field intensity of noise at the receiving point.
(6) The character of radio service desired or expected at the

receiving point.
It should be obvious that no simple rule can be laid down that

will permit immediate determination of the question of whether
or not heterodyne interference will result from any given setup of
stations. There are, however, a number of practical limiting values
that have been determined by long observation of broadcasting
conditions, and these may be used to outline more or less completely
the border zones that lie between conditions that are certain to produce
interference and those that are certain not to produce interference.

Considering the second assumed case, viz., two stations 3000
miles apart and differing in frequency by 500 cycles, we can say
at once that as a practical matter no heterodyne interference will
be produced if each of the two plants radiates 50 watts of power or
less. It may be useful to consider why this is so. In the first place
neither station can be expected to produce anywhere or any time a
signal stronger than the "unabsorbed" value of its radiation, if our
observations can be trusted. Even on the best winter night, then, the
signal will be no greater than

5.8%/P
E /I= (1)d

where Ef is field intensity in millivolts per meter, P is radiated power
in watts, and d is distance separating sender and receiver in miles.

In the second place, very little useful program service can be
rendered at a point so distant that less than 0.1 my per meter is
delivered. By the relation (1) this is seen to be 410 miles from the
50 -watt transmitter, under the most favorable conditions. Actually
the average night winter -time service will be had over only a much
smaller distance for even such feeble signals as 100 or per meter,
but for preliminary interference determination it is safest to assume
the maximum transmission distances that can occur.

The next question, then, is what comparative signal can the distant
(second) station deliver at a point 2,590 miles from the first. Consider-
ing again the "unabsorbed" or maximum value, this is shown by (1)
to be 0.0158 my per meter at the distance of 2590 miles. The ratio of
desired to interfering field intensities is, then, 100 to 15.8 or 6.32.
This low value of the ratio will produce not only strong heterodyne
interference but also cross -talk between the stations, but of course
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only at times of most favorable transmission. Such times will occur,
however, and probably more often during a winter night as the wave
frequency used approaches the 1500-kc end of the spectrum assigned
to broadcasting. It is not unusual for 50 -watt transmitters to be
heard reasonably well at distances of 400 miles. Consequently, it
will not be unusual for another 50 -watt station to produce heterodyne
interference or even occasional crosstalk at the extreme ranges of the
first, even though it may be located across the continent.

The obvious conclusion is that if all heterodyne interference is to
be eliminated from the broadcasting band, stations of power even so
small as 50 watts must not be assigned to the same channel, although
they are separated geographically by transcontinental distances.
But one may well ask whether such extreme protection of the service
of a small station is in the best interest of the listeners of the country.
Would not more people be better served if some interference with weak
signals were permitted, so that groups of listeners centered about each
transmitter might be provided with a greater variety of programs
at better intensity levels?

For example, let us suppose that a minimum useful signal is of
1 my per meter intensity, and that, as the measurements of the Bureau
of Standards have shown, the average night-time signal has about
one-half the "unabsorbed" field intensity. Thus, cutting the coefficient
of equation (1) in half, we have the relation:

2 . 9N/T) (2)

d

A 50 -watt transmitter will, on this basis, deliver the assumed
1.0 my per meter signal at a distance of 20.5 miles. This figure is
readily recognized as more nearly what may be expected on average
good nights, in the absence of interference, from a 50 -watt plant. The
second station, now 2980 miles from the receiving point, will produce
a signal of only 0.0069 my per meter, and the ratio of field intensities
will be 1000 to 6.9, or 145. Such a ratio is not competent to produce
severe crosstalk though it may cause a heterodyne whistle, for it
is generally agreed that a value of 100 to 1 is necessary to make cross-
talk negligible and of as much as 500 to 1 for the practical elimination
of a medium -frequency beat. Nevertheless, with an average ratio of
145 it will be seen that the service zone of 20 miles radius around each
transmitter should be free of interference except as a slight whistle
drifts in and out.

In the above we have assumed that the two stations differed in
frequency by 500 cycles, each being off frequency by 1/2 the amount

Ef
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permitted under present regulations. The audio systems of most
broadcast receivers are extremely effective at frequencies of 500 to
1000 cycles per second, but relatively inefficient at frequencies of
50 cycles or less. If, then, the stations assigned to the same channel
were required to maintain their frequencies to within 25 cycles (as
can readily be done with well designed and commerically available
apparatus) the pitch of the beat tone could be carried down below the
sensitive range and the interference produced by it made little or no
more troublesome than that caused by crosstalk. With such frequency
control the heterodyne whistle above referred to would be eliminated
and the stations would be serving their respective zones without
interference.

So far we have given no direct consideration to noise level at the
receiving point, although this is the primary factor in selecting the
field intensity necessary to produce a service signal. It is well recog-
nized that a signal of 10 my per meter is necessary to give reliable
service where real and continuous freedom from noise is desired, and
that even this is inadequate in some cases. Since a field intensity
ratio of 100 to 1 gives, with modern_ receivers, a discrimination of
about 40 db in the audio circuits, and since 40 db represent approxi-
mately the difference between ordinary speech and an audible but
hardly intelligible whisper, one may conclude that average noise
levels rise to values well above 0.1 my per meter. Thus, interference
from waves of less than 0.1 my per meter intensity, if of a frequency
not more than 50 cycles from that of the desired wave, may be less
troublesome than the noise interference. This would mean that the
0.0069 my per meter interference occurring in the second case dis-
cussed above would often be negligible with respect to noise inter-
ference. It explains why, as a practical matter, 50 -watt stations need
not be kept 3000 miles apart in order to avoid mutual interference
under average conditions.

But let us consider the question of increased power. We have seen
that two 50 -watt plants if well separated may be expected to deliver
a 1-mv per meter service in their respective zones of 20 miles radius.
If their power be increased to 5000 watts each the same field ratio of
145 to 1 will be had at a point 20 miles from one and 2980 miles from
the other, but the field intensities will be multiplied by 10 for the
same conditions. In other words, the desired signal will be 10 my per
meter and the interfering signal 0.069 my per meter. Even this latter
value is well below the noise level often observed, but unless the fre-
quencies of the two stations are closely regulated and their differential
brought to 50 cycles or less, the interfering whistle will be present
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frequently enough in winter time to be rated as producing heterodyne
interference. Moreover, a 5000 -watt station might well expect to
serve an area greater than 20 miles in radius, since it will normally
produce a 1-mv per meter signal at 200 miles. In this case the inter-
fering signal from the second station, now 2800 miles away, will be
0.073 my per meter and the ratio 1000 to 73 or 13.7, which will give
substantial crosstalk and a very bad heterodyne whistle unless the
25 -cycle deviation limit is required. Even then the crosstalk and
quality interference indicated would suggest that 5000 -watt stations
should not be assigned to the same channel within continental limits.
Of course they would produce no crosstalk in their legitimate service
areas during daylight or during nights of high absorption, but the
services of both stations would suffer on good winter nights.

Such an analysis, however incomplete, serves to emphasize that
the heterodyne interference problem is strictly a practical matter.
Until one defines that character of broadcast service that he intends
to protect from heterodyne interference, no rules can be formulated.
Even then he must decide whether he wishes to preclude the possi-
bility of beat interference at any time, whether he will permit oc-
casional interference and protect average winter -night conditions, or
whether he will merely arrange matters so that each station on a shared
channel will reliably serve a small area immediately adjacent to its
transmitting antenna. The practical station allocations as to power
and separating distance will differ widely depending upon which
end is intended. If it is desired to provide for the simultaneous opera-
tion of a large number of transmitting stations, so as to give outlets
for the local features and activities of a large number of communities,
the last -defined condition is the only one that can be met. Listeners
not located within these small areas must then be served by powerful
stations scattered over the country and each operating at night
upon a cleared channel.

It may be interesting to conclude this analysis of heterodyne
interference in the broadcast band by looking briefly at one of the
channels as set up at this writing. Considering 570 kc, for instance
we have the possibility of eight stations in simultaneous night-time
operation, as follows:

1
WSYR Syracuse, N. Y. 250 w, or
WMAC Cazenovia, N. Y. 250 w

2
WNYC New York, N. Y. 500 w, or
WMCA New York, N. Y. 500 w

3
WSMK Dayton, Ohio 200 w, or
WKBN Youngstown, Ohio 500 w
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4 WWNC Asheville, N. C. 1000 w
5 KGKO Wichita Falls, Tex. 250 w

WHA Madison, Wis. 750 w, or

6
WNAX Yankton, S. D. 1000 w, or
WPCC Chicago, Ill. 500 w, or
WIBO Des Plaines, Ill. 1000 w
KUOM Missoula, Mont. 500 w, or
KXA Seattle, Wash. 500 w
KMTR Hollywood, Cal. 1000 w, or
KPLA Los Angeles, Cal. 1000 w

To study in detail the effects of each of these stations upon each
of the others would be too extensive an undertaking for the present
paper. We may, however, note the following conclusions based
upon good average winter night-time transmission conditions:

WNYC and WMCA should produce a 1-mv per meter signal at
65 miles radius. A point on this circumference is only about 135 miles
from WSYR, which station will deliver there a 0.34 my per meter
field. The ratio is about 3 to 1, and both crosstalk and severe hetero-
dyne interference necessarily follow. A point on the same circum-
ference, in the direction of WKBN, is about 330 miles from that
station. WKBN should deliver to that point an average field of 0.19
my per meter, giving a field intensity ratio of 5.2 to 1 as against the
100 to 1 that is needed to minimize interference. The interfering
field from WWNC is 0.17 my per meter and the ratio not quite 6 to
1. Even from KGKO the field is 0.032 my per meter and the ratio
therefore only 31 to 1. It is quite evident that few if any of the stations
on this channel can ever attain their normal winter -time range, because
of the limitations enforced by crosstalk :and heterodyne interfer-
ence.

All of this leads inevitably to the conclusion that the duplication
of stations on any:channel necessarily restricts the service area of
each to the region immediately surrounding its transmitting antenna.
In daylight, or at other times of high absorption, its signals will not
travel far before falling below the noise level. At times of low ab-
sorption or low noise level (or both) the service area will be limited
first by heterodyne interference and second by crosstalk. The areas
served by each station, however, may be substantially increased
if all are required to maintain their carrier frequencies with not more'
than 25 cycles deviation from the assigned frequency. Even then,
however, a field ratio of 100 to 1 must mark the limit of the useful
service zone.
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In the broadcast band, then, heterodyne interference may be
eliminated or minimized by:

(a) Operating no more than one station at a time on each channel,
within the continental United States and at night. This
will permit service to reach remote or rural points.

(b) Operating more than one station on each channel, but re-
quiring each to maintain its carrier frequency within 25
cycles of the assigned value. When such stations are located
sufficiently far apart to avoid crosstalk between them, this
will permit service to reach relatively limited areas immediately
surrounding each station.

One other type of heterodyne interference should be mentioned.
This is the occasional squeal or whistle of varying pitch that is heard
when a radio wave of continuously changing frequency swings through
the carrier being received. It is sometimes noted when a broadcast
station tests "on the air," or when a neighbor using a type of radiating
receiver allows it to oscillate strongly. Fortunately neither of these
causes is much of a factor in broadcast reception today, so that we
no longer concern ourselves with the desirability of legislating against
the use of radiating broadcast receivers.

Outside the broadcast band one hears relatively little of heterodyne
interference. The low -frequency waves from 10 to 60 kc or there-
abouts, carrying long distance continuous wave telegraph and facsimile
services, are under rigid control by those who use them. The various
channels have been selected to avoid both crosstalk (if that word is
permissible where telegraphy and not telephony is concerned) and
heterodyne interference. The medium -distance waves from 60 to
120 kc are also telegraph waves in the main, and while not as definitely
assigned to specific point to point services as those of lower frequency,
are nevertheless used in such a way as to avoid beats between pairs
of transmitters in simultaneous operation. The marine and other
services using waves from 120 to 550 kc are relatively flexible, and,
largely following the precedents of years of spark telegraphy, operate
under conditions where interference may be expected at almost any
time. The remedy here is usually either to change to another and
temporarily unused frequency, or to wait until the interfering station
is through sending.

The frequencies from 550 to 1500 kc, constituting the broadcast
band, have already been considered in some detail. It is here that
heterodyne interference is most prominent, because of the simultaneous
operation for hour after hour of a large number of transmitting
stations.
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In the vast high -frequency range above 1500 kc, which is rapidly
coming into more and more extensive use, we should apply carefully
the principles that have been taught by our experience in broad-
casting. The strictest frequency stability requirements commensurate
with the state of the art should be made, and duplicate station assign-
ments to the same channel must be scrutinized with care if unnecessary
interference is to be avoided. It is particularly important to keep
clear the channels assigned to long-distance public radio telephony,
to the various radio picture services being developed, and to relay
broadcasting. All of these serve or will serve large numbers of people,
and in none of them can the effect of interruptions be overcome by
the simple expedient (so common in the telegraph services) of re-
peating a word or two.

Perhaps 90 per cent of the radio receivers now in use at frequencies
above 1500 kc are capable of radiating substantial amounts of power,
and consequently of disturbing reception at many points around them.
The heterodyne interference produced by the improper use of such
receivers may destroy long distance telephonic or telegraphic recep-
tion, may cast a blanketing pattern on the screen of a "television"
receiver, or may spoil a musical program being rebroadcast to thousands
of listeners. In the high -frequency spectrum, as has already been
done in the broadcasting band, radiating receivers will have to be
discarded. This, together with proper channel spacing, careful carrier
frequency control and thoughtful geographical assignments of power
and waves, will go far to prevent the development of heterodyne
interference problems in this newest field of radio.
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BY
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(United States Supervisor of Radio, Second Radio District, New York, N. Y.)

Summary-The purpose of this paper is to present a brief history of the Radio
Inspection Service of the Department of Commerce from its inception July 1, 1911,
up to and including the present day, together with an outline of the scope and general
nature of the work performed by this important agency of the Government. The
subject matter included in this paper may, therefore, be classified as historical and
administrative, the latter including matters of engineering and law enforcement.

HISTORICAL

THE Radio Inspection Service of the Department of Cemmerce
was established and placed under the supervision of the Bureau
of Navigation of the Department of Commerce and Labor'.

following the passage of the Wireless -Ship Act, approved June 24, 1910,
to take effect on July 1, 1911.2 Under this statute it was unlawful for
any ocean-going steamer of the United States, or of any foreign coun-
try, carrying fifty or more persons, including passengers and crew,
to leave or attempt to leave any port of the United States unless such
steamer was equipped with an efficient apparatus for radio communi-
cation, in good working order, in charge of a person skilled in the use
of such apparatus and that such apparatus was capable of transmitting
and receiving messages over a distance of at least one hundred miles
day or night. The statute further provided that the apparatus required
shall not be deemed to be efficient unless the company installing it
shall contract in writing to exchange, and shall, in fact, exchange,
as far as may be physically practicable, to be determined by the
master of the vessels, messages with shore or ship stations using
other systems of radio communication; and, further, that the master
or other person in charge of such a vessel which leaves or attempts
to leave any port of the United States in violation of any of the pro-
visions of this Act shall, upon conviction, be fined in a sum not more
than $5,000 and any such fine shall be a lien on any such vessel,
and such vessel may be libeled therefor in any district court of the

' Dewey decimal classification: 8.007.2. Original manuscript received by the
Institute, April 17, 1929. Presented at Fourth Annual Convention of the
Institute, Washington, D. C., May 13, 1929.

1 The Act of March 4, 1913, among other things changed the designation
of the Department of Commerce and Labor to the "Department of Commerce"
and the title of Secretary was changed to "Secretary of Commerce."

An Act to require apparatus and operators for radio communication on
certain ocean steamers, approved June 24, 1910.
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United States within the jurisdiction of which such vessel shall arriveor depart and the leaving or attempting to leave each and every portof the United States shall constitute a separate offense. The concludingsection of the statute required the Secretary of Commerce and Labor tomake such regulations as were necessary to secure the proper executionof the Act by Collectors of Customs and other officers of the govern-ment. The statute did not apply to vessels plying between ports lessthan two hundred miles apart.
The original plan called for the appointment of four Radio In-spectors for ship inspection work. The districts to be covered by these

inspectors consisted, (1) New York and New England ports, (2) Atlan-tic ports from New York to Florida, (3) Gulf ports and (4) ports on thePacific. Owing to the failure of Congress to authorize the full appro-priation originally asked, it was possible only to appoint two RadioInspectors.

The Inspectors appointed were Mr. W. D. Terrell of New York andMr. R. Y. Cadmus of Bay City, Mich. They were selected from theclassified Civil Service list on the basis of their experience in telegra-phy, knowledge of electricity, wireless apparatus, and administrativeability. Following their appointment they were sent to the Bureauof Standards at Washington, D. C., for a short course of training inelectricity and radio. Upon completion of their work at the Bureauof Standards, Inspector Terrell was assigned to duty at the port ofNew York, with jurisdiction over New York and New England ports,and Inspector Cadmus was assigned to duty at San Francisco, Calif.,with jurisdiction over ports on the Pacific Coast.
The statutory duty of the Radio Inspectors was to examine andtest the radio equipment on board all vessels, foreign and domestic,clearing from ports in the United States, subject to the Ship -Act,in order to determine, prior to vessels' clearance for sea, that the radioequipment was in good working order as required by law. It is ofinterest to note that the 1910 Wireless -Ship Act made no referenceas regards wavelengths or call letters, nor were there any requirements

regarding the licensing of the stations or the operators employed there-in. The principal intent of the law was to provide safety of life at seaby requiring apparatus and operators on certain ocean steamers, also
to prevent the use of apparatus incapable of intercommunicating withship and shore stations employing other radio telegraph systems.'The Congress of the United States is the first legislative body to enact

3 Statement of Admiral H. N. Manney, U.S.N., cited in publication en-titled "Hearings Before Senate and House Committees in Connection withRadio Legislation." 1908-1913, p. 45, 46.

1 ..=--.-
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a law on this important subject,4 and the 1910 Wireless -Ship Act
marks the formal recognition by the United States of radiotelegraphy
as an indispensable agency for promoting safety of life at sea. It is
generally recognized, however, that other nations were considerably in
advance of the United States in other important essentials relating to
the regulation of radio communications.

The first year of operation under authority of the 1910 Wireless -
Ship Act clearly demonstrated the importance of the enactment, and
on July 23, 1912, Section 1 of the 1910 Act was amended to take effect
on October 1, 1912.6 The amended Act made mandatory the providing
of two or more operators skilled in the use of the radio apparatus,
one or the other of whom shall be on duty at all times while the vessel
was under way, an auxiliary power supply, independent of the vessel's
main electric plant, capable of enabling the transmitting set to send
messages over a distance of at least one hundred miles day and night,
and the installation of an efficient communication system between
the radio room and the bridge in good working order at a ll times.
The amended act applied to vessels licensed to carry as well as those
actually carrying 50 or more persons, including passengers or crew
or both.

The equipment, operators, watches, and service in the case of
vessels of United States registry were placed under the supreme author-
ity of the master, and every wilful failure on the part of the master
to enforce at sea the provisions of this Section rendered him subject to
a penalty of $100.00. The amended Act so far as it relates to vessels
navigating the waters of the Great Lakes went into effect on April
1, 1913, and on July 1, 1913 in the case of ocean going cargo vessels.

The next important radio legislation considered in the United States
was the Berlin Radio Telegraph Convention.6

The Berlin Radio Telegraph Convention was the first International
Radio Telegraph Convention to be signed by the United States. The
membership of the Convention consisted of twenty-seven countries.
The Convention contained twenty-three articles, the Supplementary
Agreement three, Final Protocol seven, and there were forty-two Ser-
vice Regulations.

It is a pleasing commentary that the Berlin Radio Telegraph Con -
4 Annual Report of the Commissioner of Navigation, fiscal year 1910,

Wireless Regulation, p. 28.
An Act approved July 23, 1912, amending section 1 of an Act entitled

*An act to require apparatus and operators for radio communication on certain
ocean steamers," approved June 24, 1910.

° Berlin Radio Telegraph Convention, signed in Berlin on November 3
1906, ratified by the Senate of the United States on April 3, 1912 and proclaimed
by the President of the United States, May 25, 1912.
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vention,7 proclaimed by the President of the United States on May 25,
1913, marks the formal recognition by the United States of radio com-
munication as an indispensable agency of International Commerce.

The Berlin Convention continued in force until July 8, 1913, on
which date the London International Radio Telegraphic Convention
proclaimed by the President went into effect.

Following the adoption of the Berlin Radio Telegraph Convention
the Congress of the United States passed an act to regulate radio com-
munication.8

On August 13, 1912, the Congress of the United States passed a
comprehensive radio law containing eleven sections and nineteen regu-
lations. The sections contained the general substance of the law where-
as the regulations, although having the force of law, were in the form
of service instructions. The 1912 law continued in force until February
23, 1927, on which date the Congress of the United States passed a ra-
dio bill entitled "an act for the regulation of radio communications,
and for other purposes."

The next important radio legislation considered in the United
States was the London International Radio Telegraphic Convention."

The London International Radio Telegraphic Convention, pro-
claimed by the President July 8, 1913, was the second International
Radio Telegraphic Convention to be signed by the United States. The
membership of this convention consisted of forty-four countries includ-
ing their possessions and protectorates. The Convention contained
twenty-three articles, the Final Protocol three, and the Service Regu-
lations affixed to the Convention contained fifty articles, the last five
of which were cited under Miscellaneous Provisions.

The administration of the radio law embodied in the Acts of June
24, 1910, July 23, 1912, the act of August 13, 1912, repealed by the
passage of the Radio Act of 1927, and the London International Radio
Telegraphic Convention was lodged in the Bureau of Navigation of the
Department of Commerce until February 26, 1927, on which date
these activities were removed from under the jurisdiction of the Bureau
of Navigation and placed under the immediate supervision of the Se-
cretary of Commerce. Mr. Wm. D. Terrell, Chief Radio Supervisor,
Bureau of Navigation, was placed in charge of the newly formed Divi-
sion and given the title of Chief, Radio Division.

7 A convention is a treaty concerning commercial rather than political
matters. 12 A.L. and P. 8 Sect. 5.

 An act to regulate radio communication, approved August 13, 1912.
 The Radio Act of 1927.
10 London International Radio Telegraphic Convention signed at London

July 5, 1912, ratified by the Senate of the United States on January 22, 1913
and proclaimed by the President of the United States, and took effect July 8, 1913.
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The Radio Act of 1927 contained forty-one sections and represents
the most extensive national legislation on the subject of radio to date.
Under this Act five zones were established and five commissioners
appointed, each a citizen of the United States and each a resident of a
State within the zone from which he was appointed. The Commissioners
were appointed by the President for terms ranging from two, three,
four, five, and six years, respectively, from the date of the taking effect
of the Act, with headquarters located in Washington, D. C.

Section 5 of the Act provided that from and after one year after
the first meeting of the Commission, created by this Act, all the powers
and authority vested in the Commission under the terms of this Act
except as to the revocation of licenses shall be vested in and exercised
by the Secretary of Commerce except that thereafter the Commission
shall have power and jurisdiction to act upon and determine any and
all matters brought before it under the terms of this Section.

For the purpose of this paper, time and space will not permit a full
statement of the many involved matters set forth in the Radio Act of
1927. It is important, however, and mention is here made of the close
relationship that exists between the Radio Division of the Department
of Commerce and the Federal Radio Commission. The duties of both
agencies are set forth in the law, and each have rather well defined
duties. Yet, it is a difficult matter to determine in many instances just
where the work of one leaves off and the other begins. The Radio Com-
mission is not responsible to any executive officer, but rather reports
direct to Congress. Its duties are both administrative and judicial,
whereas the duties of the Radio Division are largely administrative,
and as a general proposition the Division reports direct to the Secre-
tary of Commerce, although there are certain matters which require
it to report directly to the Federal Radio Commission. The Depart-
ment of Commerce is directly charged with the enforcement of the Act
of June 24, 1910, amended, to require apparatus and operators and
the examination and licensing of radio operators. In addition to these
duties, the Radio Division through its field inspection force makes
regular inspections of radio stations ashore and afloat, and conducts
investigations of the various forms of interference affecting the several
radio services. The Radio Division from time to time makes inves-
tigations and inspections at the request of the Federal Radio Commis-
sion in addition to those which it makes regularly under its general
authority. These inspections include both general inspections and
inspections for licenses of the several classes of stations licensed by the
Federal Radio Commission.

On March 28, 1928, Congress passed a law continuing the powers
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and authority of the Federal Radio Commission as conferred under
Radio Act of 1927 until March 16, 1929.11 The following other impor-
tant changes were embodied in this act. Section 3 limits the license
period of broadcasting stations to three months and all other classes
of stations to a period not to exceed one year.

The second paragraph of Section 9 of the Radio Act of 1927 was
amended to include an equality of radio broadcasting service both of
transmission and reception. The amended. Act also required an equal
distribution of broadcast station licenses, bands of frequency or wave-
lengths, periods of operation and equal power to each zone by increas-
ing or decreasing power when applications are made for licenses or re-
newals thereof, provided that if and when there is a lack of application
from any zone for the proportionate share of licenses, wavelengths,
time of operation of station power to which such zone is entitled, the
licensing authority may issue licenses for the balance of the proportion
not applied for from any zone, to applicants from other zones for a
period of ninety days each, and shall specifically designate that said
apportionment is only for said temporary period. Allocations shall be
charged to the state, district, territory, or possessions wherein the
studio and not the transmitter is located.

On March 4, 1929,12 Congress continued the powers and authority
of the Federal Radio Commission under the Radio Act of 1927, until
December 31, 1929. Beyond extending the life of the Commission for
the period herein cited the only other important change brought about
under this Act was to the effect that the term of each member of the
Commission shall expire on February 23, 1930, and thereafter Com-
missioners shall be appointed for terms of two, three, four, five, and
six years, respectively, as provided in the Radio Act of 1927. The Act
further authorized appointment of a general counsel at a salary of
$10,000 per annum and assistant counselors not to exceed three, at
a salary of $7,500 each per annum. The Commission is authorized
under authority of the Act to appoint such other legal assistants as
it may from time to time find necessary for the proper performance
of its duties.

On October 4, 1927, the International Radio Telegraph Conven-
tion convened in Washington, D. C., and concluded its deliberations
on November 25, 1927. At this Convention eighty nations were repre-

11 An Act approved March 28, 1928, continued for one year powers and
authority of the Federal Radio Commission under the radio Act of 1927, and
for other purposes.

12 An Act approved March 4, 1929, continuing the powers and authority
of the Federal Radio Commission under the Radio Act of 1927, and for other
purposes.
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sented, including their possessions and protectorates. It is of interest
to note that the International Radio Telegraph Convention held in
Washington in 1927 represented the largest gathering of foreign gov-
ernment and private radio interests assembled to date in the history
of Government. The Convention contained twenty-four articles,
thirty-four Service Regulations and seven supplementary regulations.
The Convention was signed at Washington on November 25, 1927,rati-
fied by the Senate on March 21, 1928, signed by the President on Octo-
ber 1928, and proclaimed January 1, 1929.

It is a significant matter that before there were any laws promul-
gated for the control of world-wide radio communication it was rea-
lized by government and commercial engineers and others that the world
in which we live from the standpoint of electrical communications,
particularly radio, is a small place, and that radio communication
constituted a means by which the nations of the world and vessels
navigating the several oceans and other important waterways might
be joined together as a single unit, thus bringing into general use a
new instrumentality for the rendering of a great public service over
land and sea. It is now evident from what has transpired in the field of
international radio communication, both in an engineering and a legis-
lative way, that the ideas expressed by the early investigators of this
important subject were well founded.

It will be of interest, and mention is here made of the following
radio conferences that were held during the years 1919 to 1929, none
of which were subject to legislative enactment: the EU-F-GB-I Proto-
col held in Paris in 1919; the preliminary conference held in Washing-
ton in 1920, for drafting proposals and procedure for consideration
at the Internation Radio Telegraph Conference to be held in Washing-
ton, 1925, which was postponed until 1927; the Inter -American Com-
mittee on Electrical Communications held in Mexico City in 1924;
the 1926 agreement of the Government of the Unites States, Great
Britain including Ireland, Canada and Newfoundland to prohibit
vessels under their jurisdiction from using the 300 -and 450 -meter wave
when within two hundred fifty miles of the coast line of the countries
herein named.

ADMINISTRATION

For the purpose of facilitating the administration of the radio
law and the engineering duties incumbent upon the Radio Inspection
Service an increase in the personnel of the Inspection force was made
and the following Radio Inspection Districts established:

District 1. Headquarters at Boston, Mass.: Maine, New Hanp-
shire, Vermont, Massachusetts, Rhode Island, Connecticut.
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District 2. Headquarters at New York, N. Y. : New York (county of
New York, Staten Island, Long Island, and counties on the Hudson
River to and including Schenectady, Albany, and Rennselaer) and
New Jersey (counties of Bergen, Passaic, Essex, Union, Middlesex,
Monmouth, Hudson, and Ocean).

District 3. Headquarters at Baltimore, Md.: New Jersey (all
counties not included in second district), Pennsylvania (counties of
Philadelphia, Delaware, all counties south of the Blue Mountains, and
Franklin County), Delaware, Maryland, Virginia, District of
Columbia.

District 4. Headquarters at Savannah, Ga.: North Carolina, South
Carolina, Georgia, Florida, Porto Rico. (Headquarters now at Atlanta,
Ga.)

District 5. Headquarters at New Orleans, La.: Alabama,'3 Missis-
sippi, Louisiana, Texas, Tennessee*, Arkansas, Oklahoma, New Mexico.

District 6. Headquarters at San Francisco, Calif.: California,
Hawaii, Nevada, Utah, Arizona.

District 7. Headquarters at Seattle, Wash.: Oregon, Washington,
Alaska, Idaho, Montana, Wyoming.

District 8. Headquarters at Detroit, Mich.: New York (all coun-
ties not included in second district), Pennsylvania (all counties not
included in third district), West Virginia, Ohio, Michigan (lower
peninsula).

District 9. Headquarters at Chicago, Ill.: Indiana, Illinois, Wis-
consin, Michigan (upper peninsula), Minnesota, Kentucky, Missouri,
Kansas, Colorado, Iowa, Nebraska, South Dakota, North Dakota.

ENGINEERING

Radio communication has developed so rapidly during recent years
that time and space will not permit of a full statement of the multipli-
city of technical problems involved in the work of the radio inspection
force.

Following the establishment of the radio inspection service and for
several years thereafter, the technical problems consisted largely of
those relating to the inspection, testing, and adjustment of the several
types of spark transmitters and associated apparatus; the latter com-
prising of the generating plant for supplying electricity to the motor
generator which forms an essential part of the primary circuit of the
radio transmitter; the storage battery emergency power sypply;
charging circuits and the measuring instruments for determining

" States of Alabama and Tennessee now in Fourth Radio Inspection
District.
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the values of voltage, current, and power. In addition, the inspectors
were required to examine and test the several types of receiving sets
then in use. The receiving apparatus was of a rather simple type and
employed principally crystal detectors. Wavemeters were employed
for adjusting the transmitting apparatus to the several wavelengths
then in use. Following the inception and use of the wavemeter which
comprised a simple circuit, Fred A. Kolster, physicist, employed
at the Bureau of Standards, invented an instrument later known as a
Kolster decremeter." This instrument was both a wavemeter and a
decremeter, and was considered one of the most important radio in-
ventions at that time. This instrument not only enabled the wave-
length value of a transmitter or a receiver to be determined, but also
served to measure the pureness and sharpness of the emitted wave.
This instrument served a very useful purpose and is still employed for
measuring damp wave emissions.

In addition to the inspection of commercial radiotelegraph stations
ashore and afloat, the inspection force was required to inspect and test
a large number of experimental radiotelegraph stations engaged in
development and research and privately owned stations, the latter
known as amateur stations. The inspections were made for the pur-
pose of preventing interference and to insure compliance with the
radio laws in other particulars. The 1912 law among other things
required both station and operator licenses, the work of inspecting
radio stations, ashore and afloat, for the several classes of licenses
was an additional duty incumbent upon the radio inspection force.

The examination of applicants for the several classes of operator
licenses was largely performed by the field inspection force. This work
included the preparation of the examination questions, the conducting
of the examinations, rating of papers and issuance of licenses to the
successful candidates. Operator licenses were issued for a period of
two years, therefore it was necessary to issue renewal licenses to opera-
tors having the necessary service for renewals at the end of that period.

As time went on, the radio art developed rapidly; radio stations
and services increased in number and in kind. In addition to the spark
transmitting stations, arc and high -frequency alternator transmitting
stations came into considerable use ranging in power from 2 to 200 kw.
As the arc and high -frequency alternator were radiators of continuous
wave signals it was necessary to develop receivers that would efficiently
respond to such signals, hence the vacuum -tube receiver came into
quite general use.

" F. A. Kolster, "Direct reading instrument for measuring logarithmic
decrement and wave length of electro-magnetic waves," Bureau of Standards
Scientific Paper 235, 1914.
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Regulation 15 of the 1912 law restricted private stations, i.e.,
amateur stations both as to power and wavelength. The power was
limited to 1000 watts with wavelengths not to exceed 200 meters.
In the course of a few years the amateurs developed a very efficient
communication system which later became national and international
in scope. The radio industry owes considerable to the American ama-
teur for the pioneer work done in the field of high frequency, long dis-
tance, telephone and telegraph communication.

The radio art continued to develop and expand, and in 1921 the
first commercial radio telephone broadcasting station was established
and licensed. Subsequent to 1921 stations of this class have increased
in number to some six hundred stations, and the service furnished by
this class of station numbers among the most important in the field of
radio communication. Following radio telephone broadcasting, photo
radio was developed on a commercial basis, and service is now being
carried on between the United States and Europe. Television was next
in line, although at this writing the work is largely experimental.
High -frequency radiotelephone broadcasting and radio beacon stations
on land for furnishing bearings to ships at sea and to aeroplanes moving
over land have come into general use, as has the beacon receiver for
ship and aeroplane use. At this time important experiments are under
way in connection with the development of radio beacon transmitters
for the mobile stations.

In 1927 radiotelephone service was established on a commercial
basis between the United States and England, which service has since
been extended to the principal countries in Europe. The several radio
services herein cited have, as in the case of others, greatly increased
the technical work of the radio inspection service. It is generally
recognized by engineers and others that there are definite engineering
limitations on the use and expansion of radio. It is, therefore, essential
that the most careful consideration be given to the development of
this new instrumentality of commerce. In order to deal adequately with
radio problems, so far as it concerns the radio inspection service, the
Department of Commerce has considerably increased its field force.
In addition to the main offices of the field inspection service, sub -
offices have been opened in Philadelphia, Pa., Buffalo, N. Y., Kansas
City, Mo., Duluth, Minn. (in the summer), St. Paul, Minn. (in the win-
ter), and Los Angeles, Calif. There has been for several years a sub -
office located at Norfolk, Va.

In order to deal effectively with the engineering work of the
field inspection force, the Department of Commerce has purchased
and now has in operation six radio test cars. Each test car represents
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a complete mobile radio laboratory and is equipped with apparatus for
measuring the operating frequency of broadcasting stations, field
intensities from which field contour maps are made, secondary stan-
dards of frequency for calibrating frequency meters and complete
equipment for conducting radio operators' examinations. The receiv-
ing system installed on the test cars covers a wide range of frequencies
and may be operated independently for use in connection with the study
of directional reception and numerous other problems involved in the
study of reception from the several classes of radio transmitting sta-
tions in operation. The test cars represent the latest addition to the
equipment already supplied the main and sub -offices of the field in-
spection force. At this writing, deliveries are about to be made of
secondary standards of frequencies for use in the field offices. This
equipment represents the most modern of its kind developed today
and includes receivers designed with a high degree of sensitivity and
selectivity and covers the entire frequency band employed in the field
of radio communication at the present time.

The Department of Commerce, Radio Division, has plans under
way for the installation of a Constant Frequency Monitoring Station
to be located near Grand Island in the state of Nebraska. It is expected
this station will be completed in the late Fall of this year (1929).
At this writing it is too early in the proceedings to go into the matter
of the construction and operation of this station; however, it is hoped
that it will furnish interesting material for a future paper in the PRO-
CEEDINGS.

LAW ENFORCEMENT

A fundamental rule of the American Constitutional System fixes
the principle that the governmental powers are divided into there
departments, namely, the Executive, the Legislative, and the Judicial.

The enforcement of the Radio Communication Laws of the United
States and the International Radio Telegraph Convention" is vested
in two governmental agencies, the Federal Radio Commission and the
Department of Commerce. The titles of the statutory Acts of Con-
gress and the International Radio Telegraph Convention, enforced
by the Federal Radio Commission and the Department of Commerce
are as follows: An Act approved July 23, 1912, amending Section 1 of
an act entitled "An Act to Require Apparatus and Operators for Radio
Communication on Certain Ocean Steamers" approved June t, 1910,
the Radio Act of 1927, approved February 23, 1927, and the Interna-
tional Radio Telegraph Convention, and general and supplementary

" See United States Constitution; Art .VI, Section 2. See U.S. Constitution;
Art. II, Section 2, Paragraph 2. 14 A. L. and P., 20, Section 22.
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regulations relating thereto, ratified by the Senate on March 21, 1928,
effective January 1, 1929.

The 1910 Wireless -Ship Act is enforced by the Department of
Commerce, whereas the Radio Act of 1927 and the International
Radio Telegraph Convention are enforced jointly by the Federal Radio
Commission and the Department of Commerce. Under the existing
arrangement the Department of Commerce enforces the law in the
field, whereas the Federal Radio Commission enforces the law from its
headquarters at Washington, D. C. As previously stated, there is a
joint responsibility in the matter of law enforcement and full coopera-
tion is maintained at all times between the Federal Radio Commission
and the Department of Commerce.

Section 4, Paragraph f, of the Radio Act of 1927, authorizes the
Federal Radio Commission and the Department of Commerce to make
such regulations as may be necessary for the proper execution of the
Act. These regulations must not be inconsistent with the law and shall
only consist of such regulations as have to do with regulating the mode
of procedure for carrying out the intent of the law.

Appendix

FEDERAL RADIO COMMISSION ZONES ESTABLISHED UNDER
SECTION 2 OF THE RADIO ACT OF 1927

Zone 1 includes the states of Maine, New Hampshire, Vermont,
Massachusetts, Connecticut, Rhode Island, New York, New Jersey,
Delaware, Maryland, the District of Columbia, Porto Rico, and the
Virgin Islands.

Zone 2 includes the states of Pennsylvania, Virginia, West Vir-
ginia, Ohio, Michigan, and Kentucky.

Zone 3 includes the states of North Carolina, South Carolina,
Georgia, Florida, Alabama, Tennessee, Mississippi, Arkansas, Louisi-
ana, Texas, and Oklahoma.

Zone 4 includes the states of Indiana, Illinois, Wisconsin, Minne-
sota, North Dakota, South Dakota, Iowa, Nebraska, Kansas, and
Missouri.

Zone 5 includes the states of Montana, Idaho, Wyoming, Colorado,
New Mexico, Arizona, Utah, Nevada, Washington, Oregon, California,
the territory of Hawaii, and Alaska.
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THE PROBLEMS CENTERING ABOUT THE
MEASUREMENT OF FIELD INTENSITY*

BY
S. W. EDWARDS AND J. E. BROWN

(Radio Division, Dept. of Commerce, Detroit, Michigan)

Summary-A brief recount of some of the major contributions to radio
field intensity measurement work is given, showing that these represent a great
deal of the groundwork on which future developments will be based. The general
problems of this sort of measurement work are discussed, as well as the equipment
with which the Radio Division of the Department of Commerce expects to handle
them. Typical illustrations of radio transmission in cities are given, showing the
necessity and importance of field intensity surveys in the location of radio stations.
The prediction is made that the time will come when all radio broadcast transmitters
of 1 kw or more power will be located on the basis of radio field intensity surveys.

N N examination of the strictly technical aspects of radio trans-
mission developments during the past year discloses some very
interesting and highly important applications of radio field

intensity measurements. While the industry has not yet by any means
taken full advantage of radio field intensity measurements and surveys,
nevertheless there is a very definite trend toward the more complete
utilization of the subject as applied to transmitter design and location.

Like every other engineering project there must be laid down a
groundwork of fundamental principles before practical applications
may be made, and in the case of radio field intensities that ground-
work which we have is of comparatively recent origin. In passing
it is proper that some of the more important developments be re-
counted. Among the leaders in the broader aspects of the subject
stand the works of Dr. L. W. Austin, which have frequently appeared
in the PROCEEDINGS of the Institute, as well as in other publications.
In line with these we also have the work of G. W. Pickard similarly
published. Beside these developments stand those of Bown, Martin
and Gillett presented in the PROCEEDINGS under the title of "Dis-
tribution of Radio Waves from Broadcasting Stations in the City
Area." Dr. A. N. Goldsmith's article entitled "Reduction of Inter-
ference in Broadcast Reception" appeared also in the PROCEEDINGS,
and L. Espenschied's article entitled "Radio Broadcast Coverage in
City Areas" appeared in the Journal of the American Institute of
Electrical Engineers. The paper entitled "Some Studies in Radio
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Broadcast Transmissions" by Ralph Bown, DeLoss K. Martin and
Ralph K. Potter, also appeared in the PROCEEDINGS of the Institute.

Several other articles in these PROCEEDINGS as well as some appear-
ing in other journals have furnished certain avenues of approach toward
the more complete utilization of the possibilities of radio field intensity
measurement work, and from them many conclusions were drawn
which have now become principles in the industry. Noteworthy among
them is the acceptance of the 10 -millivolt -per -meter level as essential
to good broadcasting service, and the rating of service areas in terms
of miles for various powers of transmitters which this figure permits.

In harmony with these principles there have been undertaken
during the past year several surveys having for their objective the
locations of radio transmitters. A great deal of development work on
transmitters has accrued directly as a result of these efforts. The
beneficial results of surveys of the fields of transmitters are felt very
strongly on several of the latest high -power broadcast installations.
The measurement of electric fields permits not only the primary deter-
mination of a given station's location, but also a complete analysis of
its radiating mechanism and it is upon these two main factors that a
transmitter works to its greatest advantage.

In addition to the great value of field intensity work in the broad-
cast spectrum, projects of considerable magnitude are now under
way, and have been for some time, with respect to radio communi-
cation between aircraft and ground stations, not only for the exchange
of intelligence but also for direction -finding purposes.

The high frequencies present a fertile field for field strength
measurements, especially when an examination is made of the methods
by which the short-wave channels are being exploited by the nations
of the world since the International Radio Telegraph Convention
held at Washington, D. C. in 1927. It will be recalled that the various
nations are entitled to use certain channels which may only be used
by other nations provided no interference results. Under these cir-
cumstances one of the most valuable sources of information must cer-
tainly be radio field intensity measurements.

Most of these things as outlined are apparent to anyone in the
industry, and have been so for some time. With the realization of
the necessity of meeting these problems, the Radio Division of the
Department of Commerce prepared in 1925 to determine in what way
they could best be attacked. As a result it had developed especially
for its use a radio field intensity measuring set in keeping with latest
known practices in the art. An illustration of one of these sets is
shown in Fig. 1. The fundamental principles of operation of this
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equipment were presented in a paper already published.) This set is
capable of operating over the frequency range of 6000 to 200 kc per
sec. and responds satisfactorily over a signal level range of from 10 µ v
per meter to about 4 v per meter.

The general requirements for such a device are very severe inas-
much as it must by nature be a delicate piece of equipment and yet
must, at the same time, be portable. By portable is meant a per-
manent mounting in an automobile under conditions of travel over
all kinds of roads at all speeds. Further than this, the set must be corn -

Fig. 1-Radio Field Intensity Measuring Set.

pletely self -calibrating, must be fast in operation, and must be capable
of extreme accuracy where it is to be used as an instrument for law
enforcing purposes. The overall accuracy of the equipment is guar-
anteed to be correct to plus or minus 5 per cent. At the same time the
equipment must be free and independent ')f the human element so
that uniform results are always obtainable. The first of these sets
has been in operation for considerably more than a year, and has met
these requirements.

As a result, the Radio Division has now purchased and has in
operation six of these equipments, and will shortly secure enough

1 H. T. Frill; and E. Bruce, "A Radio Field Strength Measuring System for
requencies up to Forty Megacycles," PROC. I.R.E., 14, 507; August, 1926.
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additional similar equipments to supply each of the nine radio dis-
tricts.

These sets are mounted in automobiles having bodies of special
design. Fig. 2 is an illustration of two of these cars, of which there are
six now in service.

With this equipment it is planned ultimately to survey the field
of every radio broadcast transmitter in the United States as well as
to conduct measurements on the high -frequency channels and other
services. To date twelve complete surveys have been made in the
broadcast band. This work has been done on both coasts and in
the north and south parts of the country. Some of the work has been
published.2

Fig. 2-Cars in Which Are Permanently Mounted Radio Field Intensity
Measuring Sets Developed for Radio Division of the Department of
Commerce.

In addition to field survey work, the field strength sets are expected
to be used for law enforcement purposes such as the detection of
increase of power at stations not authorized to do so. With a field
strength measuring set and certain predetermined data at hand it is
possible to check any change in power at a station and thus determine
how much this change is without going inside the station. This has
been done in several instances.

Progress was necessarily slow at first, but is gradually assuming
greater proportion. This was so of necessity, inasmuch as a great deal
of experimental work had to be done before a unified system of opera-
tion for all of the equipments could be developed. First in the order of
development was the radial system of measurement In making a
survey by this method, radial directions are taken from the trans-
mitter which becomes a center, and measurements are made at inter-

' S. W. Edwards and J. E. Brown, "The Use of Radio Field Intensities as
a Means of Rating the Outputs of Radio Transmitters," PROC. I.R.E., 16, 1173;
September, 1928. Other material by the same authors was published in Radio
Service Bulletin, March, 1927.
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vals on each of them. At least ten radials should be chosen for powers
on the order of 1 kw, and perhaps more for higher outputs. The
measurements are made at 0.3 mile intervals in urban localities and
less frequently in suburban and country locations, the measurements
to start within a few wavelengths distance of the station and continue
on until at least the 5 -millivolt -per -meter signal level has been reached.
Much practical experience must be gained before successful measure-
ment work can be done, due to the difficulties of securing true signal
readings in cities where there are always a multiplicity of wire circuits,
steel buildings, and other metallic objects. Methods had to be de-
veloped by which accurate determination of the effects of any of these
things on the signal level could be noted. By a happy circumstance
it was found that a false reading of signal level is almost always
accompanied by either an untrue radio compass bearing on the station
being measured, or by a very poor minimum signal from the station
when the loop or signal collector is rotated. In other words, it has been
found that any object capable of causing distortion of the wave
front of the advancing wave form very likely also affects its signal
voltage level. The immediate result of this finding was the require-
ment that on the field strength sets used, the loop must be capable of
giving a good minimum signal at all frequencies.

Since the surveys are being made in all parts of the country by
different men, a standard system of depicting the results of the surveys
had to be developed. In doing this certain practises used in topographi-
cal work were borrowed and put into use. As an example, after all of
the radical directions have been measured, curves are made plotting
the measured values of signals against their respective distances in
miles; these curves show the variation in signal strength with distance.
From these curves may now be taken the significant values of field
strengths which are located in their proper places on an accurate map
of the locality under survey. Emphasis is usually placed on those
values of signals in multiples of ten; that is, lines of strength of, say
100, 90, 80, etc., millivolts per meter are drawn terminating in the
lowest value measured, which may be either 1 or 5 millivolts per meter.
In special instances this order may not hold but these are generally
of rare occurrence. Where instances of this kind develop, they are
usually in the nature of a rapid determination of the general nature of
the station's field. The procedure is then to determine where the high
signal or possible interference level lies and where is the outer border
of its good service area. Suggested values may be perhaps 100 milli-
volts per meter, interference level, and 10 millivolts per meter to 5
millivolts per meter as the minimum good service level. By inter-
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ference level, in this case, is meant that signal level from a station which
is so high as to make difficult the reception of other stations on different
and considerably removed frequencies.

In addition to the regular points at which measurements are made
for the survey, several places are selected at which signal voltage read-
ings are taken for purposes of antenna analysis. These points are
carefully selected near the station and are used for calculation pur-
poses in determining the effective height of the transmitting antenna,
its radiation resistance, and its radiated power. These points are
selected with great caution to make sure that true readings are obtained
which are not greatly attenuated.

8MI.

6M I.

Fig. 3-Field Intensity Contour Maps of 1 -kw, 720-kc Broadcasting Station.
Antenna I, 7.2 amperes; effective height, 41.7 meters.

The general problem of radio transmission is at best a highly com-
plex proposition, and when a station is located in a city of some size
the results which will be obtained very nearly defy prediction. While
all cities exert much the same effects on transmission, the general
efficiency of transmission in a city is almost entirely a matter of the
frequency used. There are shown, herewith, two recent radio field
intensity contour maps made on two different broadcast stations oper-
ating in the city. Fig. 3 is the field intensity contour of a 1 -kw station
power, operating on a frequency of 720 kc; Fig. 4 is the field intensity
contour of a 5 -kw station, operating on a frequency of 640 kc. Both
stations are of the latest design, well erected and are located on steel
buildings approximately six stories high. The stations are approxi-
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mately 1/2 mile apart and have the same type of surrounding buildings,
street car lines, etc. In other words, except for the frequencies and the
power used, the stations are nearly identical, and yet the transmission
characteristics are quite widely different, though there is a frequency
difference of only 80 kc.

Signals from both stations are seriously attenuated in a south-
westerly direct, and but for this attenuation the station in Fig. 4 would
have a very good field. An examination of thefield of the station in
Fig. 3 shows some irregularities in other directions; whether this indi-
cates heavy attenuation in these particular localities for frequencies in

Fig. 4-Field Intensity Contour Maps of 5 -kw, 640-kc Broadcasting Station.
Antenna I, 20 amperes; effective height, 29.7 meters.

the region of 720 kc, or whether there is a steady increase in attenua-
tion with increase in frequency, is not known.

The above examples are very good for demonstration purposes, and
they indicate beyond all doubt the enormous handicap under which
signals in the broadcast band radiate under the very erratic conditions
of city attenuation. They tend to show the value of field intensity
measurements in the location of radio transmitters. A glance at both
Figs. 3 and 4 indicates that the severe attenuation in the southwest
direction holds for both cases. Were a station to be located in the
locality described, and in the range of frequencies under consideration,
one of the most important features would be to place it so that the poor
transmission caused by the southwest section of the city would fall in
the direction of the minimum number of listeners. Very fortunately
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for the station under discussion, transmission in a southwesterly direc-
tion is of no great importance since few broadcast listeners reside in
this direction for several hundred miles. In passing, it might be said
that this severe attenuation is caused by a very dense system of electric
power lines and railroads with their associated wire circuits. The sec-
tion itself is the manufacturing part of the city, and although reason-
ably well localized to one area is rather large in size.

It is expected that by means of all of the field strength sets in opera-
tion by the Radio Division a great deal of valuable information will be
uncovered. This information will not only be of value to the radio
station owner but, if he cares of avail himself of it, will certainly become
beneficial to the radio listener. At the present state of the art we are
going through a remarkable stage of improvement. The value of higher
power in broadcasting is being recognized, and through it the public is
enjoying better service. The advent of high percentage modulation is
being noticed, and its effect seems to be such that we may have to
reduce our standard signal level of 10 millivolts per meter to some lower
value, perhaps 5 millivolts per meter or even lower. Under any con-
ditions, the combination of high percentage modulation, high power,
and intelligent location of stations through field intensity measurement
work is certainly going to usher in a period of broadcasting service
superior to anything we have ever had before. The guess is ventured
that in the near future no station of 5 kw or more power, and very
likely less, will be located without at least some consideration of the
field which it should produce for best satisfaction. The Radio Division
of the Department of Commerce hopes to assist and expedite the use
of radio field intensity measurement work in all of its phases, and
believes that steps in this direction are in the line of progress and are of
value to the public and to the radio industry in general.

+.--w0>1111-011111.--4.



Proceedings of the Institute of Radio Engineers
Volume 17, Number 8 August, 1929

THE RADIO ENGINEER'S RESPONSIBILITY IN COPING
WITH MAN-MADE INTERFERENCE*

BY

EDGAR H. FELIX
(Radio Consultant, National Electrical Manufacturers' Association, New York City)

MAN-MADE interference is growing in its relative importance
as an obstacle to the service value of broadcast reception.
Quality of transmission, studio design and management,

selectivity of receivers, and quality of reproduction have been pro-
gressively improved by the application of sound engineering principles,
leaving the suppression of man-made interference as one of the major
obstacles to undisturbed reception. Its elimination has been con-
sidered largely an operating or field problem for individual elimination
in outstanding cases where radio reception by large groups of people
has been interfered with. We have been content to let the man-made
interference wait for attention until after it is created rather than
preventing it in advance by the application of proper engineering

design before it arises.
It would be repetition to enumerate the various means used to

eliminate electrical interference in connection with electrical appli-
ances, motors, dynamos, and industrial machinery. The power
companies under the guidance of the National Electric Light Associa-
tion have made marked strides in developing methods for outside
plant and in distributing information on how to locate power system
leaks with reasonable celerity. Most of the power networks are being
erected with full appreciation of the power company's responsibilities

to the listening radio public. Insulation and testing methods have
improved steadily, so that the few instances of serious complaint are
distinct evidence of a non -cooperative attitude on the part of the
power company rather than the existence of a problem technically
difficult of solution.

If we are to make substantial progress in eliminating all important
causes of electrical interference, however, the problem cannot be left
to the power companies alone, although they have naturally taken
the leadership up to this time. The finger of public condemnation is
too readily pointed at them when electrical interference is experienced,
even though they are not, in the majority of cases, directly responsible
for complaints. Investigation has shown that household equipment
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is a very frequent cause of interference in residential districts. Such
equipment frequently sets up radio -frequency impulses which are
released as electro-magnetic waves from power networks, and are
also distributed through the power conductors into the radio receivers
connected with them. Household equipment is usually used only
spasmodically, making it most difficult to identify it as the cause of
noisy radio reception by the standard methods of interference deter-
mination. Often simple devices used in residential areas, such as
vacuum cleaners, fans, electric refrigerators, oil burners, cash registers,
and medical equipment interfere only momentarily but none the less
annoyingly with reception over an area of several square miles. Such
interference once located is not difficult to suppress, and the methods
are well known. However, it seems well nigh hopeless to expect ideal
reception conditions by searching out millions of isolated and in-
dividual cases of electrical disturbance. As long as electrical equip-
ment is manufactured without consideration of its radiating proper-
ties, interference will continue to affect home radio reception, unless
radio receivers of a much lower order of sensitivity are employed.

Radio engineers have recognized this problem and have attempted
to render the radio receiver less sensitive to the influences of power
line fluctuations by using chokes to suppress them and incorporating
adequate shielding and by-passing of radio and audio -frequency
circuits with a view to disassociating these circuits as far as possible
from the power circuits. The existence of bypass condensers and pro-
tective chokes in the receiver is at least psychological recognition of
an obligation to cope with disturbances introduced through the power
circuit although, in some instances, it must be mid that the designer
has little more than this in mind. That there is a considerable variation
in the effectiveness of the by-passing and choking employed can be
demonstrated readily by comparing the noise at a given point upon
several different makes of commercial receivers. I would like to con-
sider man-made interference in a somewhat broader way with a view
to determining, if possible, the trends of both electrical appliance
and radio receiver design and development as they affect this problem.

Each time an electrical circuit is made or broken or a rapid change
in load on a power circuit occurs, radio -frequency impulses are set up
and radiated from the power network. Two broad courses are open
for the control of such interference; the choice depends upon the
activity of the radio engineer. These two courses are (1) altered
balance of the broadcast transmission and reception system so that
less responsive receivers are required, or (2) "radiation -proofing" of
electrical equipment.

.1
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Although there has been a tendency toward increased power in
broadcasting, we have hardly reached the threshold of development
in this direction. It is quite within the scope of the engineer's imagina-
tion to visualize ultimately a broadcasting system comprising trans-
mitters of a million watt power. Compared with other systems in
daily use this is by no means a large unit; the powei bill for such a
broadcasting station might run from fifty to one hundred dollars an
hour. We use several hundred times that power in transporting week-
end excursionists to a single metropolitan bathing beach, and certainly
radio broadcasting is of at least comparable importance in our daily
lives. While a million watts represent a substantial increase in the
power of broadcasting, such power need not be feared as a dangerous
monster.

A system of broadcasting with transmitters of this order of power
would require somewhat altered receiver design. Obviously we would
employ less sensitive receivers, and instead of an exposed aerial system
we would use an adjustable pickup means shielded from incoming
impulses to a degree determined by the field strength of the nearest
broadcasting station. Stations of such power could serve the centers
of population with antennas located at some distance from congested
centers. It is quite conceivable that receiver development could keep
pace with progressively increased powers of the order suggested.

Allocations of wavelengths under these conditions would be
simplified because the high grade service range of such stations might
well be as much as five hundred miles. Ninety such stations spread
geographically over the country would give ten or twelve program
choices at any point, and may be compared with present conditions
where perhaps less than 40 per cent of the area of the country is within
the wide high grade service range of any broadcasting station. Further-
more, the initial and maintenance cost of receivers would be lessened,
and quality of reproduction improved, with the consequent result
that the radio listening public would be enormously increased. This
in turn would have a healthy effect on the economic position of the
broadcaster.

But such a system of broadcasting would also be considerably
more costly than the present annual maintenance expense of approxi-
mately thirty or thirty-five million dollars. It might cost one hundred
fifty million to two hundred million a year or more to maintain ninety
stations of this order of power.

The entire burden of overcoming man-made interference, should
developments proceed entirely in this direction, would be placed upon
the radio industry.
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The other method of attacking the elimination of electrical inter-
ference is by cooperating with other branches of the electrical in-
dustry. The power companies, one of the most important groups to
be considered, can be expected to do their part because their relations
with the public would not permit them to stand for any length of time
in the position' of prime responsibility for interfering with radio re-
ception. We may, therefore, expect progressive improvement in power
plant and network design and equipment which will reduce to a
minimum electrical interference priginating in faulty installation, high
resistance, grounding of power lines, and the other well known causes
which lie in that field. We may also expect industrial inspection
looking toward the elimination of interference resulting from high
power electrical machinery, smoke precipitators, electric welding
equipment, and similar interference creating devices.

The real difficulty lies in the modernization of household equipment
such as electric fans, oil burners, cash registers, electric refrigerators,
vacuum cleaners, and violet ray machines. All of these must be
designed with elimination of radio interference in mind. It is difficult
to estimate the cost to the electrical industry of the necessary modifi-
cation of such devices to accomplish this objective, but as nearly as
can be estimated, the equipment of all vacuum cleaners, washing
and ironing machines, oil burners, and sewing machines with chokes
and filters so that they can be operated from the same power circuit
as a radio receiver of the sensitivity at present used without noticeable
interference would have cost the electrical industry ten million dollars
for 1928.

Unquestionably, the most economical approach to the solution of
this problem lies in eliminating electrical interference at this source
rather than over-riding it where its effect is felt. But to thrust the
responsibility of silencing electrical equipment upon an industry dis-
associated from radio is to impose a task of no small magnitude. No
progress whatever has been made in fixing the responsibility for radio
silence upon the makers of interference creating equipment. Only
in isolated instances is the influence of minor electrical equipment
considered a problem for any but the radio industry to solve. The
radio engineer must exert his influence in electrical standardization.
Instead of viewing the electrical industry as competitive and dis-
associated he must work hand in hand with the appliance, power, and
traction industries. The radio engineer through his engineering
association's standards committees and through the manufacturers'
standardization groups must clearly voice his opinions or he will find
eventually that the entire burden of eliminating the effect of electrical
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interference Will necessarily be lodged with the radio receiver itself
and the transmitting system which furnishes it with programs, at a
cost to the radio industry which I have endeavored to indicate.

A closely allied problem which I cannot refrain from mentioning
at this time is that of the importance of power line voltage regulation.
Power radio receivers must now be designed to operate on almost any
voltage between 105 and 120 volts. Prior to the appearance of the
radio receiver, voltage variations from five to eight per cent have had
but little effect in the operation of home equipment. But the sensi-
tivity and selectivity of most power operated radio receivers and the
life and efficiency of practically every vacuum tube is closely de-
pendent upon the supply of correct line voltages to the power system
of the radio receiver. In order to cope with varying conditions adjust-
ment is frequently provided so that the average line voltage con-
ditions may be compensated for. But these means do not meet the
diurnal fluctuations frequently encountered, for example, when the
industrial load is discontinued at the end of the working day. It
cannot be left to the owner of the radio receiver to make constant
readjustment of his receiver at different hours of the day and night,
and the only practical solution lies in the standardization and stabiliza-
tion of power line voltage supply. Here again the radio engineer could
profitably exert his influence in the councils of the electrical industry
on a basis of cooperation rather than with the competitive and isolated
point of view toward which he now inclines. The obligation for the
cure of both fluctuations in power line regulation and electrical inter-
ference is sufficiently debatable that the radio industry cannot afford
to overlook any opportunity to secure the friendly cooperation of the
electrical industry with a view to solving these difficulties in the most
efficient and economic manner. This is a responsibility of the radio
enginer and the radio industry which must be promptly assumed.
Little progress has been made in this direction up to this time. Failure
to assume the responsibility may prove a serious burden to the in-
dustry which may ultimately reach large proportions.

--..41.)...CON.--+
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RADIO COORDINATION*

BY
M. D. HOOVEN, JR.

(Public Service Electric and Gas Company, Newark. N. J.)

HE elimination of radio interference is a problem of community
coordination. To legislate against the occurrence of interference
will accomplish as much and be as sensible as to legislate, for

instance, against the occurrence of lightning. Although the actual
tracing down and elimination of a specific disturbance may require
the services of a specialist, the greatest advances in the highly technical
art of locating and eliminating interference will be valueless without
complete community interest. For progress in the betterment of radio
reception conditions, continued cooperation of manufacturers, news-
papers, amateur radio and broadcast listeners' associations, dealers,
electric supply utilities, communication utilities, municipalities, elec-
tric railways, and perhaps most important of all, "the man in the
street," must be obtained.

The problem of interference, at least insofar as it refers to inter-
ference with individual or family activities or obligations, is as old as
civilization; the expression "a man's house is his castle" is nothing
more nor less than a guarantee, not of individual freedom as such,
but of prevention of interference. The problem of interference between
services to the public is at least as old as the so-called Industrial Revo-
lution; in 1857 Abraham Lincoln before the United States Circuit
Court at Chicago argued and won a case of interference which con-
cerned the placing of a railroad bridge across the Mississippi River.'
The bridge undoubtedly interfered somewhat with river traffic, at that
time of immeasurable service to the public, but the same general
public also required the additional services to be rendered by the
railroads. The problem of interference between the facilities of the
electric supply and communication companies has long been recog-
nized, and literally thousands of articles have been written on this
subject,2 which is closely akin to that of radio interference. The first
and foremost principle under which two of these great industries

* Dewey decimal classification: R170. Original manuscript received by
the Institute, March 9, 1929. Presented at Fourth Annual Convention of the
Institute, Washington, D. C., May 13, 1929.

i F. F. Fowle, "A Famous Interference Case," The N.E.L.A. Bulletin,
October, 1927.

2 Bibliography on Inductive Coordination, The American Committee on
Inductive Coordination, New York, 1925.
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exist together today in every section of the country merits quotation:3

"Duty of Coordination.
"(a) In order to meet the reasonable service needs of the public, all

supply and signal circuits with their associated apparatus should be located,
constructed, operated and maintained in conformity with general coordi-
nated methods which maintain due regard to the prevention of interference
with the rendering of either service. These methods should include limiting
the inductive influence of the supply circuits or the inductive susceptiveness
of the signal circuits or the inductive coupling between circuits or a com-
bination of these, in the most convenient and economical manner.

"(b) Where general coordinated methods will be insufficient, such specific
coordinated methods suited to the situation should be applied to the
systems of either or both kinds as will most conveniently and economically
prevent interference, the methods to be based on the knowledge of the art."

The policy expressed needs no comment.
The harnessing of electricity by man for his peculiar purposes

does not prevent it from being a phenomenon of nature. Individual
men die; specific dielectrics decay. No power on earth can prevent
a condenser in a radio receiver from going bad eventually. Nor can any
human power prevent electrical insulation from eventually wearing
out. In either case occurs the so-called "man-made interference."
The problem of the elimination, or, more properly, the reduction of
this interference, cannot be solved by regulation or legislation. It
is quite conceivable that in some cases the best engineering solution
of an interference case is to let it keep on interfering. It may well be
in an imaginable case that the community is best served by suffering
from some source of interference provided it receives some greater
service in return. The interferer is not necessarily always in the
wrong. Judge Davis for instance says:'

"The characteristic feature of the (radio interference) situation presents
a conflict between individuals, each of whom is carrying on a legitimate
activity. It is not a case of an obvious wrongdoer performing an act de-
nounced by law, custom, or good morals to the injury of his neighbor. The
person causing the interference, whether he is engaged in radio communi-
cation or is using some electrical device for a noncommunication purpose is
in a lawful business within his inherent rights. He is using his own prop-
erty for his own lawful purposes. The person using his property for radio
communication and suffering the disturbance, whether on the sending or
receiving end, is equally within his rights and his acts are legal and proper."

The most modern thought, however, seems to be that the public is
entitled to the best coordinated service from all sources that it is
possible, from an engineering standpoint, to provide. It is thus part
of the neighborly duty of each of us, no matter whether we operate an
interfering violet ray machine or high -frequency laboratory, and no

a Reports of Joint General Committee of National Electric Light Associ-
ation and Bell Telephone System on Physical Relations between Electrical
Supply and Signal Stems. Edition of December 9, 1922.

' "The Law of Radio," S. B. Davis; McGraw-Hill, 1927.
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matter what our priority or property "rights" may be, to coordinate
our electric systems so that they serve the greatest community good.
Legislation and regulation do not develop neighborly duties; in a
subject as complex as radio interference it is to be feared that they
would add only confusion.

The complexity of the problem of location of the source of a
complained of radio disturbance requires for its solution a radio and
electrical engineer of extraordinary ability. The likelihood of any
overhead wires, whether power, telegraph, telephone, or trolley, to
propagate radio disturbances originating elsewhere, in much the same
manner as any conductor will transmit carrier current or "wired
wireless" signals, renders useless the triangulation or goniometer
method of interference location in the vast majority of cases. The
experienced investigator trusts the direction he obtains with the loop
of his portable receiver only insofar as it tells him the paralleling over-
head circuit from which he is receiving his greatest pick-up. This
overhead circuit may in turn have received the interference from
another paralleling circuit and so on. The "hot and cold" or maximum
and minimum method of noise chasing, i.e., finding by trial and error
the point of. maximum disturbance, will best serve the investigator.
Even with the use of this method the chances of error are great.
With all the discontinuities and possible reflection points on an over-
head electrical circuit, the interference may develop nodes and an-
tinodes of effect on the receiver. In order to avoid self-deception the
investigator using the "hot and cold" method must be on the alert
for variation of coupling between his receiver and the overhead line
under suspicion; many a man has been badly fooled by approaching,
and thus making a closer coupling with, a vertical conductor on a pole.
Care should also be taken that the investigator is not thrown off the
scent by noises other than the one he is hunting. In fact his first
duty should be to visit and keep in touch not only with the complain-
ant but also with the complainant's neighbors and request their help
in the search. Accurately kept logs of the interference are often
invaluable in that they may help the investigator to tie up the inter-
ference with nearby factory operation, etc. The investigator needs
neighborhood cooperation. Once he has determined the general source
of the disturbance, common courtesy demands that the investigator
immediately lay the problem before the person responsible in the home,
factory, wire -using utility, or whatever the source might be.

The problem of elimination of known sources of interference is
not an insuperable one. Standard filters, now on the market, will
serve effectively in reducing that interference caused by the myriad
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of electrical appliances now in use. When it is considered that every
arc or spark, no matter how infinitesimal, may give rise to a devastat-
ing noise in a radio receiver, it is obvious that a list of appliances
to which it is necessary to add corrective devices would look like
a complete catalog of electrical equipment. For the equiument of
electric supply utilities good "radio maintenance" plus ordinary main-
tenance is desirable. Ordinarily the equipment of the power company
is innocent of any radio harm; the much maligned "leaky trans-
former" is a myth. The electric railway and street car systems have a
graver problem in that the sparking that occurs between trolley wheel
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and contact wire or between wheels and ,rails is a part of the normal
operation of the system. The minor interference that occurs in the
equipment of the communication systems is usually readily corrected
by the proper placing of filters. For a more detailed account of the
sources of interference and possible remedies reference to the August,
1927, Serial Report of the Inductive Coordination Committee, en-
titled Radio Coordination, Publication No. 267-98 of the National
Electric Light Association, is recommended.

There remains the great body of minor noises which it is impossible
to locate and some of which it would probably be impossible to remedy.
These make up the "noise level" of the community below which
operation of a receiver to bring in distant stations will give unsatis-



1394 Hooven: Radio Coordination

factory results. This is the penalty of living in a civilized community
where everything is done electrically. Someone has said that the only
place absolutely satisfactory for radio reception would be a desert
island reached by a rowboat and even there some complaint would be
found against either thunderstorms or the aurora borealis. Even the
automobile, of which there are now millions, adds its quota to the
community noise level. Its ignition system will ruin reception if the
receiver is placed close by, and at a wavelength of 10 meters passing
cars drive the experimenter to distraction. It is obviously impractical
to shield and ground the wiring and spark coils of every automobile
in the country.

There seems to be no conspicuous offender in the generating of
radio interference. An analysis of Fig. 1, a graph relating the ex-
perience of one of our large power companies with radio interference
complaints, shows some disturbing trends in that it appears that the
percentage of defective radio sets is increasing. Another interpretation,
however, would be that the dealers and service men are becoming less
keen in their diagnosis of troubles. Whatever the trend of interference
troubles, however, the general problem remains the same. As in most
problems that confront our civilization, tolerance is of prime neces-
sity, and most important of all, community cooperation, in which is
included a heavy responsibility on the engineering profession, must be
achieved.
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UNITED STATES RADIO BROADCASTING DEVELOPMENT*

BY

ROBERT H. MARRIOTT
(Consulting Engineer, Federal Radio Commission, Washington, D. C.)

Summary-Part I of this paper gives in detail the development of radio
broadcasting in the United States from 1907 to 1958, inclusive; Part II deals with
the development of a radio broadcast from the studio to the listener. The character-
istics and trends of these developments are then used for the purpose of pointing out
possible future developments in radio broadcasting in Part III.

Part I
T T favorable locations we are now able to obtain considerable

power in the form of satisfying musical frequencies from the last
audio stage of our radio receivers. Though that has not always

been the case, it is not to be attributed to any one thing or to a few
things. Different viewpoints magnify different steps in broadcasting
development to more than their proper proportions. Each class of
contributors to broadcasting development sees that development
through its profession, trade, vocation, avocation, science or product,
and those who are still far from any broadcasting station may feel
that broadcasting has developed very little.

Practically every radio device for sale to the public since 1921
has been advertised at one time or another as the one thing that will
provide the listener with perfect reproduction. Makers of crystal de-
tectors, vacuum tubes, loud speakers, resistance couplers, transfor-
mers, and receivers which take their power from electric light circuits,
have been prominent in the making of that claim. As a matter of fact
the equalizing of the wire lines to broadcasting stations" and the
increasing of the power7"5'37 of those stations were two of the impor-
tant steps toward the quality we now get and we do not get perfect
reproduction yet.1'38

To trace the steps in an effort to obtain a fair idea of their relative
importance in developing the present reproduction, it is necessary to
go back to the beginning3 where we find that the term radio broad-
casting is absurd in a sense because radio and broadcasting are, in a
sense, synonyms. The term radio supplanted the term wireless because
this means of communication which we named "radio" uses con-
spicuous wires and because the characteristic wave in this form of com-

* Dewey decimal classification: 8550. Original manuscript received by
the Institute, March 19, 1929. Presented at Fourth Annual Convention of the
Institute, Washington, D. C., June 13, 1929.

1395



1396 Marriott: D. S. Radio Broadcasting Development

munication explodes from about the antenna; that is, the wave is
broadcast along every radius from the antenna. The term radio, taken
from radii, was originally meant to indicate that the waves were broad-
cast. That is the essence of the reasoning of the Standards Committee
of the Institute of Radio Engineers' as I recall it when they stand-
ardized the term radio in 1913. That committee at the same time
coined and standardized also the term "audio" for the frequencies
we can hear. Their action and the cooperation of the government fixed
those words in our language.

True radio is broadcasting, and has been used for that purpose for
thirty years,' particularly to broadcast distress signals, ships' position
signals, and time signals in telegraph code. Also, radio has been
used to broadcast speech for more than twenty years. The broad-
cast of the orchestra type of music has been under development
for about twenty years. To broadcast speech required further de-
velopment from the radio telegraph stage, and to broadcast satisfactory
music required still further development.6.7 In the scope of modern
broadcasting, radio has become natural, for broadcasting is what radio
is. However, to broadcast over a wide area a large part of the musical
scale with fidelity and to deliver a considerable amount of power has
required many steps over a period of years in the development of
broadcasting devices and in the removal of interferences.

It was an early belief that radio would find more use if it could be
made to carry speech. It was believed, for example, that steamships
that were reluctant to bear the expense of radio telegraph operators
would install radio telephones if the expense of carrying operators who
understood code signals could be avoided in that way: Therefore, early
attempts were made to provide a radio telephone.'

The first radio transmitters in service could not transmit speech
because they made short, noisy groups of waves from spark discharges.'
To carry speech the waves could not be in such noisy groups. Con-
tinuous waves or their equivalent became obviously necessary to pro-
duce radio telephony.

Several continuous wave generators were developed.'."." Of these
the arc radio generator was the most practical because of its simplicity.
It was about as simple as an arc light." It was an electric arc flowing in
a gap between a cool copper electrode and a carbon electrode and in
an alcohol flame-sometimes in a magnetic field. A small coil of
wire and an electrical condenser were connected in parallel to the arc.
The coil and condenser determined the number of radio waves that
would be produced. The simplicity of that device made it possible
for many people to try to develop radio telephony with it in many

MA
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places. Therefore, several professional and amateur radio people
made such radio phones in several places?3

Four of the years are of peculiar interest; 1907 because it was in a
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way the beginning; 1917 and 1918 because in this period broadcasting
was prohibited but the abnormal quantity of radio apparatus and
activity for the war during that time contributed to the very rapid
growth of broadcasting; and 1921 because from then on broadcasting
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has been growing rapidly and at about that time broadcasting emerged
from the socalled trial stage into the worth -while service stage.

By referring to the chart marked "United States Radio Broad-
casting Development" we can follow with fewer words the steps from
the first broadcasting of a little music, to the present far flung broad-
casting of more satisfactory music.

Chart of United States Radio Broadcasting Development

In this chart, the left half is devoted to the steps or factors which
have been used in the development of broadcasting. At the right the
chart is divided into vertical sections representing years. Little
curves are shown in the spaces under the years and opposite the steps
or factors to indicate when those steps or factors first appeared and
when they became prominent in the development. The curves relating
to broadcasting power and to the number of stations are drawn to
scale. The other curves are not to scale.

ARC CONTINUOUS WAVE RADIO GENERATOR

As we see by the chart, broadcasting by use of the arc began in the
winter of 1907 and 1908. At that time President Roosevelt sent the
united States naval fleet around the world. These vessels had been
equipped with arc telephones.2s.2e,27 The navy operators placed phono-
graphs before the microphones of those arc telephones playing phono-
graph music into the microphones and thereby broadcasting music.
That music was picked up by the other ships of the navy, by com-
mercial ships, and by numerous shore stations as the fleet proceeded
on its way around the world. That took several months. Now broad-
casting can go around the world in a fraction of a second.

During 1.908 Dr. DeForest broadcast music from a station in New
York City, using an arc radio telephone transmitter, and during the
same year, using a similar apparatus, I broadcast music from a station
at Manhattan Beach, New York. We both used phonographs except
when we talked into the microphone ourselves. There was, however,
one important exception to that during 1909, when Dr. DeForest
installed a microphone in the Metropolitan Opera House on the stage
and broadcast Caruso's voice. That was probably the first case of di-
rectly broadcasting the work of a distinguished artist. At that time we
were fundamentally trying to develop a radio telephone ;29 however,
we considered the possibility of broadcasting as it is done now, but
at that same time, 1908, there was on Broadway near the corner of 40th
Street a device called the "Cahill Telharmonium," which was built
for the purpose of broadcasting music over wire lines such as telephone
lines. That Telharmonium device failed to meet popular favor and
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caused us to have some doubt about the passibility of the public de-
siring to hear music broadcast. We believe now that device failed to
be popular because of the quality of the music and for economic reasons.

A printed record of the optimistic thoughts at that time on the
possibilities of radio broadcasting is on page one, in column three, of
the New York Times of February 14, 1909, entitled, "De Forest Tells
of a New Wireless." The article states that it quotes from a speech
which Dr. De Forest had given the night before at Fraunce's Tavern.
The article reads in part as follows:

"I look forward to the day when by this means (wireless
phone) the opera may be brought into every home. Some day
the news and even advertising will be sent out to the public
over the wireless telephone."

Broadcasting with the arc type of continuous radio wave generators
continued in various parts of the United States until unnecessary
stations were closed by order of the Government when we went into
the world war in 1917.

Early in the use of the arc it was apparent that the distance which
could be reached was almost entirely limited by the amount of power
that an ordinary telephone microphone could handle.',29 Also, the
arc generator was lacking to a considerable extent in stability; making
it not wholly desirable for telephone transmission. In addition, the
arc was not well adapted for generating a considerable amountof power
on the shorter wavelengths as used then, which waves are better
adapted for the transmission of speech. The microphone, of course,
was limited in the amount of movement that could be obtained for
varying the power by the amount of energy which could be picked
up from the sound waves in the air due to the voice or music. There-
fore, it became obvious early that either a microphone which would
regulate a very large amount of power compared to the amount of
power in the air waves which were driving the microphone was
necessary,' or else some device was necessary to amplify the sound fre-
quencies or audio frequencies that could be obtained from the move-
ment of an ordinary microphone driven by the ordinary air waves.
This latter device proved to be the device which would make it pos-
sible to handle a greater amount of power; that is, an amplifier was
provided" which would amplify the audio frequencies obtained from
the microphone.

VACUUM -TUBE AMPLIFIERS

In 1911, it became fairly apparent that the vacuum tube, then
called the "audion," could be used to amplify telephone currents and

 See reference 39.
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this use of the vacuum tube as an amplifier gradually increased until
in 1914, 1915, and 1916 they were not only placed on the market
somewhat but were used considerably by the United States Govern-
ment.

When this country entered the war in 1917, the government
ordered various types of these vacuum -tube amplifiers in very large
quantities and thereby produced an overstock of such amplifiers
including the vacuum tubes which were a necessary part. Also, the
war caused the govenment to train a very large number of people
relative to radio subjects so that after the war was over there was an
excess of amplifier material and an excess of people who were interested
in radio. Amplifiers were manufactured to a very large extent during
the war, and, of course, have been very highly developed since that
time. These amplifiers were one of the very important factors in
building up broadcasting.

The vacuum -tube amplifier as such and as a radio generator" was
the largest contributing factor to the satisfactory use of the loud
speaker, which is the conspicuous part of the broadcasting of the pres-
ent day.

VACUUM -TUBE CONTINUOUS WAVE RADIO GENERATOR

In 1913, or earlier, it was discovered that the vacuum -tube ampli-
fier was not only capable of amplifying audio frequencies such as are
used in telephone work, but was also capable of amplifying radio
frequencies, and it was found that by taking some of the amplified radio
frequency and feeding it back into the vacuum tube it was possible to
make the vacuum tube become a continuous wave radio generator.
The portion of the radio frequency which was not fed back could be
used for radio signaling purposes and therefore was useful for that
purpose. Also, it was found that such radio -frequency generators were
capable of working well at wavelengths such as are suitable for radio
telephony. Since Edwin H. Armstrong partially disclosed his results
in discussion following a paper delivered before the Institute on De-
cember 2, 1914, there has been continuous activity in the development
of vacuum -tube radio generators." This use of the vacuum tube as a
radio -frequency generator became quite noticeable by 1915 and 1916,
and resulted in the manufacture of radio telephones which consisted
of a combination of the vacuum -tube audio -frequency amplifier and
the vacuum -tube radio generator.

In 1915, during the month of September, radio telephony was ac-
complished from the naval radio station at Arlington, Virginia, to
Mare Island Navy Yard, California, using these vacuum -tube gen-
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erators and vacuum -tube amplifiers." That demonstration contrib-
uted indirectly to broadcasting development. That radio telephone
experiment was also heard in the Hawaiian Islands and in France.

With the beginning of the war the government desired radio
telephones, and therefore both the army and navy ordered the building
of a large number of radio telephones comprising vacuum -tube
amplifiers and vacuum -tube generators.' The number was far beyond
the needs of the government at the close of the war; also, the close
of the war found a large number of these radio telephones on ships and
at other points. Even the sub -chasers were equipped with radio
telephones and a great many of these radio telephones were actually
used for broadcasting phonograph music just as the little arc phones
had been used before the war. The type of radiophone, known as
CW936 now on exhibition at the Smithsonian Institute, was a common
example.

Our amateurs with their adventurous and pioneering characteris-
tics that have done so much for radio took a great interest in these radio
telephones.57 Many of these amateurs were ex -service radio men.

"THE BROADCASTERS WERE PHONOGRAPH RECORDS"

The first broadcasting was nearly all by the simple broadcasting
of the voice or by placing a phonograph in front of the microphone of
the radio telephone whether that radio telephone was of the arc type
or the later vacuum -tube type. In the years immediately following
the war, particularly 1919 and 1920, a number of people apparently
used the tube type of radio telephone to broadcast voice and phono-
graph music." One of these persons was Frank Conrad who lived near
Pittsburgh, Pennsylvania.'." He broadcast phonograph music and
the people of Pittsburgh became so impressed that the Westinghouse
Electric and Manufacturing Company, at Pittsburgh, also became
interested. In November, 1920, they obtained a United States govern-
ment license to broadcast information and music. Because they ob-
tained the first specific license for such a purpose, it is sometimes said
to be the beginning of broadcasting; rather, it was the beginning of
the ending of the opinion that broadcasting is child's play. Immedi-
ately after that time many other broadcasting stations using tube
generators went into service. Our amateurs were the first audience."
Probably in all of the United States, 5000 amateurs were equipped
to listen at that time. A great deal of the first advertising of radio
receivers was directed at them; for example, the Westinghouse ad-
vertisements."'" For a time the Westinghouse Company was the
most prominent in broadcasting." In the vernacular, the prestige of
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the Westinghouse Company sold the broadcasting idea to the public.
The idea had existed for a long time. If the American Telephone and
Telegraph Company had used their 1915 station for broadcasting
they probably would have sold the idea five years earlier.

ARTISTS BROADCAST

By the latter part of 1921 and particularly in 1922, artists were
brought in to sing or play on instruments taking the place of the
phonograph records. Artists, of course, had previously been used, for
example when De Forest had broadcast Caruso's voice in 1909, and
I have heard artists broadcasting and have seen them broadcast from
the arc broadcasting station in San Francisco as far back as 1915 and
1916. Beginning about 1922 and continuing in increasing numbers to
the present time, artists have been used for broadcasting purposes.
The use of phonograph records for broadcasting purposes began to fall
off in 1923 and the phonograph is less extensively used for broadcasting
purposes at the present time, the effort being to provide the broadcast
listeners with higher quality of music than could be obtained when the
phonograph was used. Chain broadcasting instead of records has been
employed more and more since 1923 to distribute the productions of
distinguished speakers and artists over a wide area. However, specially
cut records reproducing low notes and adapted for special release in
approximately simultaneous reproduction at various stations are
advocated at the present time.

IMPROVEMENT IN ACOUSTICS.*

The next step on the part of broadcasters to provide the broadcast
listeners with improved quality was in the improvement of the acous-
tics in the rooms or studios where the artists sang or played. It was
soon found that the walls must be properly softened and draped to
provide as good quality as can be provided from such artists and those
improvements have been continuing up to the present time.

The softening of the walls was overdone at first by beginners, re-
sulting in stronger low notes and too little reverberation for high
notes. The stronger low notes were not apparent to the listener,
however, because the common amplifier transformers did not pass them
on to the loud speaker. The presence of people in the studio decreases
reverberation; therefore, drapes are now shifted to offset the excess
or lack of people in the studio.

 See reference 7, 18, 32, 41.
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PLACING ARTISTSt

It was also discovered that it is necessary to place the artists
relative to the microphone, or the microphones, where a number were
used, relative to the instruments in such a way that a proper balance
of the music would be picked up, and to prevent blasting or over-
loading of the microphone.

CARE IN MODULATION

It was also found that considerable care was necessary in modu-
lation of the radio carrier wave to prevent distortions and undesirable
sounds being sent to the broadcast listeners and to decrease the shifting
of carrier frequency. Since the putting into use of the master oscillator
and power amplifier it has been possible to increase the modulation
without changing the radio frequency, with the result that the relative
service range has been increased with respect to the total power used
and to the nuisance range of the carrier.

EQUALIZING AUDIO FREQUENCIES

After all of these efforts had been made to provide the broadcast
listener with some satisfactory music, it was found that the audio -
frequency circuits used in broadcasting discriminated against the
higher audio frequencies, permitting the lower audio frequencies to
go through with more power than the higher audio frequencies. There-
fore, beginning about 1923 and continuing to the present time, various
improvements in the equalizing of the audio frequencies have been
put into effect so that the listener may get a better degree of fidelity
from his radio receiver. Also, so that distortions or added interfering
noises may not result, orchestra productions which may vary in power
from a million to one are changed by controls to ratios of about ten
thousand to one in the broadcasting circuits.

STABILIZING RADIO FREQUENCIES

As early as 1923 it was found that it is necessary to stabilize the
radio frequency of the station in order to provide better fidelity in .
the transmission of the mechanical or audio frequencies. Improve-
ments in stabilizing the radio frequencies have been going on eve.
since and are being carried on persistently at the present time. Now
the stations are controlled by standardized crystal oscillators, and the
modulation is sometimes after the generation to provide more accurate
radio frequency.19A."

t See reference 10.
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The better transmitters are controlled by temperature -controlled
crystals. Laboratory results indicate that crystal controls that can be
held accurate to one cycle or better for the frequencies used in the
broadcast band are practicable. It is expected that heterodyne squeals
between stations in the same channel will be eliminated and practical
synchronization may result from further accuracy in frequency
maintenance.

GEOGRAPHICAL RELOCATION OF STATIONS*

By 1925 it was found that a geographical relocation of some of
the stations was necessary in order to provide densely populated dis-
tricts with a good strength of broadcast signal without providing
interference in the reception from other broadcast stations. Therefore,
beginning in 1925, some of the stations which were formerly located
in the cities, as for example in New York, were moved to less densely
populated districts, and this practice is being continued.

AVERAGE BROADCASTING POWERt

As will be seen in the chart, there is a curve indicating the average
broadcasting power in watts used in the United States between 1907
and 1928. These powers were taken from the best available records,
however, there has not been a uniform standard in power rating;
therefore, this curve must be considered with that in mind.

In 1907 and up to about 1917 when the power was limited by the
amount of power that could be handled by microphones, the actual
transmitted power used for broadcasting was probably seldom in
excess of one watt. At the present time the maximum power used for
every day broadcasting is as high as 50,000 watts.

The curve of average broadcasting power indicates that the present
average is over 1900 watts. According to government records there
were still some small broadcasting stations in 1928 of no more power
than were first used in 1919 and 1920, namely, of about five watts.
Fair service broadcasting is roughly estimated by some at 5 watts
for one mile, 500 watts for ten miles, and 50,000 watts for one hundred
miles,16 but five watts may be heard 1000 miles on a winter night and
any amount of power will usually fade at one hundred miles, all of
which causes confusion and misunderstanding on the part of the un-
initiated.

Increasing the power not only gave stations greater ranges but it
overcame or rode over noises due to atmospherics and other electrical
disturbances. Where power has been increased it has contributed

 See reference 15.
See reference 21.
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materially to the quality that can be obtained from radio receivers.
Also increasing power has frequently resulted in interferences such as
heterodyne notes, cross talk in channels, and cross talk between
channels.

While we are dealing with the United States only, it is well to men-
tion that the rest of the world recognizes broadcasting and the value
of power. For example, according to the Department of Commerce
report for February, 1928, over 200 stations in the Eastern Hemisphere
used more than 200 watts for broadcasting and nearly 30 stations in
South America used over 500 watts.

NUMBER OF STATIONS IN OPERATION*

. The curve showing the number of stations in operation shows that
there were very few stations in operation from 1907 to 1917 when they
were closed in 1917 by the war and a few again in operation in 1919,
increasing in 1920 and jumping upward in 1921 and 1922 to over 500
stations and continuing at over 500 stations until in 1926 when the
total number of stations, during that period, was kept fairly level by
the United States government acting through the Department of Com-
merce. However, in 1926, the authority of the government practically
broke down and there was a sudden increase in stations so that in
1927 there were over 700 broadcasting stations in the United States.
The new law went into effect also in 1927 and stopped the rise at
about 710. Since then the number has decreased to nearer 600 and
under the November 11, 1928 allocation the number of stations on
the air at the same time is decreased. As yet there is no apparent limit
to the number who would broadcast if they could get permission.

On December 1, 1921, the Department of Commerce assigned
broadcasting of music and entertainment to one wavelength, 360
meters, and the broadcasting of agriculture and weather reports to
another wavelength, 485 meters.

From then on broadcasting expanded to take up nearly all of the
little used band of waves between the amateurs at 200 meters and the
distress wavelength at 600 meters.

On April 8, 1922, the Department of Commerce assigned class "B"
stations to broadcasting on 400 meters. Class "B" stations were of
500 watts or over, and were not permitted to broadcast phonograph
or other mechanical music.

On April 2, 1923, the 10-kc separation between broadcasting sta-
tions was put into effect, class "B" stations were placed on the waves
from 300 to 345 and from 375 to 545 meters. Stations were left on

 See reference 21.
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360 meters under the title of class "C." Class "A" stations of low
power that broadcast phonograph music were placed on about 230 to
300 meters.

In about February, 1925, the band was widened by assigning sta-
tions as low in wavelength as about 205 meters, and in April, 1925,
to as low as about 200 meters.

Since then the broadcasting band has settled down to from about
200 to 545 meters, or from 1500 to 550 kc. Of these frequencies, 730,
840, 910, 960, and 1030 kc are used by Canada only, while 580, 600, 630,
780, 880, 890, 930, 1010, 1120, 1200, and 1210 are shared with Canada;
690 is shared between Canada and the U. S. Naval station NAA,
making a total of 90 carrier frequencies now in use in the United
States for broadcasting music, entertainment, etc. The assignment
of stations to clear and common channels has changed until since the
zone requirement of the Act of 1928 (amending the Act of 1927) went
into effect, only one station at a time has been allowed to operate on
each of forty frequencies at night, while from two to twenty-five
stations have been permitted to operate at one time on the other
fifty frequencies.

The increase in power was brought about by the demand for not
only the kind of broadcasting service that would enable a listener to
hear a broadcasting station, but would enable the listener to get good
quality reproduction from a broadcasting station." The number of
stations provided all over the United States and in the United States
possessions enabled practically all of the people in the United States
and in its possessions to hear a broadcasting station, the quality de-
pending somewhat upon the amount of power of the station and the
distance from the station. Increasing power has always apparently
contributed to improvement of quality up to at least seventy miles
from a station. Beyond seventy miles the quality or the entire signal
may be lost at times due to fading. Fading may occur over much
shorter distances at times. If receivers were suitable and enough
wavelengths were available, a good distribution of high quality could
be obtained by placing high power stations over the entire country
about 100 miles apart; but that is an ideal that seems to be far from
the practical possibilities.

CHAIN BROADCASTING

In providing quality by the use of famous artists it was found that
the greatest number of such artists are available near the theatrical
centers of the larger cities, and that it is more expensive or sometimes
impossible to take them to out-of-the-way broadcasting stations.
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The theatrical centers of large cities did not prove to be the normal
place to locate the broadcast transmitters. Therefore the studios
were constructed and located to suit the artists and connected to the
broadcasting stations by wire lines.

Owing to fading and noise levels of man-made interference, and
atmospheric interferences, it has proved impossible up to the present
time to build a sufficiently powerful broadcasting station to give
consistently good quality over any large portion of the United States.
Therefore, exceptionally good artists are collected at one studio and a
number of broadcasting stations in different parts of the United States
are connected by wire lines to that one studio. That method of fur-
nishing the program from one studio to a number of stations is called
"chain broadcasting." The successive stations and intermediate wire
lines make up the chain.

This "chain broadcasting" started seriously in 1923 and has in-
creased until there are several such chains in operation now, with
sometimes thirty or more stations on one chain. In 1927 as many as
69 stations, using 28,500 miles of wire, were said o have been used in
one chain broadcast." One chain broadcasting system is said to have
had at the end of 1928 sixty-three broadcast outlets and 14,800 circuit
miles of wire.

"Chain broadcasting" in which the stations transmit on the same
frequency has been in operation for about five years, with two stations
WBZ and WBZA at Springfield and Boston, Massachusetts.

All of the foregoing steps were toward not only the distribution of
broadcasting but very largely, if not chiefly, toward the production of
better quality for the greatest number of broadcast listeners.

RECEPTION

In the matter of broadcasting development there are, of course,
two ends to the broadcasting. One is the transmission end which we
have been considering and the other is the reception end which we
will now consider.

The type of receiving apparatus is very important to the quality
and strength of the sounds delivered by the loud speaker. The latter
gives out to the best of its ability what is received, and poor reception
should not be blamed on the speaker. Poor reception due to faults
ahead of the speaker cannot be improved by the speaker to any great
extent.

NOVELTY

From 1907 to 1917, and from 1919 to 1922, listening to broadcasting
was largely a matter of novelty, the novelty of receiving music from
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out of the air and the novelty of receiving music or speech from very
great distances. Many of the early listeners were not particularly in-
terested in the music or in anything the broadcaster said except what
he said about the location of his station. Listeners desired to receive
from as great a distance as possible, and from as great a number
of stations as possible. However, all of that novelty did not wear to
the present time. It reached its peak in the winter of 1924 and 1925,
and the matter of receiving great distances or numerous stations no
longer appeals to relatively as great a number of people. The clearing
of forty channels on November 11, 1928 made more long distance
reception possible with the result that such reception increased some-
what during recent winter months. Many novelty hunters and
pioneers are now looking forward to television to provide a thrill.

QUALITY

As early as 1922 there was some apparent desire for quality broad-
cast reception rather than an interest in the novelty of the thing.
That desire for quality has continued steadily until the desire for
quality is now the common desire on the part of the broadcast listeners
in the United States.

APPEARANCE AND CONVENIENCE

There was, of course, a desire particularly on the part of women for
good appearance of the radio receiving apparatus and a desire for
radio receiving apparatus that was convenient. And the convenience
has reached quite a high point particularly during the years 1926,
1927, and 1928. The single control receiver and the receiver that
operates from the lighting circuit are far more convenient than former
receivers.

CRYSTAL DETECTOR AND TELEPHONE RECEIVERS

In the early broadcast reception, back in 1907, and continuing to
1922, the simple crystal detector and telephone receivers were used.
With the advent of considerable broadcasting, they increased in
numbers reaching a maximum in about 1922 and 1923, and then de-
creased until at the present time comparatively few of them are used.
With such an arrangement the reception was limited to one or two peo-
ple listening with head telephone receivers.

REGENERATIVE DETECTOR AND TELEPHONE RECEIVERS

Also, in the arc broadcasting, as early as 1914, and until the time of
the war and in the tube broadcasting after the war, the regenerative
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tube and telephone receivers were used. Their use reached a peak in
about 1923 and since then has gradually fallen off. The regenerative
detector and telephone receivers were probably the most efficient
method of receiving broadcast from the standpoint of the ratio of
attainable distance to the amount of power and apparatus used.
However, the regenerative receiver spoiled the quality of the sound. As
used, it frequently favored low notes and frequently produced inter-
ference in other receivers.

AUDIO AMPLIFIERS*

Audio amplifiers were used before the war and after the war, but
did not come into great active use until slightly after the activity in
the rejuvenated broadcasting in 1921. But those early amplifiers
were best suited to amplifying only one or a few audio frequencies, such
as the 1000 -cycle note used in telegraphy. Their use has been on the
increase since that time, both in numbers used and in the quality of
the amplifiers used. Audio amplifiers are primarily for giving power
in the output circuit of the receiver. It is this power that makes the use
of a loud speaker possible.

RADIO AMPLIFIERSt

During the war there were developed some radio amplifiers and
various forms of these were used for the reception of broadcast when
broadcasting became active after 1920, but they did not come into
general use until the latter part of 1923. Their use increased steadily
until now practically all radio receivers contain radio amplifiers.

RECEPTION OF DISTANT STATIONS VS. RECEPTION OF LOCAL STATIONS

As was said before, the first era in popular broadcast reception was
that of novelty and of listening to distant stations. This reached a peak
in the winter of 1924-1925, and has decreased. In 1922 many be-
lieved that broadcast listeners would lose all interest in a short time
because they recognized nothing but novelty in broadcasting." Lack
of quality and lack of financial support were also frequently prophesied
for future broadcasting. Reception of local stations was, of course,
per force, what was done in the early broadcasting before the war,
and beginning about 1922 the reception of local stations has steadily
increased, inasmuch as reception of local stations was preferable to
listening to distant stations, the quality being so much better. There-
fore, we have a steady increase in local station reception where people
are so situated that they can listen to local stations. Any station over

 See reference 39.
t See references 43, 47, and 65.
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70 miles away fades. Also, a radio circuit which will pick up stations
over a long radius will pick up the atmospheric disturbances within
that radius. Chain broadcasting is a result of the desire to listen to
local stations." A large part of the rural population listen to distant
stations either because there are no local stations or because there are
no satisfactory local stations. Many metropolitan listeners can receive
only local stations because their receivers will not cut out the locals
and bring in the distant stations.

VOLUME OUTPUT

The volume output of the receiver was very small from 1907 to
1922; after 1922 the increase in power of the transmitting stations
occurred and the use of radio and audio amplifiers became effective.
By the combination of the increase of transmitted power and the use
of radio" and audio amplifiers in the receivers it has been possible to
obtain a much higher volume output.

HORN SPEAKERS*

With the possibility of obtaining a higher volume output so that
it was no longer necessary to listen to a broadcast by clamping the head
telephones to the ears, the horn type loud speakers came into the mar-
ket in greater numbers." Such speakers have existed for a number of
years,28 for example, in railway stations for announcing the arrival
and departure of trains and for such special uses. Those same types
of horn speakers were then put into use as broadcast loud speakers,
and continued to be widely used up to about 1925, since when there
has been a decrease in the amount of their use. The horn speakers gave
cavity sounds due to the horn. Also, the diaphragms used in the horn
speakers were usually of metal or mica and therefore gave metallic
or sharp sounds. The early horns themselves were metallic, which con-
tributed to the metallic sounds. The bi-polar telephone receivers used
with horns rectified the sounds to some extent, making false higher
sounds and spoiling lower sounds." The horn speakers concentrated
the sound in one direction, which was not entirely satisfactory for
reception of broadcast at any part of the home. The horn speakers
were more or less unsightly and were objected to from the standpoint
of their appearance. Most of the cabinet or console type of radio re-
ceivers made before 1928 contain horn speakers but their unsightliness
is covered up. Some of the horn speakers which were carefully de-
signed and were of considerable length gave very satisfactory results;
however, their size (6 to 8 feet in length, with a bell opening of 30 to

See references 53 and 54.
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40 inches in diameter) rendered them impractical for the general radio
user." At the present time, some people prefer the older type of horn
speakers because they do not muffle the high notes and harmonics as
much as the later forms of speakers with softer diaphragms. They are
used for high quality extensive public music and voice as in talking
pictures of the Vitaphone and Movietone systems," and public address
systems.

HORNLESS SPEAKERS*

Hornless speakers were put into use as early as 1921, and began to
be popular in about 1925. Their popularity has continued up to the
present.

The early hornless speakers were not as sensitive as the horn
speakers, and therefore did not give sufficient volume until the output
of the broadcast stations and the amplifying power of the radio re-
ceiving sets had been increased. They, therefore, came in at a time
when the improvement in the quality of the output of radio receivers
had been considerably increased. The bi-polar type of driver with its
distorting effects was not so applicable to them; therefore, its defects
were not inherited by the hornless speakers as a rule. The moving coil
or "dynamic" driver was one of the first used in loud speakers for radio
reception, but it did not become popular until the recent advent of
more available power. The condenser type of speaker has been
repeatedly offered and now shows some likelihood of coming into use.

RATIO OF ATMOSPHERICS AND NOISES TO BROADCAST

Noises are not eliminated by the structure of the loud speaker when
the speaker is capable of reproducing a reasonably satisfactory portion
of the musical scale. A high quality broadcast without noises when fed
to many forms of speakers gives some pleasing results.

Broadcasts are not only spoiled by improper transmission of sound
or audio frequencies, but they are spoiled by interferences such as static
or atmospherics which are due to natural electric discharges in the
atmosphere, and also by interferences caused by sparking on electric
circuits for motors, lights, etc. By increasing the power of the broad-
casting stations the ratio of the strength of the interferences due to
atmospherics and other similar noises has been greatly reduced in
localities not too far removed from the high powered broadcasting
stations. The noises have been so overridden by the increased power
of broadcasting stations with high modulation that even in the
summertime in some parts of the city of New York there are only a

* See references 59, 60, and 61.
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few times in which atmospherics interfere with the quality of received
broadcast to such an extent that the listener shuts off his receiver.

AMATEUR, COMMERCIAL, AND GOVERNMENT INTERFERENCE*

Another form of interference which was annoying in the early
popular status of broadcast reception was that due to amateurs who
were sending on spark transmitters. However, the amateurs largely
of their own accord's," beginning in 1922, through their organized
methods rapidly discontinued the use of such transmitters until now
we have practically no interference from that source. The commercial
and government spark and arc stations also produced interference.
There is still some interference from commercial spark stations on
ships. The sibilant and transient characteristics of spark and arc
interference made them more apparent as a rule from the hard dia-
phragm used in horn speakers, than from the softer muffling type of
paper hornless speakers.

OSCILLATING RECEIVER INTERFERENCE

Another form of interference was prevalent in the forepart of the
popular broadcasting era beginning in 1921; that was due to oscillatory
receivers. The regenerative type of receiver was often so adjusted that
it oscillated, thereby becoming approximately a 1 -watt transmitter
which produced a squeal in other receivers. That has been gradually
discontinued since the latter part of 1925.

ELECTRIC LIGHT AND POWER LINE INTERFERENCEt

The interference from power and lighting lines, x-ray machines,
etc., has been decreased somewhat since 1925, due to protests on the
part of the public.

RESISTANCE COUPLING IN AUDIO AMPLIFIERSt

Since the beginning of popular broadcasting and the use of audio -
frequency amplifiers, there have been used what is known as resistance
coupled amplifiers. These amplifiers when properly constructed do not
discriminate to a detrimental extent against any of the sound or audio
frequencies, and therefore in themselves do not spoil music. However,
they do not amplify as much as the transformer coupled amplifiers.
Therefore, transformer coupled amplifiers were used mainly in the
beginning when there was not so much power to amplify, but it soon

 See reference 71.
See reference 71.

t See references 43, 67. 68, 69, and 70.
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became apparent that they were spoiling the quality of the music as
received by the broadcast listener. Early transformers were copied
after transformers which had developed to pass the spark and arc
telegraph note, or pitch, of about 1000 cycles. They had not been
designed to handle the musical scale. The manufacturers of resistance
coupled amplifiers informed the broadcast listeners that the trans-
former coupled amplifiers did not reproduce the bass notes of the
music, nor did they reproduce the high notes as satisfactorily as
they should. At the same time the listeners were informed that
resistance coupled amplifiers reproduced all notes equally well. There-
fore, beginning in 1923 and reaching a peak in 1925, the resistance
coupled amplifiers were put into considerable use by people who wanted
better quality in their broadcast reception.

INCREASE OF PLATE VOLTAGES

It was found that the vacuum tubes could not be used to produce
the desired loud sounds with the voltages that were being used on the
"B" battery circuit, without distortion. Lack of low notes, rasping
sounds, and changes in pitch resulted from this distortion. By in-
creasing the "B" battery voltages more power was delivered to the loud
speaker with less distortion, and therefore since 1925 there has been an
increase in the plate voltage.

PARALLEL TUBES IN THE LAST STAGE OF THE AUDIO AMPLIFIER

Even with the increased plate voltage it was found there was still
some distortion; therefore, in 1926 and 1927 two tubes were used
frequently in parallel in the last stage of the amplifier as a further
attempt to get enough distortionless power for the loud speaker.

IMPROVED AUDIO TRANSFORMERS

By the beginning of 1926 all of the manufacturers of audio -
frequency transformers had seen from the growing popularity of re-
sistance coupling and large transformers that it was necessary for
them to improve their transformers so that better reproduction could
be obtained through the audio -frequency amplifier. Accordingly
they put on the market improved audio -frequency transformers
using a greater amount of iron, a better quality of iron, and more
suitable windings to transform audio -frequency currents without the
former undesirable distortion which had been obtained when using
such transformers. The general improvement has been very noticeable.



1414 Marriott: U. S. Radio Broadcasting Development

ELIMINATION OF REGENERATION

In 1926 and 1927 it also became apparent that the use of regenera-
tion in receivers intentionally or unintentionally was detrimental to
the output of sound obtained from the receiver; therefore, more active
steps were taken to do away with all regeneration, careful shielding"
of coils from each other, neutralization, phase shifting, and various
other arrangements and methods were employed to prevent the low,
hollow sounds and heterodyne squeals due to regeneration.

POWER TUBES IN AUDIO AMPLIFIERS

Since it had been found that paralleling tubes were desirable to
get better quality, new tubes were designed called audio -frequency
output tubes or power tubes to be used in the last stage of the radio
apparatus. These handle a sufficient amount of current to operate the
loud speaker at more volume and with less distortion due to the tube.
These higher power tubes came into active use beginning the latter
part of 1926, and are continuing to the present time as a noteworthy
factor for increasing quality.

RADIO CIRCUITS FOR BETTER AUDIO REPRODUCTION*

At the first of the year 1928, some public attention was given to
improved radio -frequency circuits which will receive all of the radio
frequencies involved in a broadcast transmission sufficiently well to
better preserve the quality of the music. This is called broad band
reception. It is intended to receive all the radio frequencies produced
by one station equally well so that the higher notes and harmonics will
arrive at the speaker in proper force. Also band reception of this type
is intended to exclude all other frequencies such as crosstalk from
adjacent channels, thereby reducing interference. There is need for
great improvement along those lines and along the lines of making
receivers that will cover the entire broadcasting band uniformly.

PUSH-PULL TRANSFORMERS IN AUDIO AMPLIFIERS

For a number of years there has been used an arrangement of
transformers for the last stage of audio -frequency amplification called
the push-pull, which when properly constructed and used with the
proper tubes has been very beneficial in producing high quality
music. This arrangement has come into service considerably in 1928
to improve the quality of broadcast reception.

 See reference 38.
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UNITED STATES RADIO CONFERENCES

Related to the apparatus both in transmission or reception, other
means have been used to improve the quality of broadcast reception.
For example, in 1922, 1923, 1924, and 1925, Secretary Hoover of
the Department of Commerce called a conference of people engaged
in all phases of broadcasting and people listening to broadcast for
the purposes of trying to control the broadcasting so that more satis-
factory results could be obtained by the broadcast listener.

DEFIANCE OF UNITED STATES AUTHORITY

That.conference action benefited the transmission and reception of
broadcasts but was discontinued in 1926 because a broadcaster in
Chicago defied the United States authority and used a wavelength
not authorized. When the Department of Commerce brought suit
the courts upheld the action of the broadcast station, thereby curtail-
ing the power of the Department of Commerce.

NEW UNITED STATES RADIO LAW AND FEDERAL RADIO COMMISSION*

The matter of delivery of satisfactory high quality broadcast to
the listener was of such importance that the 69th Congress in 1927
passed a new radio law intended to correct the weakness of the govern-
ment and enable the government to aid the public in obtaining satis-
factory radio service, and furthermore, for that purpose a special
Federal Radio Commission was appointed. The chief inspiring ob-
jective of that law and of a large part of radio and acoustical engineer-
ing of the past twenty years has been to deliver to all broadcast
listeners all notes of the musical scale at their proper strengths, without
interference.

The following is an extract from a report of the Federal Radio
Commission:

The passage of the radio act of 1927 presented a situation without
parallel in the history of American executive departments. A wholly new
Federal body was called into being to deal with a condition which had
become almost hopelessly involved during the months following July 3,
1926, when it had become clear that the Department of Commerce had
no authority under the 1912 radio law to allocate frequencies, withhold
radio licenses, or regulate power or hours of transmission. The new law
itself was, of course, totally untested, and the Federal Radio Commission
was called upon to administer it with no clear knowledge as to the
limitations which might be created by subsequent court action.

The act embraces the whole field of radio communication, but pub-
lic interest was concentrated almost wholly on the single section of it

t See reference 73.
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devoted to radio broadcasting. The problems of point-to-point radio
communication, of radio -telegraphy, of marine wireless, of power trans-
mission, etc., though of vast importance, did not present such an urgent
need for immediate action as the utter confusion within the broadcasting
band. Public opinion assumed that the prime purpose of the law in cre-
ating the Federal Radio Commission was the immediate establishment
of a sound basis, in the interest of the radio broadcast listener, for the
orderly development of American broadcasting.

For this reason the work of the Federal Radio Commission from its
first meeting on March 15, 1927, up to June 30, was devoted almost
exclusively to clearing up the broadcasting situation. With the physical
capacity of the available channels, or wavelengths, already far exceeded
by the number of stations actually in operation, and with no provision
in the law for the Federal acquisition or condemnation of broadcasting
stations in order to reduce the total number, the commission found it
necessary to evolve some plan whereby, without any unconstitutional
exercise of arbitrary authority, the listening public could receive more de-
pendable broadcasting service, and whereby a gradual and orderly
development could be counted on to bring about a progressive reduction
in radio interference.

The following record, taken largely from the orders and bulletins of
the commission, outlines the steps whereby this plan was evolved and put
into execution. These steps were, in brief, four: First, the determination
of the best scientific opinion through a series of public hearings; second,
the internal organization of the commission, handicapped as it was by
lack of funds, to handle the enormous amount of documentary material
which was required; third, the protection of the broadcasters against
liability for unlicensed broadcasting until a suitable basis for the new
licenses could be worked out; and, fourth, a complete new allocation of
frequencies, power, and hours of operation for all of the existing 732
broadcasting stations to provide adequate local separation and a basis
for the gradual elimination of distant interference.

Under the radio act of 1927 the Federal Radio Commission was for-
mally organized on March 15, 1927, as follows:

Rear Admiral W. H. G. Bullard, of Media, Pa., commissioner from
the second zone, chairman; Judge Eugene 0. Sykes, of Jackson, Miss.,
commissioner from the third zone, vice chairman; 0. H. Caldwell, of
New York, N. Y., commissioner from the first zone; Henry A. Bellows,
of Minneapolis, Minn., commissioner from the fourth zone; Col. John F.
Dillon, of San Francisco, Calif., commissioner from the fifth zone.

Sam Pickard, chief of the radio division, Department of Agriculture,
was engaged as acting secretary when the commission was organized.
Mr. Pickard was made permanent secretary on April 20, 1927.

Assignment of Commissioners
Chairman Bullard took direct charge of the radio stations in the

second zone, embracing Pennsylvania, Virginia, West Virginia, Ohio,
Michigan, and Kentucky.

Commissioner Sykes took charge of the third zone, embracing North
Carolina, South Carolina, Georgia, Florida, Alabama, Tennessee, Mis-
sissippi, Arkansas, Louisiana, Texas, and Oklahoma.



Marriott: U. S. Radio Broadcasting Development 1417

Commissioner Caldwell took charge of the first zone, embracing
Maine, New Hampshire, Vermont, Massachusetts, Connecticut, Rhode
Island, New York, New Jersey, Delaware, Maryland, District of Colum-
bia, Porto Rico, and the Virgin Islands.

Commissioner Bellows took charge of the fourth zone, embracing
Indiana, Illinois, Wisconsin, Minnesota, North Dakota, South Dakota,
Iowa, Nebraska, Kansas, and Missouri.

Commissioner Dillon took charge of the fifth zone, embracing
Montana, Idaho, Wyoming, Colorado, New Mexico, Arizona, Utah,
Nevada, Washington, Oregon, California, Hawaii, and Alaska.

Due to the lack of funds, the commission was forced to open its
offices at the Department of Commerce, where Secretary Hoover pro-
vided a suite of rooms formerly occupied by the Bureau of Navigation.
It was possible to engage only a small office force, and it has been neces-
sary to economize in every possible way.

When the Federal Radio Commission was inaugurated it found a
chaotic condition prevailing in the radio field, for after Government
control broke down in 1926 many broadcasters jumped their waves,
seeking more desirable channels, regardless of their existing occupants.
Even the channels reserved for Canada were appropriated, and split
frequencies were used, with only a slight separation of from 1 to 5 kilo-
cycles in many instances.

The problem confronting the commission was to try and bring order
out of chaos by placing the 732 broadcasting stations on 89 wave lengths,
so as not to create serious interference. The first act of the commission
was to continue in force all radio amateur and ship licenses issued by
the Department of Commerce and all coastal, point to point, technical,
training, and experimental radio licenses, in order that attention might be
concentrated on the pressing problems within the broadcasting band.

Public Hearings Helpful
For the purpose of providing opportunity for the presentation of

general suggestions by the public and by qualified experts as to the meth-
ods for reducing interference within the broadcasting law, at its first
meeting the commission arranged for a series of public hearings for March
29 to April 1, inclusive.

The subjects assigned for discussion were: Broadening the broad-
casting band, limitation of power, reducing frequency separation,
simultaneous broadcasting with the same frequency, chain broadcasting,
division of time, consolidation of broadcasting service, limiting the
members of broadcasting stations, and general discussion.

United opposition to widening the broadcasting band in order to
accommodate more stations was expressed at the hearings by repre-
sentatives of the radio art, science, and industry. Diverse views were
presented regarding limitation of the power output, with the general
opinion prevailing that this should be determ ned on the basis of area to
be served by the respective stations. Stout opposition was registered
also against reducing the frequency separation between channels from
10 to 7 kilocycles, while chain broadcasting in the main was indorsed.
It was agreed that a division of time by stations is absolutely necessary
to relieve to some extent the congestion on the ether channels.
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MODIFIED RADIO LAW*

In 1928 the radio law of 1927 was modified by the 70th Congress
in a further attempt to provide quality broadcasts for all, and par-
ticularly to provide equality in the different possessions, territories,
states and zones, proportioned according to population, and to con-
tinue all of the authority of the Federal Radio Commission.'

Part 11

ROUTE OF RADIO BROADCAST FROM STUDIO OR AUDITORIUM TO LOUD
SPEAKER SHOWING CO -RELATION OF ELEMENTS WHICH NECESSARILY

FUNCTION TO RENDER SATISFACTORY THE SOUNDS
EMANATING THEREFROM

In the history of broadcasting development we must consider the
route traversed by the modern broadcast to appreciate the steps of
development and the obstacles that have been removed to bring out
satisfying currents of musical frequencies of sufficient power from the
present day radio receiver. For this purpose a chart entitled "Route
of a Radio Broadcast" (Fig. 2) has been prepared. The route is mapped
out through named squares connected by arrows, plain arrows for
audio frequencies and feathered arrows for radio frequencies. Indicated
by an asterisk at the bottom of the chart are listed the kinds of vehicles
the broadcast uses many times in its journey. Also at the bottom
of the chart, indicated by a dagger, are listed some of the causes of
detrimental results which produce sounds unsatisfactory to the
listener.

BROADCASTERS

In the upper left hand square of this chart we have portrayed the
normal broadcasters. Broadcasters as here considered are complicated.
They consist of wind instruments which have a sound pitch varying
from 43 to 4608 sound cycles per second; stringed instruments which
vary in pitch from 40 to 3072; the human voice which varies in pitch
from 80 to 1,152, and the kettle drums which vary from 85 to 170.
In addition we have harmonics of those broadcasters which may vary
in pitch up to as high as 20,000. In the history of broadcasting develop-
ment the first broadcasting by radio could not carry the human voice;
all it could carry was code signals, short and long buzzing sounds.
The second stage broadcasting could carry the human voice, but that
was not sufficient for broadcasting as we now know it. The aim of
broadcasting as we now know it is to carry faithfully music which
has a range, as we will see by comparison in this first square, far

 See reference 74.
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 Broadcast Vehicles: A -air waves; V -vibrating solids; C-carbon compres-
sion and expansion; AF -pulsating or alternating audio current; RF-pulsating or
alternating radio current; M -pulsating or alternating magnetism; 1 -pulsating
electron stream; R -rectified current; E -ether waves. 2A, 5V, 1C, 30AF, 12RF,
25M, 251, IR, -FE.

Results which have made broadcast reception
unsatisfactory:

W -weakened or lost notes
E -exaggerated notes
D -distorted notes
D -added noises or notes
F -fluctuations

f Some of the causes of the above detrimental
results:
1. orchestra characteristics (these may result

in W, E, or D of the above unsatisfactory
results)

2. sound reflection and absorption (W, E)
3. position of microphone (W, E)
4. sound phase interference (W)
5. damaged microphone (W, N, F)
6. audio -frequency discrimination (W, E)
7. loose parts (N, W)
8. natural periods (E W)
9. non -uniform impedance (E, W)

10. non -uniform losses (E,
11. amplitude limitations (W. N, D)
12. over modulation (D, W. F)
13. radio fading and interference (F W, N, D)
14. radio -frequency discrimination (E, W)
15. amateur stations (N)

16. government and commercial aro and spark
stations (N)

17. oscillating receivers (N)
18. `A° battery (suite (N)
19. 93" battery faults (N)
20. C battery faults (N)
21. poor connections (N, W)
22. tube noises (N)
23. power and light line disturbances (N)
24. regeneration (E)
25. station heterodyne (N)
26. harmonic heterodyne (N)
27. ratio of atmospherics and noises to broad-

cast (N, W)
28. detrimental mechanical capacity, magnetic

and conductive cowlings (N, D)
29. failing batteries (W)
30. leaking insulation (N)
31. induction to pick up lines (N)
32. 0A,"13." and C" battery eliminator varia-

tions (N)
33. shifting carrier wave (W, F, D)
34. listener's characteristics (W, E)
35. inexperience and inattention (W, E, D, N. F)
36. local interference and absorption (W, N)
37. cross talk (N)
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beyond the range of the human voice. It has been development along
the lines of repeating all of the notes or pitches in such a range that
has given us our present degree of quality in broadcasting transmission
and reception. The broadcast of the winter of 1907 and 1908 was the
"Merry Widow Waltz" played by a "His Master's Voice" phonograph
into a telephone microphone. The microphone was in series with the
antenna of the broadcasting station. The radio generator was the little
arc. The listener with his crystal detector and head phones heard the
tune of the music and some of the notes from that simple arrangement.
Compare that with the complications of present day broadcasting.

THE STUDIO OR AUDITORIUM

In this diagrammatic route of today's broadcasted pitches, notes,
or audio frequencies, as they may be termed, they travel from the first
square into the auditorium or studio which is provided with special
acoustics including walls of special construction and including special
movable wall drapes and floor coverings. Not only must certain
fundamental notes and harmonics be produced at different strengths
to make music satisfactory, but where that music is produced in a
room a certain amount of reverberation is necessary. Reverberation
is due to many reflections. It augments sounds and prolongs them.
Part of the reverberation occurs in the auditorium or studio and part
occurs in the listener's home. The amount that occurs in the studio,
auditorium, or home depends on the walls, floors, and ceilings of the
room and upon the number of people in the room. Also microphones
must be so placed in the studio or auditorium that they are not at
the focus of augmented notes or weakened notes or where they will
be blasted by too much volume. With a definite microphone location
the artists must be placed at proper relative distances and the acoustic
drapes on the walls shifted to suit the number of people and the loca-
tions of the instruments. All of which makes the acoustics a compli-
cated problem requiring considerable material and skill.

TYMPANUM

From the auditorium or studio the sound passes in air waves to
the tympanum of a broadcasting microphone. While a broadcasting
microphone appears to be about 6 or 7 inches in diameter as seen from
the outside, the actual tympanum which picks up the energy from the
sound waves in air is only a metal disk about 1-1/2 inches in diameter.

MICROPHONE

The vibrations of that metal disk are transmitted to the actual
carbon microphone in the next square through a short connection to
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the movable compression agent of the carbon microphone. There are,
of course, other forms of microphones than carbon microphones, such
as the condenser microphone; however, the carbon microphone is the
most common form of microphone and is, therefore, the one indicated
here. The microphone actually consists of two cells containing carbon
granules, one on each side of the tympanum so that the carbon
granules in one cell are being compressed while the carbon granules in
the other cell are being relieved of compression through the vibration
of the tympanum. This alternate compression and release of the mass
of carbon granules varies the flow of a direct current which we will
term "audio -frequency current." The microphone changes the sound
waves to audio -frequency current.

MIXER*

That audio -frequency current passes downward to the next square
marked mixer. The mixer is the device for bringing together the audio -
frequency currents from several microphones. In the broadcast of
music and speech it is sometimes necessary to use several microphones
distributed at different points about the auditorium or studio in order
to pick up a balanced output of sound or to make it possible to bring
the various sounds to the mixer where they can be balanced by proper
adjustments of the various elements in the mixer. All of this is done
for the purpose of producing satisfactory sound quality for the listener.

AMPLIFIERS*

From the mixer we pass to the next square, which is marked
amplifiers. It will be noticed that this square and some of the other
squares in the route contain more than one line at the bottom of the
square. The multiplicity of lines at the bottom of the square indicates
that the devices which those squares represent are used at more points
in the route than are shown in this chart.

Amplifiers in this case and in this particular location mean audio -
frequency amplifiers. Amplifiers consist of a succession of vacuum
tubes which amplify the power successively, and those amplifiers are
sometimes coupled together by transformers which may increase the
voltage. To avoid distortion of sound frequencies amplifier tubes
are sometimes coupled together by resistances or inductances which do
not amplify the voltage but are simply serving as a means of coupling
the output of one amplifying tube to the input of another tube.

EQUALIZERS*

From the square indicated as amplifiers we next pass to the square
indicated as equalizers. Equalizers are arrangements of conducting

 See reference 72.
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paths which make up for the loss of sound frequencies that has occurred
in the preceding circuits, particularly if those preceding circuits have
included comparatively long lines of conductors such as telephone
wires and cables or complicated auditorium or studio wiring.

CONTROLS*

From the equalizers we next pass to the controls which occur in
several places in the route, and which in some cases are set more or
less permanently, while in other cases they are continually operated
by trained personnel. The extreme variation of power from music is
often too great to be repeated along the route of a radio broadcast,
particularly if that route includes long wire lines as in chain broad-
casting.

For example the fainter sounds in a piece played by an orchestra
may be weaker than ordinary voice power as used in speaking, or say
less than five microwatts. A crescendo may be equal in power to five
watts. The power ratio is a million to one, but to prevent the weak
sounds from falling below the noises in wire lines and the loud sounds
from being distorted in amplifiers it may be necessary to change the
ratio of one million to one to a ratio of ten thousand to one. This is
accomplished by an expert control operator who allows weak audio
frequencies to pass along to the amplifiers and shunts off part of the
more powerful audio frequencies so they are not amplified to the same
extent before they reach the radio transmitter.

METERS, INDICATING INSTRUMENTS, AND MONITORING DEVICES*

We next pass to the square which indicates the existence of meters,
indicating instruments, and monitoring devices that are used at nu-
merous points in the route both of audio frequencies and radio
frequencies. By the use of such devices the personnel are able to
manipulate the controls and re -adjust equalizers to preserve the
music qualities of the broadcast.

SWITCHING AND INTERLOCKING SAFETY SYSTEMS*

We next pass to the square which indicates the switch and inter-
locking safety system that is used at several points in the route and in
connection with apparatus involved in the route to prevent errors and
to make it possible to transfer rapidly from one broadcast to another,
thereby contributing to the continuity of radio broadcasting for the
better satisfaction of listeners.

PERSONNEL*

In the next square is listed the word personnel for the reason that
personnel is such an important element at many points in the broad-

 See reference 72.
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casting route. To make the devices repeat the broadcast satisfactorily
and to make up for any obvious errors requires continual attention.

TELEPHONE WIRES AND CABLES*

In the next square is listed telephone wires and cables. In the
subject of radio broadcasting the word radio appears so prominently
that we sometimes overlook the fact that much of radio broadcasting
is not in the handling of radio circuits and radio frequencies but is in
the handling of audio circuits and audio frequencies. As we have shown
in the first square, audio frequencies vary from about 40 to about 5,000
per second as fundamentals and have added to them a large number of
harmonics which run to a higher value than 5,000, even to audible
frequencies as high as 20,000. It is these harmonics that contribute
what we call naturalness to sounds. In the route of radio broadcast
there may be an almost unbelievable number of repetitions of audio
frequencies. For example, a radio broadcast may be picked up, as it
often has been, in Washington, D. C. where the United States Marine
Band is playing and the President is speaking. Although it is picked up
in Washington it may be broadcast from a broadcasting station in
Seattle, Washington, in which case the broadcast actually travels from
Washington, D. C. to Seattle, Washington, through the cables and
wire lines of the telephone company. The common practice in the
wire telephone transmission of these audio frequencies is to put
them through amplifiers and equalizers very frequently in order to
make up for the unequal transmission of the different audio frequencies
by such wires and cables and to keep the broadcast music at a power
level sufficiently above the noises that may be picked up by the wires
along the line. These amplifiers and equalizers are used about every
twelve miles in cable transmission, and at about every 250 miles in
open wire transmission. Therefore, between such distant points as
Washington, D. C. and Seattle, Washington, a great many equalizers
and amplifiers have to be used in the attempts to reproduce good

quality at the ultimate radio receiver.
It has probably been noticed by many that when broadcasts are

picked up at a distant point the quality of those broadcasts as repro-
duced from a station is not so good as the quality of broadcasts which
are picked up in the nearby studio of that station. That is largely be-
cause the transmission lines from distant points have, to some extent,
damaged the quality of the broadcast more than the quality of the
broadcast is damaged between the nearby studio of the station and
the actual broadcasting station.

In nearly all cases at the present time, considering each high
 See reference 72.
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powered local broadcasting station, the actual broadcast is not picked
up at the radio broadcasting station itself but is picked up at a studio
or auditorium distant from the broadcasting station and comes to the
broadcasting station through telephone wires or cables.

AUDIO TO RADIO

We now come to the radio power of the broadcasting system. All
that has been said heretofore has related to the audio part of the
broadcasting route. In modern high quality broadcasting stations, the
audio frequency is not brought into contact with the radio frequency
at the actual radio generator itself. That is one of the changes which
has been made in recent years to improve the quality of the broadcast.

At first the audio frequency was brought directly to the radio
generator, but it was found that the superimposing of the audio
frequency on the radio generator circuit changed the radio frequency
of the carrier. The radio -frequency carrier is the fundamental radio
frequency of the radio generator. When the frequency of this carrier
was changed the radio waves in travelling from the station to the
broadcast receiver were also changed in frequency and produced a
fluctuating or noisy effect at the radio receiver output." To reduce
the fluctuation in carrier frequency some stations under -modulate the
carrier. That does not entirely cure the defect, and it produces a smal-
ler music range relative to the nuisance range of the carrier. The
separate radio generator with power amplifier has been under de-
velopment since 1921, but is not as yet universally used.

RADIO GENERATOR AND RADIO AMPLIFIERS

Therefore, the radio generator is indicated in the square at the
upper right hand corner where the carrier radio frequency is generated
and from which it passes to a square below where that one frequency
is amplified through a succession of amplifiers. Thence it passes to
the modulator and joins the audio frequencies. For holding constant
the carrier frequency to prevent fluctuations and noises, to prevent
heterodyne notes between stations on the same frequency, and to
comply with the law, the radio frequency is controlled by a vibrating
quartz crystal or checked against such a crystal frequently. Tem-
perature -regulated crystal -controlled transmitters can now hold very
accurately to their assigned frequencies.

MODULATION

When the carrier radio frequencies and the audio frequencies join
they produce, in effect, a number of radio frequencies equal to twice
the number of audio frequencies.
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If the audio frequencies which have been brought from the studio
cover frequencies from 40 to 5,000 or, we will say, a total of 5,000
cycles, then from the modulator a total of 10,000 radio frequencies
and a carrier radio frequency pass to the next square, which we call
the multi -radio power amplifiers.

MULTI -RADIO POWER AMPLIFIERS

As the name indicates, these are very powerful amplifiers de-
signed to amplify the 10,000 or more radio frequencies.

RADIO TUNER AND HARMONIC REDUCER*

From these amplifiers we pass to the next square marked radio
tuner and harmonic reducer by a large arrow indicating much more
power. The purpose of this arrangement of circuits is to pass all of the
10,000 or more radio frequencies that are necessary for the production
of higher quality audio frequencies for the listener, and to eliminate
harmonics of the radio frequencies, more particularly harmonics of the
carrier frequency which can produce interference in the reception of
broadcasts from other radio stations. The radio harmonics are also
confined by screening radio circuits and by the use of other harmonic
absorbing circuits.

ANTENNA

From this square we pass to the antenna of the broadcasting sta-
tion in which all of the radio frequencies are produced and which
radio frequencies in turn produce waves that pass out in the ether
indicated in the next square.

THE TRANSMITTING MEDIUM

The ether or space does not always offer one constant path for all
of these radio frequencies. Reflections frequently occur in the ether
which jumble these radio frequencies so that the effect of some or all
of them is decreased, producing what we call fading noises or simple
fading that shows itself in a weakening of the received signal at the
radio receiver. At a distance of 70 miles and over, every station fades
as a rule. Sometimes the fading is noted even by the ear for shorter
distances.

RECEIVING ANTENNA

Through the ether the waves arrive at the next square marked
receiving antenna, in which they set up the 10,000 or more radio fre-

 See references 35 and 37.



1426 Marriott: U. S. Radio Broadcasting Development

quencies and from which antenna or square we pass to the radio re-
ceiving tuner and radio amplifier.

RADIO RECEIVING TUNER AND AMPLIFIER

The purpose of this tuner is to receive those 10,000 radio fre-
quencies, and to exclude higher and lower radio frequencies from other
stations. If that tuner and amplifier does not receive all of the 10,000
radio frequencies equally well or amplify all of them equally well, then
the final output of music will be distorted. No transmitter or receiver
is ideal to the extent that it handles all of the radio frequencies equally
well in broadcasting and receiving the musical scale. Some of the
most recent developments and one of the most recent tendencies is to
so design the radio receiver and the radio transmitter that they will
transmit the 10,000 or more radio frequencies more nearly equally
well than they have in the past because they are obviously somewhat
lacking in that respect and therefore even our best reproduction is
lacking in fidelity for that reason." At the same time there is a
growing need for more selective receivers.

RADIO DETECTOR AND AUDIO -FREQUENCY AMPLIFIERf

From the the tuner and amplifier we next pass to the
square indicating the radio detector and audio -frequency amplifier.
The radio detector is a rectifier which cuts off the upper or lower half
of 10,000 or more of the radio frequencies carrying the 5,000 or more
audio frequencies in which by doing so in effect changes those radio
frequencies into approximately the original 5,000 or more audio
frequencies. The audio frequencies are then amplified by the audio -
frequency amplifier, which consists of a succession of two or more
tubes coupled together by resistance coupling or transformer coupling.
If the resistance coupling is used and carefully built it will couple the
amplifiers together and transfer the audio frequencies without much
distortion." Up to within about the last two years transformers
were commonly so constructed that they did not transfer the lower
notes satisfactorily and due to capacity leakage did not transfer some
of the high notes satisfactorily. Therefore, considerable distortion of
the music was the result. The tendency now is to use high quality
transformers and also to use tubes in the audio -frequency amplifier
which can handle all of the current necessary to deliver a considerable
amount of power in the form of more faithfully reproduced music.
The tubes heretofore used have sometimes been limited in their
ability to handle faithfully a considerable amount of power, therefore,

t See references 67, 68, 69, and 70.
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they distorted the output of the radio receiver. The use of better trans-
formers and higher power tubes has produced a very noticeable increase
in quality during the last two years.

DRIVER

Passing from the radio receiver we come to the driver of the loud
speaker. The driver herein shown is what is usually called the balanced
armature type. An armature is balanced between magnetic poles and
the armature is surrounded by a winding which carries the output
of a radio receiver, the audio frequencies from the radio receiver serving
actually or in approximate effect to change the direction of the mag-
netism of the armature and cause it to alternate back and forth be-
tween the poles. The armature itself is a little rod of iron supported
at its center on a torsion spring, and the results the device will repro-
duce depend somewhat upon the natural period of the torsion spring
and the natural period of the iron armature. Also, the end of the
armature is connected by stiff wire or rod into the next square where
the other end is connected to a tympanum.

TYMPANUM

The tympanum is in contact with the air, and its movement driven
by the movement of the armature moves the surrounding air, pro-
ducing the sound heard by the listener. The output is more or less
affected not only by the natural periods of the torsion spring, and the
magnets and the armature, but is also somewhat affected by the
natural period of the connecting arm and by the natural period or peri-
ods of the tympanum. If the armature is off center between the poles
some rectification, distortion and false harmonics result.

Late 1927 and 1928 speakers use a different driver known as the
dynamic type. This dynamic type was in use in the loud speakers of
1920 and 1921. It required powerful permanent magnets or an electro-
magnet which required power, making it comparatively expensive.
In 1920 and 1921 it was attached to a flat or corrugated diaphragm
or tympanum and horn. Now it is attached to a small conical dia-
phragm or tympanum and a baffel board or box. With the driving coil
mounted directly on the diaphragm the vibrations of such solids as the
torsion spring, the armature, and the connecting wire are eliminated.

LISTENER

In the next square we indicate the listener, who is the ultimate
consumer of the broadcast. The original audio frequencies were pro-
duoed and judged by ear, were changed to radio frequencies, then back
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to audio frequencies, and are now again judged by ear. The listener
has become more and more critical of quality since 1922; he has had
to learn a great deal. The ear is far from a perfect instrument."
Harmonics of a low note frequently give the impression that the low
note is heard when it is not present." The ear itself is a modulator."
These and other ear characteristics combined with lack of knowledge
of what has caused distortions have caused many false impressions.
But the listener still continues to learn; with increasing knowledge he
requests better quality.

BROADCAST VEHICLES

The commonly used term for the main radio frequency of the 
broadcast transmitter is "carrier." That is, the main radio frequency
of the broadcast transmitter is called the carrier frequency. Since in
the transmission of a broadcast the carrier frequency is not the only
thing that carries the broadcast, I have called the other things
"vehicles." For example, in the studio the first "vehicle" is air waves,
also from the loud speaker to the listener the last "vehicle" is air
waves. At the microphone we have the vibrating solid tympanum, and
in the driver and in the connections of the driver to the tympanum of
the final loud speaker we also have vibrating solids. Therefore, vi-
brating solids are listed as a "vehicle." The standard frequency crystal
of the radio transmitter is the pacing vehicle of the radio generator.
In the microphone we also have carbon compression and expansion,
which is one of the vehicles. The varying pressure in the carbon
changes a current of electricity which may appear there and at other
points as pulsating or alternating audio -frequency current. Therefore
we consider pulsating or alternating audio current as another vehicle.
In the same way the many pulsating or alternating radio currents
which are used in the various radio stages of the radio transmitter
system are considered as another vehicle.

In various couplings between audio -frequency circuits and in coup-
lings between radio -frequency circuits the inductive method of coup-
ling is frequently employed, in which case these frequencies are not
current frequencies but are pulsating or alternating magnetic fre-
quencies. Therefore, pulsating or alternating magnetism is considered
as another vehicle. In the vacuum tubes we have a different form of
current known as the electron stream, wherein electrons leave the
hot filament of the vacuum tube and travel to the cold plate of the
vacuum tube. This electron stream is termed another vehicle. Then
at the radio receiver we have a detector producing rectified current,
in which that process of rectification acts as another form of vehicle.
Then, of course, we have the vehicle of the ether waves. All of these
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different vehicles are preceded by a key letter. A, for example, is for
air waves, etc., which key letters are incorporated in the above squares
indicating the place in these squares in which these various vehicles
are used.

Following the list of vehicles at the bottom of the chart, we find
the figures and letters, for example, 2-A, 5-V, etc. That is meant to
indicate that in a normal broadcast these various vehicles may be used
a considerable number of times. For example, in a normal broadcast
2-A indicates that air waves will be used twice; 5-V indicates that
the broadcast will pass through vibrating solids 5 times; 1-C indicates
that it will pass through carbon compression and expansion once.
30AF indicates that the broadcast is in the form of audio -frequency
currents in wire circuits condensers, etc., as much as 30 times; 12 RF
indicates that the broadcast is in the form of radio -frequency currents
as much as 12 times in succession; 25-M indicates that the broadcast
may be in the form of alternating or pulsating magnetism as much as
25 times in succession in the same broadcast; 25-I indicates that the
broadcast may be in the form of electron streams as much as 25 times
in succession in the same broadcast. 1 R indicates that the broad-
cast is detected or rectified once; 1 plus E indicates that the broadcast

one or more paths of ether waves at the same time in one
broadcast.

Farther down towards the bottom on the left of this chart are
enumerated some of the results which have made broadcast reception
unsatisfactory in the past and which have through all these years
been more or less gradually and partly eliminated. For example, the
letter W indicates weakened or lost notes. The letter E indicates
exaggerated notes. The letter D indicates distorted notes. The
letter N indicates added noises or notes. The letter F indicates
fluctuation.

Below that list are listed a number of the causes of the detrimental
results just referred to. The list includes 37 causes which have in the
past produced unsatisfactory output from the receiver, and which
have had to be minimized or eliminated to bring broadcasting to its
present degree of quality in reproduction. Following each of these
numbered causes are letters in parenthesis referring to the results which
have made broadcast reception unsatisfactory. For example, in the
cause listed after 10, in the list of causes, we find letters (E, W).
10 indicates that a cause of unsatisfactory broadcasting is non -uniform
losses; of the (E, W) the E refers to exaggerated notes, and the W
refers to weakened or lost notes. They are the result of non -uniform
losses. We find in the squares above that 9 appears in numerous
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squares. For example, in amplifiers and in the square marked tele-
phone wires and cables. The losses in telephone wires and cables are
greater for the higher audio frequencies than for the lower audio
frequencies; therefore, the higher audio frequencies are weakened and
the lower audio frequencies, considering the matter the other way, are
exaggerated. This has been somewhat overcome, of course, by the use
of equalizers and is being better overcome by improved equalizers.
All of the numbered causes refer to the different squares showing where
those causes have interfered in the past and in some cases where they
interfere at present with the proper reproduction of radio broadcasts.
The tendency of course has been, and still is, to remove those causes
or to control them so that they cannot interfere with proper repro-
duction of broadcasts.

Part III

POSSIBLE FUTURE DEVELOPMENTS

The trend of past developments as indicated in the charts and
their descriptions presumably points to some of the trends of future
developments.

The trend from the beginning to the present has been to improve
the quantity, variety, and quality of what the listener may hear, to-
gether with improvements in the convenience and appearance of the
listener's apparatus.

POWER

The effects of "static" or "atmospherics," the bugaboo of radio,
have been the continual subject for elimination without appreciable
success in broadcast reception. In broadcasting, their comparative
effects have been steadily reduced by using more power at the broad-
casting station, thereby riding over the static noises. Weakening of
signals in daytime and summer has also been offset by using more
power.

Fading at a distance of seventy miles or more has gradually come
to be a recognized characteristic in broadcasting. By the use of more
power at the stations, and recently by the use of automatic volume con-
trols, the intelligibility of broadcasts have been improved. Those
things indicate that more power will probably be used in the future.

The continual increase of power used by broadcasting stations from
year to year is one of the conspicuous features of broadcasting de-
velopment.

At present the average broadcasting station power is nearly 2 kw.
If the increase should continue as in the past the average might be 10
kw and the maximum power might be 500 kw in less than five years.
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Both broadcasters and broadcast listeners ask for more power.
The broadcast listeners ask that their favorite stations be given more
power so that more satisfactory results may be obtained. The broad-
casters ask for more power so that more people can get satisfactory
results from their stations, thereby influencing more people to listen

to them.
There is more to recommend great power and increase of power for

stations in cleared channels than for stations operating in the same
channel with other stations. However, when stations in the same chan-
nel are brought to so nearly the same frequency that heterodyne
squeals are not heard, or are not disagreeable, the increase of power
in these channels may be less objectionable.

Where stations on the same frequency are operated on the same
program, as they may be in the future, still more power can probably
be used with less objectionable features than now exist with weak
stations on the same frequency.

Altogether it seems that the predominant natural demand and pos-
sibilities point toward more power both as to average power and as to
maximum power.

SELECTIVE RECEIVERS

Related to the amount of power and number of stations, as indi-
cated by the curves, is the matter of cross -talk. Fig. 2 also indicates
the places in the route where cross -talk exists.

One kind of cross -talk has existed because one microphone picked

up what happens in two studios, or the wires from studios were un-
intentionally coupled together and fed two programs to one broadcast
transmitter. Such cross -talks have been decreasing, and it is expected
that they will be almost entirely eliminated.

The other more common and detrimental kind of cross -talk occurs
in the ether or space as the number or power of stations is increased.
The extent to which such cross -talk comes from the listener's loud
speaker depends upon the locations of the broadcasting stations rela-
tive to the listener, and upon the selectivity of the listener's receiver
as modified by the frequencies and powers of the stations when the
listener has his receiver tuned to a station on a cleared channel. Other
complications, such as the peculiarities of the listener's locations, the
time of day, and time of year, enter into those matters.

When the listener is tuned to a station that is transmitting on the
same frequency on which other stations are transmitting, the cross-
talk possibilities may be further complicated, depending on his loca-

tion.
There are over 600 broadcasting stations, about 5,000,000 square
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miles of non -uniform territory, and over 50,000,000 listeners involved
in this. The listeners in rural and metropolitan United States and
Canada want cross -talk reduced.

Since 1922 the Department of Commerce and the Federal Radio
Commission have tried to reduce such cross -talk to a satisfactory
minimum by changing the locations, frequencies, and relative powers
of broadcasting stations. The continued results indicate that such
cross -talk cannot be reduced to a satisfactory minimum by such meth-
ods. Something else evidently must be done. It is apparent that more
selective receivers are required. The cross -talk is bound to be in the
ether or space; receivers that will select what is wanted are required.

Cross -talk between stations in the same channel must be reduced
to as satisfactory minimum as is possible by regulating the power and
location of stations or by synchronizing the stations on the same
broadcast, but the cross -talk from stations on other channels is
evidently chiefly the problem of receiver manufacturers.

The background of past development and present conditions
indicate that the receiver of the near future should be a very selective
bandpass receiver. From this consideration of thepast and present, it
appears that the responsibility for cross -talk between channels will lie
principally with the manufacturers of receivers, and that cross -talk
will be greatly reduced or eliminated by them.

MEASUREMENTS

The trend of development has repeatedly brought up such ques-
tions as what is effective power and what is service range, indicating
the need for better standards and more measurements locally and at
distances. That condition should prophesy the wide extension of volts -
per -meter and other measurements.

HARMONIC REDUCTION

The power increases in broadcasting and the expansion of radio to
the higher frequencies have pointed out the necessity for eliminating
harmonic radiation. The indications now are that such harmonics can
and will be materially reduced.

AUDIO ENGINEERING

It is a conspicuous part of the development indicated in both charts
and in their descriptions that radio broadcasting is a part of radio en-
gineering, wherein audio engineering is very important. A radio
broadcast is first audio, then radio, and then audio. For future im-
provement the audio must improve as well as the radio.
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In that connection, it is interesting to our members to note that
the word "audio" as applied to frequencies and engineering was
coined and standardized by the Standards Committee of this Institute
in 1913.

THE MICROPHONE AND LOUD SPEAKER

From the very beginning of broadcasting efforts have been made
to improve the input microphone and yet that device, although still
in need of improvement, has probably changed less than any other
element. The terminal device, now the loud speaker, a powerful
counterpart of the microphone, has not improved as much as expected.
That history may indicate some future radically different audio
devices to take their places.

MORE CHANNEL SPACE FOR AUDIO FREQUENCIES

Running through the chart Figs. 1 and 2, is continued develop-
ment to produce "quality" or "fidelity" or "faithful reproduction" for
the ear of the listener. That trend of development may be expected
to continue.

Part of our available music, to be natural and satisfactory, must
contain harmonic frequencies that are higher in frequency than 5,000
cycles. When audio frequencies above 5,000 cycles are broadcast from
a station the radio -frequency band of that station is over 10 kc wide,
therefore that station's radio frequencies encroach on the next channel
to produce cross -talk. Therefore, the desire and effort to produce
higher quality 'may result in an effective demand for widening the
channels.

To widen the channels has become more and more difficult in
recent years of broadcasting development, due to the increase in radio
uses below 550 and above 1,500 kc, and due to the demands for places
on the existing 10-kc channels.

This condition may result in the often talked of single-sideband
and carrier transmission which only requires a band width about
equal to the highest audio frequency that is transmitted, instead of
twice that frequency as at present. Such single-sideband and carrier
transmission would have room in the present 10-kc channels to carry
as high as the second harmonic of the highest fundamental frequencies
in music.

REDUCTION OF HETERODYNE INTERFERENCE

Through all radio broadcasting development and other radio
development, accurate and stable frequencies have been a goal that
has been steadily approached. In 1913, it was considered a laboratory
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feat to measure a frequency to within 0.5 of 1 per cent and frequencies
were only required to be exact to within about 10 per cent. Now
radio laboratories claim to be able to hold frequencies to 0.00002
of 1 per cent, and broadcasting stations claim to be able to hold
their frequencies to 0.001 of 1 per cent or better.

The time has apparently arrived when it is practical for broad-
casting stations to hold their frequencies to within 50 cycles of a
given frequency, and the time has also apparently arrived when the
government checking agencies are capable of checking such frequencies
sufficiently accurately and fairly rapidly in any part of the United
States through the Bureau of Standards equipment and the checking
equipment of the Radio Division of the Department of Commerce
in its several districts.

This situation of being able to hold and check frequencies accu-
rately, and the development within the recent years of high modulation
seemingly predict the elimination of heterodyne squeals that have
been characteristic in the channels where two or more stations are
transmitting in those channels.

High modulation reduces the heterodyne or nuisance range of a
station relative to its service range. In effect, that can mean the
reduction of the strength of the heterodyne.

Holding two stations in a channel to within 50 cycles of the same
frequency means that the heterodyne note will be lower than 100
cycles. The audio -frequency circuits of radio receivers and the loud
speakers are usually comparatively inefficient at such low frequencies
and the ear is not sensitive to such low frequencies,-therefore such
low heterodyne frequencies are far less disturbing in effect than have
been the irritating heterodyne squeals.

Since over half of the present broadcasting channels are occupied
by more than one station at a time and since over 80 per cent of the
stations are in those channels, decreasing and eliminating heterodyne
disturbance in those channels would be a high percentage improve-
ment of great advantage to the broadcaster and to the listener.

SPECULATIVE POSSIBILITIES

Relay broadcasting, using for example high frequencies to reach
great distances with a minimum of atmospheric interferences and a
multiplicity of such frequencies to balance fading effects, whereby a
broadcast might be sent around the world and be picked up for re-
broadcasting by local stations, has been foreshadowed to some extent
in the development up to the present.

Broadcasting of moving pictures to some extent is prophesied
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from the results of past developments. Even the transmission of
talking pictures is prophesied. Considering the limitations to available
wavelengths that have been developing, it seems that the most practi-
cal method would be in taking the moving pictures rapidly, trans-
mitting them more slowly, and then reproducing them rapidly.

OPPORTUNITY TO PROMOTE RAPID DEVELOPMENT

Fig. 1 indicates the continual demand for more broadcasting
stations. The number of stations continually increased in the past
except where they were curbed by the Department of Commerce
and later, after that curb had failed, were curbed by the Federal
Radio Commission.

Between the failure of the curb by the Department of Commerce
and the establishment of the Commission there was a decided increase.

Although the curb on increase by the Commission has been in
effect for two years and should be well known, daily attempts are
made to add other broadcasting stations. If that curb was suddenly
removed there might be as many as 3000 applications for stations
within 30 days.

The demand for more broadcasting stations and the desirability
and undesirability of more broadcasting stations can be discussed in
more ways than we have space for. However, I would like to bring
out one point as to how that demand should affect broadcasting.

The demand for more stations may not result in many more
stations, but it may result in continuous and comparatively rapid
improvement of the stations that are permitted to broadcast. In
other words, it may work out that the broadcaster will be required
to make his station as good as possible, or get off the air, and let
somebody on who will make a good station.

If the demand is viewed and acted upon in that light, then we
may expect it to produce better broadcast engineering and better
programs.
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lephony, by R. A. Fessenden

67 Loud Speaker Testing Meth-
ods, by I. Wolff and A.
Ringel

68 Audio Frequency Transfor-
mers, by John M. Thomson

69 Notes on the Testing of
Audio Frequency Transfor-
mers, by Edward T. Dickey

70 The Testing of Audio -Fre-
quency Transformer -Coupled
Amphfiers, by H. Diamond
and J. S. Webb

71 Interference, by R. H. Mar-
riott

72 Broadcast Control Opera-
tion, by Carl Dreher

73 Annual Report of the Federal
Radio Commission
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Physical Review

PROC. I. R. E.

Electrician
(London)

9
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PROC. I. R. E. 15

PROC. I. R. E. 15

PROC. I. R. E. 15

PROC. I. R. E. 15

PROC. I. R. E. 11

PROC. I. R. E. 16

U. S. Govern-
ment Printing
Office
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-..1.--.110,411<em-+

3 1923

1924

Sept.
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1 1921 Feb. 3

1907 Oct. 985

5 1927 May 363

8 1927 Aug. 679

8 1927 Aug. 687

9 1927 Sept. 769

4 1923 Aug. 375

4 1928 Apr. 498

Year ended June 30, 1927

Year ended June 30, 1928
and supplement to Sept
30 1928



Proceedings of the Institute of Radio Engineers
Volume 17, Number 8 August, 1929

Discussion on
RADIO DIRECTION -FINDING BY TRANSMISSION AND RECEPTION

(R. L. Shirrs -ROSE)
Stuart Ballantine:1 Dr. Smith -Rose's use of the reciprocity theorem and

critical discussion of its validity in connection with the "night effect" interested
me very much as I have often had occasion to put it to the same use. As a point
of minor criticism I should like to point out that in the form in which this theorem
was originally given by Sommerfeld2 and in which it has been reproduced in
this paper by Dr. Smith -Rose, it cannot be legitimately applied to direction -
finding systems. Sommerfeld's statement was that if an antenna Al radiated
a certain average power and was received by a second antenna As, the electric
force at the receiving antenna would be the same as it would be if observed at
Al with A2 radiating the same power. J. R. Carson has recently pointed out to
me that this statement is valid only for antennas in free space (e.g., at a consi-
derable distance from all conductors such as the earth) which behave as simple
dipoles. Carson's criticism is just and the correct statement, as given by him,:
is as follows: If an impressed force acts in a branch of an antenna AI and the cur-
rent in a branch of a second receiving system A2 is observed, this current will be
equal to that which would be observed in A1 with an equal impressed force act-
ing in Al. In this form the theorem is applicable to the direction -finder system.
Fortunately, the conclusions of Smith -Rose's paper are not affected by the use
of Sommerfeld's theorem, and are obviously supported by the proper theorem.

This theorem is particularly useful in thinking about direction -finders and
may perhaps be employed to explain some of Dr.Smith-Rose's difficulties with
the obscured minima which he observed with the rotating beacon installation.
According to the reciprocity theorem the signal received on a vertical antenna
from a rotating transmitter coil is precisely the same as that which would be
received by the coil if the vertical antenna were transmitting. From 1917 to 1920
I had the opportunity, while engaged in the development of the rotating coil
radio compass for the U.S. Navy, of studying the latter situation in some detail.
It was discovered that the environs of the coil, refraction at the coastline, cur-
rents on land lines, and so forth, destroyed the simple plane wave from the trans-
mitter And produced at the coil an elliptical rotating field (magnetic). When
you rotate a coil in such a field the signal does not disappear but merely goes to
a minimum. I found that the minimum could be cleared by deriving an e.m.f. of
proper phase from the antenna action of the coil by means of an artificially
proluc3d electrical unbalance of the capacities to ground, and neutralizing the
residual signal by this e.m.f. The device used for this purpose was called a "com-
pensator," and was independently invented in France at about the same time
(1917) by Commandant Rene Mesny. The amount of unbalance required for
perfect compensation was found to vary with the azimuth. It should be remarked
for those who have not had the opportunity of specializing in this subject, that
compensation simply clears the minima of signal and permits accurate bearings
to be taken; it has nothing to do with the elimination of the "deviation" or
azimuthal error of the compass, which is due to the part of the field in phase and
is generally unaffected by compensation. The deviational errors are generally
evaluated by calibration.

 PRoc. I. R. E., 17, 425; March, 1929. Presented before New York meeting of the Institute,February 6, 1929.
Boonton Research Corporation, Boonton, N. J.
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The important point here is that the amount of compensation required for
a perfect minimum varies with azimuth. In the case of an installation on a battle-
ship the variation is considerable, so great in fact that we found it desirable to
actually use an auxiliary antenna for the compensating e.m.f. rather than to de-
pend upon the relatively feeble antenna effect of the coil. In the case of an in-
stallation on flat homogeneous land free of surrounding conductors, the compen-
sation required is not only small but varies little with the azimuth; nevertheless
some variation is generally present in the ordinary land sites.

We may conclude from the reciprocity theorem that if we find it necessary
to have a compensator on a recieving loop which varies with the azimuth, we
must do the same thing when using the loop as a transmitting beacon and receiv-
ing the signals on an ordinary vertical antenna; otherwise the minima will not
be clear at all azimuths. I did not understand from the paper that such arrange-
ments had been made. I wonder if Dr. Hull. had any conversations with Dr.
Smith -Rose on this point.

L. M. Hull:4 Yes, I believe there was a definite attempt to vary the com-
pensation. It was not mentioned in the paper. It was automatic in this sense;
that it was carried out by varying the spacings of the various wires which were
strung up around the loop, to produce an antenna effect which varies with the azi-
muth. Dr. Smith -Rose told me that although he thought the idea was good,
the work had not been carried to a successful conclusion.

Stuart Ballantine: It seems to me that the necessary variation of compen-
sation could be secured by means of some mechanical contrivance, such as a
cam system, similar to those we used with the receiving coils.

It is of course understood that all this relates to ordinary transmission in
the absence of night effects. This is perhaps the most important condition.

A. Hoyt Taylors I take it that the reciprocity theorem was called upon by
the author merely to support his claim that the "night effect" would produce
similar types of errors and of the same order of magnitude by either the trans-
mission by beacon or reception by loop, and I believe that particular conclusion
is unaffected by Mr. Ballantine's criticism, except possibly the magnitude.

Stuart Ballantine: It may also be remarked that the same deviations that
would be observed if the rotating beacon transmitter were used as a receiver
will be present when it is used as a transmitter. This would seem to require
the calibration of the station and publication of the necessary corrections. Ac-
cording to our experience with the fifty or sixty coastal radio compass stations .

which were erected from 1918-1920 by the Navy these deviations (maximum
values) may range from 1-10 deg., depending upon the site.

A. Hoyt Taylor: It is, of course, possible that the British experiments were
nearly always made under conditions as nearly ideal as possible; that they just
failed to reach idealism in the case of the installation of that loop by having a
different radiation resistance in one direction than in the other owing to the
proximity of the water on one side and not on the other. That alone may have
caused small changes which would account for the beacon variation, because
they apparently did not have a master oscillator transmitter. We know from
work we have done that we would have to be extremely careful of coupling with

2 Jahr. der Draht. Tel. and Tel., 26, 93, 1925; Ballantine, Review of Current Literatu-e, PROC.
I. R. E., 16, 513; April, 1928.

 Pnoc. I. R. E., 17 952; June, 1929.
4 Radio Frequency Laboratories, Boonton, N. J.
 Superintendent, Radio Section, Naval Research Laboratory, Bellevue, Anacoetia, D. C.
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any nearby conductors. The question is whether we are dealing with variations
of the transmitter or of the received signal.

I might mention one or two things that occur to me. One is that the thing
which is most difficult to get rid of in the way of direction -finding error is the
so-called "night effect." Personally, I don't like that term at all because it occurs
altogether too frequently in the daytime. I believe I was one of the original dis-
coverers of it, and it is true that I discovered it at night, but it is due to compo-
nents of the wave coming down from the Kennelly -Heaviside layer with hori-
zontal electric polarization. This can occur during the daylight hours also, so I
hope you will get another term for this than "night effect."

It might be well to analyze very briefly the conditions under which we may
expect the "night effect" to occur. For want of a better word, we will continue
to call it "night." Evidently when your incoming radiation arrives at a low angle
with the horizon, the state of polarization will make very little difference in your
compass reading. Suppose a wave is arriving from a horizontal direction; then if
your loop is set squarely across that oncoming signal with a minimum for the
vertical component, the horizontal components will also cancel out. It is only
then when the horizontally polarized component has a velocity in the vertical
direction, which means only when the wave comes in at an angle with the hori-
zontal, that you get this effect.

If we look over the radio -frequency spectrum, we can, I think, draw cer-
tain conclusions as to when we may expect this "night effect," so-called, to be
most aggravated. Without going into the reasons for it, we may say that on
very long -wave reception we have excellent reasons for believing that the major
portion of the energy arrives at relatively small angles with the horizontal. The
angle of "come down" is not very far from the horizontal. According to that,
bearings taken on long -wave transoceanic stations should show relatively small
errors of this type. The fact is that they do show enormously smaller errors
than the same stations will show at moderate distances. At distances of 100 miles
or so, you get this effect at a maximum for long -wave stations, because the ener-
gy which has come down from the layer arrives at a relatively high angle with
the horizontal. Such polarization as exists in the horizontal plane therefore has
a strong component of its velocity in the vertical. Thus we find that the short
distance long -wave stations, as borne out by the curves that were presented
here, have the greatest errors due to this cause. Frequently, complete reversals
or complete rotations of 360 deg. occur, as I myself observed in the winter of
1919, and so reported, incidentally, with the correct analysis of the cause of
this as being due to polarization.

Suppose we go to the other extreme of very high frequency. Supposing we
go up to 20 megacycles. Under every condition that we have been able to analyze
excepting some rather special but not very frequently occurring cases, we find
that 20 -megacycle transmission from a distance also arrives at relatively low
angles, generally 10 to 20 deg. from the horizontal. We might infer from this
that here also would be a region where we might hope to get very good bearings,
but such is not necessarily the case. In the case of very long waves arriving at
a low angle, it is practically impossible for a horizontal polarization to progress
along close to the surface of the earth for any considerable distance without
that horizontally polarized component being completely absorbed, but in the
case of a very short wave it is possible for this component to come a long dis-
tance and actually arrive at our receiver, because the antenna structure is a
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much larger fraction of a wavelength above the earth. So the two extremes of the
spectrum give us under ordinary conditions low angle, good direction -finding,
but at the high end of the spectrum there is still much difficulty from horizontal
polarizations because it can exist and follow along with the wave even when it
is only a few feet above the surface of the earth. Short-wave horizontal polari-
zations are also more readily reflected from the surface of the earth and the water,
and so we have difficulty even with the low -angle stuff on the very high frequen-
cies, though not as much difficulty by any means as we have with the fairly low
frequencies and the fairly high angles.

Another point is as to the minimum distance at which you can get these so-
called "night effects." I don't agree with the paper as to this minimum distance.
It cannot be stated definitely because it is quite evidently a function of the normal
range of the ground wave to the station, and that in turn is a very decided func-
tion of the frequency on account of the variable absorption of the ground wave;
so that that is a matter depending entirely upon the frequency of the transmis-
sion and varying according to more or less well-known laws. We can say in ge-
neral that the "night effect" will be small when we are within the normal ground
wave range of the station and the ground wave predominates against the sky
wave, and we get fairly good minima, with blurrings of the minima here and there
due to a little sky wave.

I do not agree with Dr. Smith -Rose's statement that in the broadcast band
large errors are seldom noticed at the distance mentioned in his paper, because
I have personally observed variations as high as 30 deg. On a well compensated
loop f unctianing on WRC in Washington at a distance of less than six miles,
they don't occur very often, but we do occasionally during the dark hours get
large deviations of apparent direction with a simple loop. I imagine those
conditions vary a good deal in different parts of the world.

There is one thing I would like to bring out a little more fully than Dr.
Hull did, in regard to the Adcock system. The Adcock system is as much less
sensitive in pick-up, roughly speaking, than the ordinary loop, as the loop it-
self is than the ordinary antenna; in other words, it is a differential on the sig-
nal from two dipoles, or two doublets, as we call them nowadays, which would
perfect'y neutralize each other, except that the vertical component of polari-
zation has a phase difference from one direction to the other, and it is only by
virtue of that difference in phase-a geographical phase difference if you please-
that we get any signal at all. It means, therefore, that to get the best results on
the Adcock system we shall have to do exactly what we did in the old days,
which I am sure Mr. Ballantine will well remember, when we tried to adapt or-
dinary receivers, such as had been giving good service on vertical antennas, to
loop reception. We had to have recourse to various expedients, such as oscil-
lating receivers on spark reception with a horribly bad note, in order to make
them sensitive enough to function on a loop. Radio receivers-thanks to ampli-
fication, and so forth-have been tremendously improved so that ordinary loops,
even in aeroplanes, are capable of giving us really tremendous signal strengths,
but it looks now as though again we shall have to go very much further in re-
ceiver sensitivity in order to get the best possible results with the Adcock sys-
tem. The system itself is, in my opinion, decidedly the beat thing there is for
eliminating the horizontal component of polarization and permitting a bearing
on the vertical components alone.

Dr. Hull pointed out that there was difficulty in attaining the requisite
sensitiveness on the very long waves. For the intermediate band of frequencies
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he stated that they had carried out a great many experiments, probably because
they were able to use the superheterodyne principle or something of that sort,
to obtain a very high degree of amplification.

One place where we need this Adcock system more than anywhere else
is in the high -frequency band. Unfortunately, receiver design is somewhat
up in the air today as to just what we shall do to get the necessary multiplica-
tion of ten or one -hundred fold in sensitivity, which you ought to have to get
first-class results with the Adcock system in the very high -frequency band. It
is a problem that radio engineers ought to be thinking about. Because you have
high -frequency receivers which will pick up all kinds of disturbances, like auto-
mobiles and aeroplanes at several miles' distance, doesn't mean you have enough
yet to give us the best we need for this type of directional work. You must re-
member that the sensitivity of such a proposed receiver would be low to dis-
turbances as to actual signals, so that the signal ratio would not be unduly in-
creased by the higher sensitivity over what we have in the higher frequency
receivers today.

There is one other matter upon which I believe I differ a little from the
author. He refers in one place to the proposition that it is quite generally
believed that radio energy mostly travels along a great circle connecting the
transmitter with the receiver. Well, I think it is generally conceded for almost
the entire radio spectrum that most of the energy does travel along a great cir-
cle distance connecting the transmitter with the receiver, but certain scattering
effects are being observed these days. Certainly what we know of the Kennelly -
Heaviside layer and its perturbations would indicate the extreme likelihood of
lateral deviations of the sky wave which will permit them to come in from really
different directions than the true bearing or great circle bearing of the transmit-
ter, so that instead of stating, as the author does, that deviation from the true
great circle bearing is not to be worried about until we get above 6000 kc, I
would be rather fearful that it might have a considerable influence on conditions
even at 1000 kc. I have an idea that the choice of system, in this country at
least, is going to work out with the preference for ship navigation in favor of
having the compass on board the ship, but for commercial air navigation it is
probably going the other way, with a preference in favor of the beacon system
because of the simplified radio gear which the aeroplane can carry under those
conditions. I believe, however, that it will be a long time before our standard
coastal station installations will be abandoned. They will probably be used for
many years to come.

There is one point that I would like to see discussed further. When I did
that work in the Navy back in 1919 on so-called "night errors," we concluded
that the region of 375 kc was about ideally located for radio compass work be-
cause at the normal ranges where you would be called upon to take compass
bearings, between 100 and 200 miles, the sky wave effect is not very large com-
pared with the ground wave effect, and so fairly good bearings are generally
possible. We actually examined continuous wave transmission down to 900
meters and we found even on continuous waves less error from horizontal polari-
zation on that wave than we did on much longer waves. Practically all of the ex-
periments made by the Navy and by the Army showed a much larger error on
CW transmissions than they did on spark transmissions, and we attributed that
to the breaking up of phase relations and the failure of the phase angles and
polarization angles to hold definite sequence so as to form a definite pattern at
the loop. What the so-called "night effect" would do with the spark signal was
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merely to blur the minimum, but not distort it enough as in the case of CW where
you could have definite patterns produced with sequence of phase. That con-
clusion was confirmed by some of the earlier English work, I believe, where they
made some comparisons between ICW and CW, but I note that Dr. Smith -Rose
says that there is no practical difference between bearings as obtained by con-
tinuous wave and by interrupted wave. That statement seemed so contrary
to what we actually obtained in practical tests, and to the earlier general opinion
on that subject, that I should like to be further informed about that. Perhaps
Dr. Hull had some conversation about that with Dr. Smith -Rose.

L. M. Hull: I have nothing further on that point, except that I can state
that this view was very definitely corroborated by Dr. Smith -Rose's answer to
a question which I asked him on that point.

A. Hoyt Taylor: I think that was very curious because we did quite a lot
of work on spark signals as compared with CW and we thought we observed a
very definite difference between the two and the Army's work by Kinsley up at
Houlton, Maine, on the spark signals used in Europe or on Arlington signals-
the old spark signals with which you set time with the 100 -kw spark set- gave
the same result, and also some work that the Army did down on the Mexican
border on Mexican stations that they were observing down there in the 5000 -
meter band gave similar results. So that it doesn't seem quite logical to me that
there should be no difference at all between the two methods. I should expect
the ICW signals, where the phase relationship was interrupted from time to
time, to show quite a difference. I wouldn't expect much difference on modulated
CW but on isolated or interrupted CW, I would expect it.

Lester Jones:6 With respect to directional variations with radiation on
spark signals and ICW signals, I have the impression that a probable partial
explanation for it is the following: Where observations were made on spark sig-
nals the receivers had to be adjusted to a lesser degree of sensitivity because the
spark transmitters generally put out more energy than the ICW transmitters.
Where the receiver is more sensitive, as with ICW there is more possibility of
having variable feedback between receiver and loop. This would give rise to a
variation of sensitivity in the receiver and would introduce a slight error which -
would be variable depending upon the position of the operator's body and the
exact amount of regeneration used in the receiver. I would give a little more
shift to the ICW system than to the spark system.

In one of the tests I made, care was taken to eliminate all traces of re-
action from the receiver to the loop, which completely eliminated the possi-
bility of this secondary error. This showed that there was no difference between
spark and ICW direction shifts. I remember in the beginning of our tests it
was very easy to get a secondary error on account of residual feedback from the
rotating loop.

A. Hoyt Taylor: I didn't mean to state that there was a difference between
ICW and spark but rather between ICW and pure CW.

Stuart Ballantine: We made some experiments during 1919, independent-
ly of those of Dr. Taylor, which were intended to compare the reliability of
CW and "spark" signals for direction -finding purposes at 800 meters. Our
results agree in general with the experience cited by Dr. Taylor, in that the aver-
age variations with spark signals (500 -cycle quenched gap transmitters) were
nearly always less than those observed with CW signals. The observations were

 Technidyne Corporation, New York, N. Y.
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made at the radio compass laboratories at Philadelphia Navy Yard, and at
Germantown, Pa., and at the radio compass stations at Cape May, Cape Henlo-
pen, and Bethany Beach. These comprised bearings taken on various transmit-
ters (800 -meter) within a range of 5 to 200 miles. A typical set of results for
spark signals were reproduced in my article, "The Radio Compass"7. The devia-
tions for spark signals ranged from 4 to 5 deg.; under the same conditions the
arc signals varied by twice this amount. I have always thought that this differ-
ence was to be attributed to the homogeneity of the CW signals on the one hand,
and to the fortuitous character of the spark as a radio -frequency time event,
on the other. A simple calculation shows, moreover, that for the heights of
the reflecting layer usually considered probable and at moderate distances (100
miles) the refracted signal may easily fall in between direct signals from a 500 -
cycle transmitter sparking twice per cycle. The change in musical quality accom-
panying this has often been observed. The studies of Bown, Martin, and Potter
on isochronous fading with modulated CW signals are of interest in connection
with this subject.

H. E. Hallborg:$ I am very much interested in the Adcock system, par-
ticularly in view of its applicability to short-wave direction -finding. The satis-
factory solution of the problem of direction -finding in the wave band of 50 to
200 meters is of particular importance to the air mobile service. It is my impres-
sion that the Adcock System should be particularly useful in this wave band.

Dr. Taylor has pointed out, in the previous discussion, that one of the limi-
tations of the system is its relatively low pick-up, necessitating high amplifica-
tion. Fortunately, this natural limitation obtaining at wavelengths of the order
of 850 to 950 meters progressively diminishes as the wavelength of operation
is shortened to the 50 -to 200 -meter band. Consequently the available antenan
exposure progressively becomes a larger fraction of a wavelength. The pick-up
effectiveness of the system at short wavelengths is thereby automatically im-
proved.

The above is a superficial analysis of the possibilities of the system for short-
wave direction -finding. I would like to hear a further discussion by either Dr.
Hull or Dr. Taylor as to whether the accuracy of the system on wavelengths of
say 100 meters might be expected to be as good as that shown by the system on
longer wavelengths.

L. M. Hull: With regard further to the sensitivity of the Adcock receiver,
the small, portable, rotating model, of which a picture is shown in the paper, was
first designed by Mr. Barfield, I believe, with the idea of using it for taking bear-
ings on broadcast wavelengths. It was provided with a double detection receiver
which was as sensitive as could be conveniently fitted to it at the time, and the
sensitivity of that particular receiver was found to be inadequate for the pur-
pose. So making a virtue of necessity this particular unit was used in an inves-
tigation of lateral deviations at frequencies on the order of 7 or 8 megacycles.

I had the opportunity one afternoon of observing with a similar model
the bearings on a German station which was transmitting at about 40 meters
throughout the course of the afternoon. I had been told previously that the
model had been perfectly compensated, so that there was no appreciable response
to horizontal components, and consequently any deviation in the bearing would
probably be attributed to true lateral deviation of the waves. In this particular

Yearbook of Wireless Telegraphy and Telephony, London, 1921.
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case I observed a continuous deviation of the bearings, varying by the minute,
through a maximum arc on the order of 7 or 8 degrees on this 40 -meter transmis-
sion from a station at a distance of the order of 400 miles.

Of course, that question of sensitivity is a very important one, but in view
of the fact that the technique of receiver design has advanced so by leaps and
bounds in the last few years in this country, I believe that it is perfectly feasible
to design and use special receivers even with portable Adcock direction -finders of
this type, at the longer or intermediate wavelengths.

With regard to the reliability of the receiver, I don't exactly know what you
mean. It is, of course, very difficult, particularly at the high -frequency ends of
the spectrum, to say definitely that you have perfect compensation of the horizon-
tal limbs. In the case of an Adcock receiver designed for reception at 400 meters
or at lower frequencies, the observation of bearings, which are constant to the
extent indicated on the curves shown in the paper, would immediately present
evidence that the receiver was properly balanced. But so far as I know, it is in
general impossible to obtain such constancy of bearings with the Adcock receiver
on short-wave stations. It is simply necessary by independent measurements to
assure yourself that the horizontal limbs of the collector have been balanced as
perfectly as possible, and then to attribute what deviations you may observe
to lateral deviations of the wave, which may of course possibly be refracting
effects in the ground waves in cases where the deflected wave is not important,
or which may be actually oblique deflections of the downcoming waves at con-
siderable distance.

Stuart Ballantine: Did they balance that system with respect to ground cur-
rents?

L. M. Hull: In the model which I saw operating, the effects of ground cur-
rents were minimized by setting it as high off the ground as possible.

A. Hoyt Taylor: The theory of the system requires that the waves re-
flected up from the ground shall not introduce errors.

I might say that one way of carrying out your compensation on sufficiently
high frequencies, that is, frequencies above 6000 kc, would be to set up a trans-
mitter a few miles away so that you could get a ground wave of some little
strength but have your sky wave skip over it. Compensate it then for a true
vertically polarised ground wave. You could probably check your compensation
pretty well. There is no doubt but that the compensation on the higher fre-
quencies is extraordinarily difficult to keep in order.

As to the question asked by Mr. Hallborg concerning aeroplane bearings, if
he will ask me that question a month later, I may be able to give him some infor-
mation.

S. W. Deane: Mr. Chairman, Mr. Smith -Rose and his associates of the
Radio Research Board have done a great deal of very fundamental work on prob-
lems of the nature of those discussed in the paper, and also on those which involve
the propagation of radio waves from a different point of view; that is, from the
point of view of variations of signal strength, rather than of bearing. In this
connection, Hollingsworth has shown that as you proceed from a long -wave
transmitting station in a given direction, the signal strength passes through a
series of maxima and minima of decreasing amplitude. This was observed at
distances up to a few hundred miles.

Some of these results seem to be somewhat in disagreement with results oh-
o American Telephone and Telegraph Co., New York, N. Y.
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tained in this country. This disagreement was mentioned by Dr. Austin in his
"Report of the Chairman of the Commission on Radio Wave Propagation, Inter-
national Union of Scientific Radio Telegraphy.

I should like to mention a few examples of the difference between results
in England and in America, which have come to my personal attention. In
one case a portable field strength measuring set was taken on a truck from the
vicinity of Long Island up to the northern part of Maine, and observations were
made at fairly frequent intervals on transmission from Rocky Point, Long Island
using a frequency of 60 kc. The decrease in signal strength as the distance was
increased followed a smooth curve closely approximated by the usual type of
transmission formula, with no trace of maxima and minima. On the contrary
the results obtained in England under similar conditions showed maxima and
minima.

One suggestion I would like to make as a possible explanation of this is the
difference in the conductivity of the ground in this country and in England.
We have quite a number of evidences of that difference. One was mentioned in
the paper which Dr. Bailey recently presented here on "The Receiving System
for Long -Wave Transatlantic Radio Telephony."" This is that wave -antennas
constructed in the United States have considerably greater output than those
built in England, due to the greater wave tilt in this country. This was attributed
to the difference in ground conductivity.

Another evidence (of minor nature) is that in some of the work which we
have done in America on long -wave direction -finding, we found considerable
errors in the measurement of both direction and field strength caused by under-
ground wires and pipes near the receiving antenna. These errors in direction
amounted to 5 or 6 deg. on the European stations, while the errors in field strength
amounted to practically 2 to 1 in some cases. While in England I had occasion
to look for such errors in a similar set-up of a field strength measuring set with
loop antenna, and although there were fully as many buried wires, cables, and
pipes, in this case the errors were practically negligible both in direction and in
field strength. The apparatus was tested for such errors by comparing the re-
sults obtained with fixed measuring sets at stations where there were wires,
cables, and pipes under the ground, with measurements made with portable
sets in the open country which were not subject to such conditions. It occurs to
me that the reason for this difference in results in the two countries may also
be due to the difference in conductivity of the ground; that is, the ground being
so much more conducting in England shields the buried pipes and cables much
better than does the poorly conducting soil in this country. I cannot offer an
exact explanation of why that difference in ground conductivity should cause
the Radio Research Board in England to observe maxima and minima of sig-
nal strength as they progress away from a transmitting station, but the conduc-
tivity seems to be the only factor which is definitely known to be different in
the two countries.

One or two other experiences which I had while working in co-operation
with the engineers of the British General Post Office may shed some light on
this question.

At the Post Office Radio Statiori at Cupar, Scotland, we observed daily for
a period of about three months the signal from Rugby, England on 16 kc, at
a distance of about 400 miles. Apparently we were located at a point where

" PROC. I. R. E., 16, 348; March, 1928.
11 A. Bailey, 8. W. Dean, and W. T. Wintringham, PROC. I. R. E., 16, 1645; December, 1928.
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(in the summer daytime) one of these minima existed. The calculated field
strength of the station was about 8,000 sv per meter, as I remember it, but the
daytime values were very irregular and averaged about 400 sv per meter, the
bearings being very indefinite and sometimes more nearly at right angles to the
true direction than in the true direction. At sunset, however, the field strength
began to rise rapidly, and shortly after sunset reached its calculated value and
sometimes exceeded it. We had there very concrete evidence of the existence
of a standing wave pattern on the surface of the earth, as has been described
by Hollingsworth of the Radio Research Board.

Another, and even more striking example of such a condition, occurred one
night when we were observing the same transmitting station, Rugby, but this
time on 60 kc, as received on two wave antennas approximately 2 miles apart.
During the course of the evening the relative strength of the signals on these
two antennas varied greatly. At one time, to the great surprise of everybody
present, the signal practically disappeared on one of the antennas while being
received at considerable strength on the other antenna 2 miles away. I would
hesitate to make such a statement except for the fact that there were two other
observers present at the time.

I mention these things to emphasize that there is a very real difference be-
tween radio transmission phenomena in this country and in England. While
interference effects and standing wave phenomena have often been observed
in this country on broadcasting frequencies, such effects have not been observed
at frequencies below 100 Ice, to my knowledge, to as great an extent as has been
reported by the English observers.

William C. Bohn:12 I should like to ask if you have ever experienced an
improvement in the minimum obtained on a loop when the vertical axis of the
loop was tilted.

A. Hoyt Taylor: That can be done under certain conditions, but it is not
a general cure for the situation.

L. M. Hull: With regard to the establishing of a standing wave pattern
between the earth and the reflecting layer, it might be worth mentioning that
such a pattern is made use of in one of the standard methods of determining
the height of the layer by Prof. Appleton. One of his methods consists of mak-
ing observations on a vertical antenna at a receiving station during "night errors"
and observing the occurrence of maxima and minima as the frequency of the
transmitter is continuously varied.

George R. Putnam" (by letter): This paper gives a summary of the inter-
esting investigations carried on in England, during recent years, by Dr. Smith -
Rose, and of other available information, in the field of radio direction -finding.

The subject is of especial interest in the United States, where there has been
the most extensive development of a radio beacon system; the Lighthouse Ser-
vice now has in commission 61 of these signals with 14 under construction. Since
the first successful signals were established in 1921 near New York, this method
of navigation has come into wide use; with the radio compass (or radio direction -
finder) on shipboard, it successfully meets a most urgent need of the navigator,
giving him the means of taking accurate bearings on invisible signals at great
distances. There was never doubt of its universal use in marine navigation, so
soon as some practical difficulties were removed, and its possibilities became
known.

If American Telephone and Telegraph Company, New York, N Y.
U Bureau of Lighthouses, Washington, D. C.



1450 Disoussion on Smith -Rose Paper

Dr. Smith -Rose describes and discusses a system of navigation by bearings
from a "rotating beacon." He compares its advantages with the above -mentioned
radio beacon and radio compass system. But it is not a comparable system, and
does not fill the same purposes, as the following parallel comparison shows:

Radio compass located on shipboard Radio on shipboard, with bearings
with radio beacons at lighthouses from a "rotating beacon" on

and on lightships. shore.

1. A universal system; bearings A limited system, bearings may be
available on any radio signal from obtained only from these particular
shore or ship, throughout the world. land stations.

2. Radio compass is a general navi- Navigator is wholly dependent on a
gational instrument, which the navi- system operated on shore, beyond his
gator can readily use himself, and the control; each station may be affected
possibilities and reliability of which he by peculiarities of personnel and loca-
can become accustomed to. tion.

3. Of the utmost value in aiding Not available for rescue purposes.
ships in distress (for example, it made
possible rescue of crew of FLORIDA,
Jan. 23, 1929).

4. Of value to vessels approaching Cannot be used between ships.
each other, in avoiding collision; al-
ready thus being used.

5. Radio beacon may be placed on "Rotating beacon" is not workable
offiying lightships (and these are excepting on land; cannot be placed on
usually the most valuable stations). a ship.

6. Accuracy sufficient for uses of Accuracy is not greater.
navigation; with proper precautions
and use, the reliability of the radio
compass on shipboard is now superior
to that on shore.

7. Radio beacons can readily be "Rotating beacon" can be located
placed at any lighthouse, or any light- only on land, or on a fixed foundation.
ship.

8. Cost of installation of a radio Cost not given, but evidently not
beacon is somewhat less than that of a less than for a radio beacon, and prob-
good sound -producing fog signal, while ably more.
it effectively covers an area 200 times
as large. Operation adds little to the
cost of a lighthouse or lightship.

9. Cost of radio compass on a The additional cost is only small, for
vessel is not great in proportion to the a vessel equipped with radio.
universal service given by it, and is
becoming less. There is no doubt but
that inexpensive radio compasses will
be available for small craft, and will
be valuable even if less accurate.

10. The radio compass on shipboard The "rotating beacon" would pro -
is now indispensable on all properly vide simply an additional check for
equipped vessels of any size. vessels which must carry a radio com-

pass.
11. This system is already estab- No "rotating beacon" is in commis-

lished and in wide use. sion.

Some of the conclusions reached by Dr. Smith -Rose are based on practice
different from ours. In this country the radio compass, from the first, has been
installed on the bridge or in the pilot house of a vessel, often so located that
the bearing may be read directly on the magnetic compass or a gyro -repeater,
thus quite eliminating the principal source of error which he describes at length,
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resulting from the bearing being taken by the radio operator in the radio room.
Here the radio bearings are taken directly by the navigator or under his super-
vision; besides other obvious advantages, the accuracy and reliability of radio
bearings taken on shipboard are now believed to be superior to those taken at
a shore station by personnel who are less expert in regard to navigation, and
who have not the responsibility for, or the means of judging of their correctness.

The radio beacon can always be placed at an existing lighthouse or light-
ship, for these are the points of strategic importance to navigation which call
for radio beacons.

It is evident that with the present state of the use of radio in navigation,
ships must be equipped with a general means of obtaining radio bearings from
the ship; there is only one general system available for this purpose, and so far
as present knowledge goes none other appears to be possible. There can be no
economy in any other system as it will not meet the need, and will not obviate
the necessity for the radio compass on shipboard.

The above comment bears on the part of this paper wherein Dr. Smith -Rose
departs somewhat from his field of research, and touches on navigational appli-
cations and lighthouse service economics, perhaps without realizing that several
thousand of the principal ships of all countries are now daily using the radio
compass on shipboard with satisfaction and success, and that there are well over
one hundred radio beacons in operation, maintained by lighthouse services
of the maritime nations at lighthouses and on lightships, and that these sig-
nals are now depended upon by the navigators perhaps more implicitly than any
other; they are undoubtedly the most important aids to navigation.

The research results given by Dr. Smith -Rose are of the greatest interest
and importance, and prove the value of the work planned by the Radio Re-
search Board of England. Some of the results given in this paper are confirmed
by the seven years'experience in this country in operating a radio beacon system,
and by the reports received from vessels; as to other conclusions there is some
divergence. As he states, the so-called night effect has not been found a serious
hindrance in the use of radio bearings in navigation, under the conditions as
applied here; the uncertainties on this account are not systematic, and increased
accuracy can readily be obtained by repeated bearings.

The type of radio wave transmission, and the fog or other weather condi-
tions, have not been found to have any influence on the direction of a radio
bearing.

Experience here has shown no cases of error due to bearings crossing the
shore line, or running parallel to the coast, and this has been confirmed by a con-
siderable number of bearings taken from vessels on the Great Lakes, over land
and water. The so-called land -effect is considered to be negligible in the radio
bearing practice used here for navigation, and there appears to be no necessity
for warnings as to "arcs of good bearings." Also in the system here developed
of placing the principal radio beacons on lightships, or outstanding points on
the coast, there is little occasion to use radio bearings which pass over the land.

The accuracy of 1 deg. ascribed to land direction -finding stations applies
in our experience to the radio bearings taken from ships under good conditions.

I was much interested a coulpe of years ago in observing the experimental
work which Dr. Smith -Rose was kind enough to show me. The "rotating beacon"
may very likely have valuable applications, either for special localities, or spe-
cial navigational needs, but it appears important to keep clearly in mind the
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requirements of radio bearings for general marine navigation, which can be met
only by a truly general system.

J. C. Schelleng" (by letter): In the paper the author mentions that reser-
vations are necessary in the application of the reciprocal theorem to actual radio
transmission. In his generalization of the reciprocal theorem, Carson" pointed
out that it appears necessary that the currents in the system be linear functions
of the potential gradients involved.

These conditions are not strictly satisfied in the case of transmission through
media such as the ionized upper atmosphere for two reasons.

(1) Motion of the ions across the magnetic field of the wave itself
produces a small additional motion in the direction of propagation. This
motion is such a function of the wave amplitude that it can be neglected
for the small amplitudes used in practice. With this reservation the
reciprocal theorem is probably, valid in such cases.

(2) A real failure of reciprocity occurs when a constant magnetic
field, such as that of the earth, is considered. The lack of reciprocity in
this case has been recognized by several writers. A simple example is the
following. An ionized medium containing the points A and B has a magne-
tic field in the direction AB. Perpendicular to this line at A and B are
two linear antennas, A is vertical but B is rotated 45 deg. from the vertical.
The distance AB is chosen so that when A is energized, the plane of polari-
zation of the resulting wave, in passing from A to B also rotates 45 deg.,
resulting in a maximum signal in B. In this case the wave has been travel-
ling in the direction of the magnetic field. When, however, B is the trans-
mitter and A the receiver, the plane of polarization, instead of rotating
back to a position parallel to A, rotates an additional 45 deg. in the same
direction as before and at A is perpendicular to the antenna. The current
in A is therefore zero. The reciprocal relation therefore fails.

For the phenomena to have been reversible would have required a reversal
of the magnetic field at the same time as the change in direction of propagation.
While proof is lacking, it seems not unlikely that this relation holds in more
general cases than the special one given; that is, that in general reversibility is
obtained in transmission through such media providing that all externally ap-
plied magnetic fields are reversed with the direction of propagation.

That such considerations have a great deal to do with directional errors is,
of course, well appreciated by Mr. Smith -Rose. It may be of interest to consider
the question in some detail. Neglecting errors due to departure from the great
circle path, though such departures certainly exist, at any rate for short waves,
deviations in apparent bearing are due to the existence of a horizontal component
in the downcoming electric field, which in turn is due to the earth's magnetic
field. If the direction of this magnetic field could be reversed, the direction of
the disturbing electric component would be reversed and with it the sign of the
directional error.

In Fig. 1, A and B are two geographical locations, viewed as on a map.
The arrow on the line AB indicates the direction of propagation. The arrow D
gives the apparent direction indicated by a loop receiver or transmitter at the
point shown. V indicates the use of a vertical transmitting or receiving aerial.
H is the magnetic field, assumed horizontal. The shape of the path from A to B
is assumed symmetrical with respect to the mid -point.

Fig. 2 indicates that if the magnetic field could be reversed, the directional
error would also be reversed.

Bell Telephone Laboratoriee, New York City.
1, Bell ,Sys. Tech. Jour., July, 1924
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Fig. 3 is obtained from Fig. 2 by rotating the system of Fig. 2 by 180 deg.
about a vertical axis. Such rotation assumes that AB is small enough so that
conditions along the path are uniform in regard to ionization, etc. Comparison of
Figs. 1 and 3 indicates that under otherwise identical conditions a loop receiver at
A indicates a directional error the sign of which is opposite to that observed in
the same way at B.

Fig. 4 is obtained from Fig. 1 by assuming both the magnetic field and the
direction of propagation to be reversed. Fig. 5 is obtained from Fig. 4 by rotating
the entire system as before.

Comparing Fig. 1 and Fig. .5, the apparent directions in the two systems
(loop receiver and loop transmitter) are seen to be the same as long as the
wave always moves from A to B.

Fig. 1 Fig. 2 Fig. 3 Fig. 4 Fig. 5

Comparing Fig. 3 and Fig. 5 the errors are opposite in sign if the directions
of propagation are opposite in the two systems. This case applies to the state-
ment at the end of Sec. 4 of the paper. It would therefore appear at least for
a horizontal magnetic field, that regardless of the disposition of the apparatus the
errors are the same as long as the directions of propagation are the same. It should
be repeated, however, that this assumes uniform conditions along the path. The
statement also requires some modification if the path is not short compared to
the radius of the earth.

If, 813 seems likely, the present assumptions are correct in general, and if
readings in the two directions could be taken closely enough together, equal
errors of opposite sign would be obtained merely by reversing the direction of
propagation through the same terminal apparatus. An average of the apparent
directions in the two cases would therefore be free of error produced by rotation
of the plane of polarization.

When the directional errors fluctuate and are positive as often as negative,
either the difference in the lengths of the paths of the overhead and the ground
wave must vary at random between limits of a wavelength or more, or else
the plane of polarization of the overhead wave must vary in general through a
range of at least one revolution. Fig. 14 of the paper would appear to represent
such conditions. Incidentally this experiment did not afford a test of the in-
stantaneous reversibility of the system, since conditions were fluctuating too
rapidly during the ten-minute intervals which were used. It appears from the
above considerations that thesystem isnot reversible. Reversibility of the average
bearings seems to have been obtained in this experiment and may indeed repre-
sent the usual conditions. A state of affairs can be imagined, however, in which
the atmospheric wave would be so steady that a more or less constant non -
reciprocal atmospheric error would be introduced.

Incidentally this term "atmospheric error" may in some ways be preferable
to "night error." It is non -committal as to the exact mechanism (rotation or
actual deviation from the path), except that it is due to a wave returned by the
upper atmosphere. It can be used without explanation when such effects occur
in the daytime, as they do for short waves.
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Discussion on
RECENT DEVELOPMENTS IN SUPERHETERODYNE RECEIVERS

(G. L. BEERS AND W. L. CARLSON)
(Communicated)

Frederick K. Vreeland This paper is of especial interest to me because the
apparatus described employs a band selector, used as an interstage coupling in
an amplifier, as set forth in my paper presented to the Institute January 9, 1928.
In the present case the band selectors are employed in the intermediate -fre-
quency amplifier, and they are of the form which employs a mutual inductive
coupling between the selector elements, instead of the form that has a bridging
inductance coil, which is usually preferable.

This raises a question of practical interest as to the relative merits of selec-
tivity in the intermediate -frequency as against radio -frequency selection. In the
apparatus described the radio -frequency selection is of the broad resonance type.

It is usually considered that intermediate -frequency selection is the more
selective, since the absolute frequency difference between two waves to be
selected is the same in either case, while the relative separation, expressed as a
fraction of the frequency, is larger at the intermediate frequency, since this
frequency is lower. The figure of merit of a selector is naturally a function of the
relative separation, rather than the absolute frequency difference.

The curves given in the paper do not, however, fulfill this expectation,
especially when it is realized that eight tuned circuits are employed. The overall
frequency characteristic, Fig. 15, lacks the substantially rectangular form, with
flat top and sharp cut-off, that characterizes band selection at its best, and the
effect of this on the fidelity curve appears in Fig. 16, which shows the 5,000 -cycle
component reduced to 30 per cent of the normal and the 10,000 -cycle component
practically out.

It would seem that this result can be traced to two causes: first, the inter-
mediate -frequency selectors, and secondly, the resonant radio -frequency cir-
cuits.

Referring to the frequency characteristic of the intermediate -frequency
selector, Fig. 7, it will be noted that the curve has a rounded top and sloping
sides, instead of the flat, or even hollow top and sharp cut-off of a good radio -
frequency band selector. Two factors, and perhaps others, contribute to this
result. First, the large relative width of the band increases the difficulty of de-
sign, a twenty-kc band having a relative width, in this case, of 11 per cent of the
carrier frequency, which is 180 kc, as against 3.3 per cent with a 600-kc carrier
or 1.33 per cent at 1500 kc, when radio -frequency selection is used. Secondly, a
low -frequency circuit has a larger power factor than a high -frequency circuit,
for a given amount of space and material. These two factors increase the diffi-
culty of design of selective circuits at the lower frequencies employed in super-
heterodyne amplifiers. But this difficulty is not prohibitive. It is quite feasible
to make an efficient intermediate -frequency selector with good band form, but it
requires more material, more space, and more elaborate construction than the
corresponding radio -frequency band selector.

A second cause of the rounded and sloping characteristic may be found in
the radio -frequency circuits, which appear from the description to be not band

 Presented at New York meeting of the Institute, March 6, 1929. PROC. I. R. E. 17, 501;
March, 1929.

t Vreeland Laboratories, 90 West St., New York, N. Y. Discussion received April 9, 1929.
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selectors but broadly resonant circuits, as shown in Figs. 3 and 4. A marked
improvement in both fidelity and selectivity could be secured by using more
sharply resonant circuits and spacing them in the frequency scale, making a
spaced band amplifier of the type described in the above -mentioned paper, or
by the use of a single band selector in place of the two broadly tuned circuits. A
band selector with a flat radio -frequency amplifier is a very effective combi-
nation.

There are also certain disadvantages in the inductively coupled form of
band selector here used in the intermediate -frequency circuit. An important
feature of the band selector with a bridging coil is that the band width may be
varied at will by changing the inductance of the bridging coil. Thus a receiver
may be converted, by a touch on a switch, from a full band selector, giving
highest fidelity, to a narrow band or even a sharply peaked selector, when this is
desired to cut through interference that overlaps the modulation band of the
signal. This result is useful when extremely long distance reception is desired,
since distant signals rarely have good quality because of ground noise and
selective fading, and the band switch restores in a moment all the advantages
of full band reception for nearer stations.

The "automatic volume control" is another feature that is analogous in
certain respects to a system that has been developed and carefully studied in my
laboratory for some time. I prefer the term "automatic governor" for our system
because of the obvious analogy to the governor of a steam engine or turbine.

There are several features that we have found useful which differ from the
arrangement shown in the paper. One of these is deriving the governing e.m.f.
from the audio -frequency output, rather than from the radio carrier frequency.
This has several advantages. First, it keeps the output level constant regardless
of the degree of modulation, since the thing governed controls directly the
governing function. Another feature that cooperates with this is designing the
apparatus for quick response and slow recovery, so that changes in the dynamic
of music or voice are rendered with their true relative strengths. This also re-
moves the difficulty in tuning referred to in the paper, since the gain remains
substantially constant for a sufficient time to tune accurately by ear without a
separate indicator. The speed of recovery may be given any desired value, or
changed at will. The slow recovery does not affect the speed of response to a
suddenly applied signal, which is practically instantaneous. A large antenna
suddenly switched on produces hardly a flicker in the output derived from a
powerful signal.

A second avantage in operating on the audio -frequency output is that a
much larger governing e.m.f. is available. The full e.m.f. applied to the loud
speaker may be employed, or stepped up still higher by a transformer without
the use of extra amplifiers. The scope of effective governing is thus enormously
increased. An applied signal strength of 100,000pv or more is readily handled, as
against 900pv, the largest value shown in Fig. 13.

This has the further advantage of permitting the governor to operate
directly on the anode supply of the tubes, leaving the bias constant at its normal
value and so avoiding the distortion that results from an excessive increase in
the amplifier bias. This distortion due to bias control unfortunately occurs on
the stronger signals, which are the ones most in demand for good tone quality.
The most faithful reproduction occurs on the weaker signals, which are usually
no good anyway. By governing the anode supply directly complete fidelity is
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obtained when the governor is operating to the limit on the most powerful
signals, as well as on weaker ones, down to the limit of sensitivity of the receiver.
Besides giving high and uniform fidelity, this method of governing makes a
"sensitivity control" and a "resonance indicator" wholly unnecessary, thus greatly
simplifying the manipulation. The operation is wholly automatic.

Operation of a receiver is still further simplified by another feature that I
hope soon to be permitted to present to the Institute at length; that is, a remote
control system for operating the station selector from a distance. This is
naturally combined with the band selector and the automatic governor, and
when so used permits the receiving set to be fully operated by a simple and
inconspicuous control box, or by any one of several such boxes in different loca-
tions, using either a manual tuning adjustment or push buttons controlling
individual stations. This reduces receiver operation to the minimum of sim-
plicity and permits the receiver to be located in a closet, with only the loud
speaker and control box in evidence, thus eliminating all cumbersome furniture.
It is mentioned now as the logical sequel to the band receiver and the automatic
governor.

G. L. Beers t: Coupled circuits have been used commercially for several
years in superheterodyne receivers to improve their selectivity and fidelity
characteristics. There is a decided advantage in having the intermediate -
frequency circuits determine the selectivity of a superheterodyne receiver as by
so doing the selectivity of the receiver can be made very uniform throughout the
broadcast range. This of course is not the case with a tuned radio -frequency
band selector, as in the best receivers of this type the band width varies three
to one from one end of the broadcast range to the other. This rather serious
limitation of tuned radio -frequency band selector receivers was explained in
detail in the printed discussions of Dr. Vreeland's paper.

In a commercial receiver manufactured in large'quantities like the one from
which the data for the curve in Fig. 7 was taken, it is desirable to have a selec-
tivity characteristic which is slightly rounded at the top. Such a characteristic
is almost a necessity to enable the average broadcast listener to tune a receiver
accurately. If the selectivity characteristic has a hollow top, the average user
will tune the receiver to the peak on one side and sideband discrimination will
be the result. From the standpoint of fidelity and selectivity, the slightly rounded
top is unimportant. After the desired band width at 70 per cent peak amplitude
has been decided upon, the relative merit of band selectors can be expressed by
the ratios of their band width at 70 per cent peak amplitude to their band widths
at 0.1 per cent peak amplitude. A brief comparison of this nature will soon
demonstrate the superiority of the superheterodyne receiver over the tuned
radio -frequency band selector receivers, which are on the market today. In this
connection it is indeed unfortunate that Dr. Vreeland neglected to show overall
selectivity curves for a tuned radio -frequency band selector receiver.

The tuned radio -frequency circuits in a superheterodyne receiver are used
primarily to reduce undesired responses and as sufficient reduction in these
responses was obtained by the use of the tuned circuits, it was unnecessary to
resort to coupled circuits.

The statement that resonant circuits coupled by means of a bridging coil
have a decided advantage over the inductively coupled type, in that the band

t Westinghouse Electric and Manufacturing Company, East Pittsburgh, Pa. Discussion received
June 17, 1929.



Discussion on. Beers and Carlson Paper 1457

width can be varied at will by means of a switch, is incorrect. There are several
simple ways of accomplishing this result with inductively coupled resonant cir-
cuits. Several experimental receivers in which such arrangements have been in-
corporated have been in use for several years. Here again the advantage is in
favor of the selectivity in the intermediate -frequency circuits as any change in
the band width of these circuits will cause a uniform effect in the selectivity of
the receiver throughout the broadcast range. Varying the coupling in a broad-
cast receiver of the tuned radio -frequency band selector type will produce only a
slight improvement in the band width at the high -frequency end of the broadcast
range, since the losses in the individual circuits are too great to give a sharp
characteristic.

The objections to an automatic volume control arrangement such as de-
scribed by Dr. Vreeland are so numerous as to prohibit a discussion of all of
them. The chief objections follow:

Dr. Vreeland states that the automatic volume control he has been using
maintains a constant audio output level regardless of the degree of modulation
of the incoming signal, and yet variations in the sound intensity of the music or
speech which are produced by changes in the per cent modulation are rendered
with their true relative strength. This combination of results hardly seems
possible in view of the quick response and slow recovery claimed for the device.

Let us suppose that such an automatic volume control having a quick re-
sponse and slow recovery, whose controlling e.m.f. is derived from the audio
output, is in use in a radio receiving set. A program is being received from a
station whose carrier is modulated 20 per cent, and the receiver is adjusted for
the desired output. In accordance with the music the per cent modulation sud-
denly increases to 80 per cent. The audio output, however, does not change
appreciably, but remains at practically the same level due to the quick response
of the device. If the per cent modulation now returns to the former level of
20 per cent the audio output will decrease accordingly, since the volume control
has a slow recovery and will, therefore, be much less than the output previously
obtained with the same per cent modulation. If the per cent modulation re-
mains constant for a sufficient length of time the audio output will gradually
increase until it reaches the original level. It is evident that such a system cannot
reproduce the variations in sound intensity so essential for the faithful reproduc-
tion of either speech or music.

When but one stage of audio amplification is used, sufficient radio -frequency
voltage is readily obtained at the grid circuit of the detector to operate satis-
factorily an automatic volume control. While not indicated in the curve shown
in Fig. 13, the automatic volume control described in the paper will likewise
control satisfactorily a field strength of 100,000iiv per meter. The curves in the
paper were plotted up to field strengths of only 900isv per meter to show in more
detail the shape of the curve where the volume control starts to take effect.

The distortion encountered by the use of high negative biases on amplifier
tubes in obtaining volume control is not eliminated by a volume control which
varies the plate voltage instead of the bias, as a brief study of tube characteristic
curves will show.

Dr. Vreeland's statement that the automatic volume control he has been
using eliminates the necessity for a sensitivity control is misleading. There is
actually more need for a sensitivity control with an automatic volume control of
the type which he describes. Although the noise in tuning between stations will be
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reduced somewhat, it will still be objectionable and a sensitivity control will be
very desirable. Also during a pause in a radio program, since there is no modu-
lation, the sensitivity of the receiver will automatically be increased until either
sufficient noise is received to work the control, or else the radio -frequency ampli-
fiers or the detector will be overloaded. Either of these conditions is, of course,
very undesirable.
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taneously with different types of receiving antennas. Evidence found of fading due to
interference; to direction shifts; to rotation of plane of polarization, and to varying
intensity of indirect rays; to multiple rays.)

R113.5 Mesny, R. Activie solaire et propagation. (Solar activity and
propagation.) L'Onde Electrique, 8, pp. 103-110; March, 1929.

(A summary of results of several investigators attempting to correlate variations in
reception with periods of increased solar activity. Results of Eapenschied, Anderson and
Bailey, of Pickard, and Austin are considered.)

R113.5 Wymore, I. J. Relation of radio wave propagation to disturbances in
terrestrial magnetism. Bureau of Standards Journal of Research, 2,
pp. 1201-1211; June, 1929.

(Study of radio reception on low frequencies showing that for daylight reception over
distances of 4000 to 7100 km the signal intensity increases following the height cf severe
magnetic disturbances, while for distances of 250 to 459 km intensity increases before, is
normal during, and increases after the maximum of a magnetic storm.)
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R125.1 Hell, R. Direktzeigendes funkentelegraphisches Peilverfahr. (A
direct reading radio direction finder.) Zeits. far Hochfrequenztechnik,
33, pp. 138-145; April, 1929.

(Discusses a method of using two crossed receiving loops or one loop and a vertical
antenna in connection with a switching arrangement and a current indicator for de-
termining course. The indicator shows pilot continuously his position with respect to
the course.)

11125.6 Chireix, H. French system of directional aerials for transmission on
short waves. Experimental Wiresless and Wireless Engr. (London),
6, pp. 235-244; May, 1929.

(Principles and construction of antennas for uni-directional horizontal beam transmis-
sion, using only one pair of feeders.)

R132 Jackson, W. The measurement of the voltage amplification factor of
tetrodes. Experimental Wireless and Wireless Engr. (London), 6,
pp. 252-255; May, 1929.

(A bridge method for measuring the amplification factor and plate resistance (hence
mutual conductance) of tetrodes, as affected by changes in battery voltages.)

R133 Hollmann, H. E. Zum Problem der Erzeugting kurzer elektrischer
Wellen durch Bremsfelder. (Production of electric waves having a
wavelength of the order of 13 to 18 centimeters.) Zeits. far Hoch-
frequenztechnik, 33, pp. 128-132; April, 1929.

(A thorough investigation into the production of 13- to 18 -cm electric waves using a
metal T.M.C. type tube. Also a comparison of results with those attained by Pierret and
by Barkhausen and Kurz.)

R134 Terman, F. E. and Dysart, B. Detection characteristics of screen
grid and space charge grid tubes. PROC. I. R. E., 17, pp. 830-833;
May, 1929.

(Measurements of the `voltage constant" of tetrodes and comparison of tetrodes with
triode detectors.)

11145.3 Positive and negative mutual inductance (editorial). Experimental
Wireless and Wireless Engr. (London), 6, pp. 233-234; May, 1929.

(Discussion of proper convention to be used in indicating sign of mutual inductanoe.
It is shown desirable to call the mutual inductance positive if, having adopted a convention
as to positive direction of currents, an increase of current in circuit 2 causes an e.m.f. in
circuit 1 in the same direction as would be caused by an increase of current in circuit (1. )

R145.3 Bashenoff, V. I. The establishment of a general formula for the
inductance of single turn circuits of any shape. Experimental Wireless
and Wireless Engr. (London), 6, pp. 245-251; May, 1929.

(It is shown that the ordinary formulas for single -turn circuits are special cases of the
author's general formula. Experiments are made on large and small closed aerials, check-
ing the accuracy of the general formula.)

R149 Shaw, A. E. Cold -cathode rectification. PROC. I. R. E., 17, pp. 849-
863; May, 1929.

(Investigation of discharge phenomena and asymmetric conductivity in gas -filled cold -
cathode rectifiers.)

11170 Smith -Rose, R. L. Man-made static-high voltage overhead
electrical transmission lines and radio interference. Wireless Wld. and
Radio Rev., 24, pp. 476-480; May 8,1929.

(A discussion of radio interference due to high -voltage transmission lines. Description
of experiments conducted at the National Physical Laboratory by the author.)

11170 Allen, J. G. Radio interference. PROC. I. R. E., 17, pp. 882-891; May,
1929.

(A consideration of the sources of interference and methods of detection and elimina-
tion.)
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R200. RADIO MEASUREMENTS AND STANDARDI7ATION

R201.6 Soucy, C. I. and Bayly, B. deF. A direct reading frequency bridge
for the audio range based on Hay's bridge circuit. Paoc. I. R. E., 17,
pp. 834-840; May, 1929.

(A simple and accurate bridge in which the frequency is determined directly by the
resistance introduced for balance.)

1t261 Lubcke, H. R. Vacuum -tube voltmeter design. PROC. I. R. E., 17,
pp. 864-872; May, 1929.

(Equation for optimum design for a given input range and meter.)

R261 Rhodes, H. E. A simple two -tube vacuum -tube voltmeter. Radio
Broadcast, 15, pp. 107-108; June, 1929.

(An apparatus of improved design for audio -frequency work.)

R300. RADIO APPARATUS AND EQUIPMENT

R330 Westman, H. P. Two recently announced tubes.-The UY-224 and
the UX-245. QST, 13, pp. 41-43; June, 1929.

(Data on screen -grid a.c. heater tube, UY-224, and the amplifier tube, DX -245.)

R341 Neue Glimmlichtgleichrichter. (A new glow discharge rectifier.)
Zeits. far Hochfrequenztechnik, 33, pp. 145-148; April, 1929.

(A description of the Anatron," a product of the firm of Dr. G. Seibt. Also a compari-
son of this type of rectifier with the audion type.)

R342.15 Podliasky, I. Sur les transformateurs intermediaires et la reproduc-
tion sans distortion. (On interstage transformers and reproduction
without distortion.) L'Onde Electrique, 8, pp. 111-118; March, 1929.

(Theory of resonance in transformers and its effect on frequency distortion. The effect
of tube capacities is considered.)

R342.7 David, P. La qualite de la reception radiophonique. (The quality
of radiotelephone reception.) 8th article of a series. L'Onde Electrique,
8, pp. 119-129; March, 1929.

(Audio -frequency amplification. Circuit and speaker considerations involved in pre-
serving quality in audio -frequency amplifiers. Discussion.)

R343 Lucas, P. S. Modern ideas on the portable receiver. Radio (San
Francisco), 11, pp. 12-13; June, 1929.

(Complete directions for constructing a compact 4 -tube screen -grid set with power
detector.)

R344.8 Meissner, E. R. Logarithmic scale for beat frequency oscillator.
PROC. I. R. E., 17, pp. 879-881; May, 1929.

ation for shape of variable condenser plates for giving a logarithmic frequency
.oafs.)

R386 Kuhelmann, C. A. Chart for design of band-pass filters. Radio
(San Francisco), 11, pp. 18-19; June, 1929.

(Design data.)

R390 Fisher, E. H. Voltage surges in audio -frequency apparatus. PROC.
I. R. E., 17, pp. 841-848; May, 1929.

(Measurements of amplitude and frequency of transient voltages produced in audio
transformers by opening the plate circuit. Discussion of protective measures.)

R500. APPLICATIONS OF RADIO

R526.1 Pratt, H. Field intensity characteristics of double modulation type
of directive radio beacon. PROC. I. R. E., 17, pp. 783-878; May, 1929.

(Equations and graphs showing space pattern obtained with this beacon.)
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8526.2 Houck, Z. Making the air safe for traffic-The lighthouse of the air-
The radio beacon. Radio News, 10, pp. 1065-1068; June, 1929. .

(Description of work on radio beacon developed by the Bureau of Standards.)

R526 . 2 Gloeckner, M. H. Der Bordpeilempfanger im Flugzeug. (The
direction finder on the airplane.) Zeits. far Hochfrequenztechnik, 33,
pp. 132-138; April, 1929.

(A conclusion of discussion of the direction finder as applied to aviation.)

R526.2 Kahn, L. Nouvelles cartes aeriennes pour l'emploi de la T. S. F. en
navigation. (New aerial maps for the use of radiotelegraphy in
navigation.) L'Onde Electrique, 8, pp. 87-102; March, 1929.

(New kinds of maps which simplify radio position finding in aerial navigation.)

R800. NON -RADIO SUBJECTS

621.313.7 Hermanspann, P. Hochfrequenz-Gleichrichter-Anlage mit auto-
matischer Konstanthaltung der Gleichspannung. (High frequency
rectifier with automatic voltage control.) Zeits. far Hochfrequenz-
technik, 33, pp. 121-127; April, 1929.

(At a frequency of 8000 cycles a transformer with core of so-called Hochfrequenzblick
shows a marked superiority to the air core type. A method of controlling voltage and keep-
ing it constant and independent of the load is shown.)
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With Professor Meissner in Research Laboratory, Telefunken Company, Berlin,
1925-1927. With Professor Fassbender, Department for Radio and Electro-
technics, German Experimental Institution for Air Traffic, Berlin-Adlershof.

Schelleng, J. C.: Born November 11, 1892 at Freeport, Ill. Received A.B.
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CORE IRON PRESS ROOM
Batteries of speed presses stamp out all
the core laminations for Thordarson
transformers. The special method of core
punching (developed by Thordarson, and
completely catered by patents) is the only
known method of stamping core lamina-
tions without waste. Steel comes to this

room in carloads.

Iron for Thordarson transformer
laminations is cut in the Thor-
darson factory from special sheets
by methods patented and con-
trolled exclusively by Thordarson.

lliORDARSON
ausformer Specialists Since 1895

111111 11A 11S11 ELECTRIC MANUFACTURING CO.
Huron. Kingsbury and Larabee Streets, Chicago, Ill.

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



THREE OF A KIND

A.

V

A,eat everytk
ivext mom

The Three New Plants of
POLYMET

(Ace of Hearts) COILTON DIVISION, Easton, Pa., the home
of Poly -Coils.

(Ace of Spades) NEW YORK PLANT -829-839 East 134th St.
-where Polymet Condensers and Resistances are made.

(Ace of Diamonds) STRAND & SWEET DIVISION, Win-sted, Conn.- where Polymet enameled magnet wire ismanufactured.
Quality

We Preach- Service -and Practice it
Dependability

The seal of good radio set essentials

POLYMET MANUFACTURING CORPORATION
829 East 134th Street New York City

POLYMET PRODUCTS

When writing to advertiNre mention of the PROCEEDINGS will be mutually helpful.
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FROST -RADIO
VOLUME CONTROLS
MEET EVERY NEED OF PRESENT-DAY

RADIO ENGINEERING

THERE are no more exacting
''4i , -I- standards than those set by

today's radio engi-
1%, neering practice, yet

Frost-RadioVolume
Controls more than

meet every specification.

k 14
They are supplied in any
desired resistance gradient,
to meet any curve, and
may be had in wire wound
or carbon element construc-
tion, either single or tandem

mounted . . . Of particular interest are the
new Frost Wire Wound Resistors, illustrated here. Made with
metal shells in a wide range of resistances from fractional to
10,000 ohms, and with or without
D. C. Switches.

(1`

Write us in detail about
your specific requirements
No matter what your volume control
requirements may be, Frost -Radio
can meet them. Our long experience
and tremendous volume of produc-
tion place us in a particularly advan-
tageous position to be of service in
supplying exactly what you want when you
in detail as to what you require.

want it. Write US

HERBERT H. FROST, Inc.
.Main Offices and Furitiry: ELKHART, INDIANA

I 60 North 11.a %:tile Street, CHICAGO

The Largest Manufacturers in the World
  of High Grade Variable Resistors  

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Radio Engineers
Specify

Vitreosil
(Fused Pure Silica and Quartz)

Insulation for Heater Type AC Tubes
Heat Treating Tubes for Metal Parts

Optical Details for Television

Obtaining
Homogeneity Impermeability

Freedom from Gas Lowest Expansion
High Electrical Resistance Freedom from Impurities

And in Transparent Vitreosil
Best Transmission of Visible, Ultra -Violet and

Infra -Red Rays

Available Shapes
Transparent Lenses, Prisms, Bulbs, etc.

Rods, Plates and Special Cross Section Strips
Single and Multiple Bore Tubing in All Diameters

Write Stating Problem

The Thermal Syndicate, Ltd.
1716 Atlantic Avenue Brooklyn, New York

1?"1111.1e.-1k.-11c.111r... 11.-5111e 111L-2 `I&A."e

When writing to adrertit.erx mention of the PROCKEDI N(19 will be mutually helpful.
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MORE INFORMATION
FOR YOUR DATA FILES

Accurate information, with
dimensioned detail draw-
ings of the most recent de-
velopments in parts for the
vital places in radio receiv-
er design.

Send for a complete
set of

AXLE

Bulletins
on

Volume Controls
Rheostats

Phone Tip Jacks
Fixed Resistances
Grid Resistances

Socket Assemblies
Plugs

Terminal Clips
Terminal Strips

We have unusual facilities for
the production of standard
pieces or for the laboratory
development of your special
requirements.

Get your name and address on
our mailing list for these and
future bulletins. Mail your re-
quest to -day.

YAXLEY MFG. CO.
1528 W. Adams St. Chicago, III.

When writing to advertisers mention of the PROCEEDINGS wilt be mutually helpful.
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willyoff trust your ears

By the only standard which
gauges sales success-the ears of
the purchaser-the T.C.A Dy-
namic is a better speaker.

T -C -A's claim for superiority
does not hang on the slender
thread of a detail here or a detail
there. It does not hang on an ob-
scure characteristic of only aca-
demic interest.

It hangs on a definite and per-
fectly apparent tone value that im-
presses itself not only upon the
critical ear of the engineer, but
upon the unpracticed ear of the
ultimate layman who buys the set.

After all, the most important
function of a speaker is to faith-

fully reproduce the broadcast pro-
gram.

It is this characteristic that sells
the set and pays the dividends.

As audio amplification specialists, the T-CA
organization is at your service. The TCA

Dynamic is, however, only the final step in the
audio series. The precision, uniformity and tone

quality of the audio transformers and chokes are
by no means a secondary consideration. Nor can

a noisy, humming powerpack be corrected by any
companion parts. Like the links in a chain, each suc-

cessive unit from the powerpack to the speaker must
carry the responsibility for perfect reproduction. T CA

parts are meeting this responsibility squarely in many
of the finest and most popular sets on today's radio

market.

TRANSFORMER CORPORATION OF AMERICA
2301-2319 South Keeler Avenue, CHICAGO, ILLINOIS

SALES OFFICES IN PRINCIPAL CITIES

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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MEETING THE DEMANDS OF
MODERN RADIO CONSTRUCTION

ARMORED CONDENSERS
These new type B. T. Armored Condensers meet all the require-
ments of modern radio design and construction for precision,
compactness and rigidity at a cost within the range of com-
mercial set manufacturers.
They possess many new and exclusive features that make them
the outstanding condensers of the year. Their compactness and
shielded construction make them the most convenient tuning
units to be had for individual shielding work.
United Scientific Type B. T. Armored Condensers are made in
single, 2 -gang, 3 -gang, and 4 -gang units of .00035 mfd capacity
and lower.

Samples now ready for delivery. Write for prices and full information.

4 UNITED SCIENTIFIC LABORATORIES, Inc.
115-C Fourth Avenue, New York City

Branch Offices for Your Convenience in
St. Louis Los Angeles
Chicago Philadelphia

fir Boston
Minneapolis

San Francisco
London, Ontario

Cincinnati

N 111111r ty. \
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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Silent,vihrationless-
amardelousnewmotor

Operates on
either 50 or
60 cycles.

List Price
$25.00

THE New Pacent Phonograph Motor is a marvel of sim-
plicity and efficiency. It is of squirrel cage induction type

-no brushes, no commutators, powerful starting torque. In-
sulated against noise throughout. Bearings are of phosphor
bronze, cast integral with the die-cast main frame. Dynamically
balanced rotor eliminates vibration. Has felt friction cone
driven turn table, micrometer -type speed regulator. Operates
on 110 volts, 50 or 60 cycles A.C. Write for details.

PACENT ELECTRIC CO., Inc., 91 Seventh Ave., N. Y.
Pioneers in Radio and Electric Reproduction for Over 20 Years

Manufacturing Licensee for Great Britain and Ireland: Igranic Electric Co., Ltd., Bedford, Eng.
Licensee for Canada: White Radio Limited, Hamilton, Ont.
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W.C.BRAUN COM ANy;,
WHOLESALE RADIO

HEADQUARTERS

Keep Abreast of the
New Developments

in Radio
No industry in the world's history has at-
tracted so many inventors and experimenters
as the radio industry. Something new is
always on tap. Contrast the old wireless
days with the modern electrically operated
talking radio. Think of what is still to
come when perfected television, telephony,
short wave control, etc., are fully realized.
In keeping with the policies of Wholesale
Radio Headquarters (W. C. Braun Com-
pany), our service lies in testing out and
determining which of these newest marvels are
practical, salable and usable for the greatest num-
ber. Our task is to study the multitude of new
merchandise, select those items that are thoroughly
proved and reliable, and make it easy for the public
to secure these while they are estill new.
A huge and varied line of standard radio merchan-
dise is carried in stock for quick shipment to all
parts of the country. This service assures the
dealer and set builder of everything he needs, all
obtainable from one house, without shopping around
at dozens of different sources. It saves considerable
time, trouble and money. For example, when you
want a complete radio set or parts for a circuit,
you also will want a cabinet, loud speaker, tubes
and other supplies and accessories. You know that
at Braun's you can get everything complete in one
order, and thus save days and weeks of valuable
time, besides a considerable saving in money.
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NEW LINES
FOR THE SUMMER

RADIO SETS, KITS, PARTS
SHORT WAVE, TELEVI-

SION, SPEAKERS,
SUPPLIES, PORTABLE

RADIOS and
PHONOGRAPHS
AUTO TIRES and

ACCESSORI ES

ELECTRICAL GOODS
Wiring Fixtures, Etc.

New Lines for the Summer Months SPORTING GOODS
Here, all under one roof, is carried the world's Outing Clothing, Baseball,
largest stocks of radio sets, kits, parts, furniture, Golf Goods, Etc.
speakers and accessories for the radio season, port-
able radios and phonographs for summer trade and HOUSEHOLDa complete line of auto tires, tubes and supplies, SPECIALTIESelectrical and wiring material, camping and outing
equipment, tents, golf goods, sporting goods; in Vacuum Cleaners, Phono-
fact, a complete merchandise line to keep business graphs, Electrical Toys
humming every day, every week and every month f
in the year.

Do You Get Our Catalog?
If you don't receive our catalog, by all means send us a request on your letterhead
to insure getting each new edition as promptly as it comes out. Braun's Big Buyers'
Guide is crammed full of bargains and money -making opportunities that you cannot
afford to pass up.
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ILLINOIS
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POWERIZER

Power and
Super Power

SOUND SYSTEM

Audio - engineers m a y
look to this company with
assurance for counsel in
the solution of their prob-
lems in amplification.
Our racks, panels and
faders promote flexibility
and control in audio -dis-
tribution, and our rich
experience in this field is
at your command.

As a matter of economy,
we will try to meet your
requirements with our
standard models. Our
moderate priced ampli-
fiers, using the new UX-
245 tubes, will undoubt-
edly conform to your
needs in many instances.

We hope we can be of
assistance to you in the
arrangement of sound
systems for your clients.
By telling us your special
problems, you can secure
the benefit of a lifetime
of experience in this line.

Hi 1

POWERIZER 2 -channel ampli-
fier panel, useful in arranging
broadcasting facilities for thea-
ters, parks, etc.

RADIO RECEPTOR CO., INC.
106 Seventh Avenue New York City

Service Agencies in Important Citie.
Licensed by Radio Corporation of America

and Associated Companies

When writing to advertisers mention of the PROCEEDINGS wiU be mutually helpful.



ELECTROSTATIC CONDENSERS
FOR ALL PURPOSES

cuctclon,

ASSURES
LONG

LIFE

WIRELESS SPECIALTY APPARATUS COMPANY
JAMAICA PLAIN, BOSTON EST. 1907

When writing to advertisers mention of the PROCREDING8 will be mutually helpful.
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"Isn't it
about time, Dad,
you eliminated the 'ADENOIDS'?"

ANY set with inferior Why not have

your set give you what it is capable of-it's a mighty simple

thing to eliminate the adenoids from your set-and to substitute true

tones as given by AmerTran radio products.
AmerTran audio systems will give you every tone broadcast with all

of the overtones and shadings from the lowest stop on the organ to

the piercing note of the piccolo. A pair of DeLuxe transformers, or the

superb power amplifier (push-pull for 210 tubes) and the ABC Hi -Power

Box. No matter what AmerTran audio

system you choose, your set will be free

from adenoids.

Complete 2 stage audio am-
plifier. First stage AmerTran
DeLuxe for UX 227 AC and
second stage AmerTran Push -
Pull for two 171 or two 210
Power Tubes.
Price, East of Rockies-less
tubes --$60.00.

See your dealer or write to us.

ANKTRAN

AMERICAN TRANSFORMER CO.
Builders of Transformers For More Than 29 Years

87 Emmet St. Newark, N. J.

IPMPVTTV9V,VTTTWIN'TTIVTIVT9VITTVTWTTV,VPVTOP
When writing to advertisers mention of the Pnoemmics will be mutually helpful.
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SEE and HEAR

the

NEW Farrand
ELECTRO DYNAMIC

the

NEW Farrand
INDUCTOR DYNAMIC

FARRAND MANUFACTURING CO. INC. LONG ISLAND CITY, N. Y.

When writing to adrertieere mention of the PROCEEDINGS will be mutually helpful.
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For the
Manufacturer

Who Wants
QUALITY

INE workmanship and fine performance
r characterize the Hammarlund "Battleship"
Multiple Condenser.

Built for the manufacturer who is proud of
his receiver and wants a condenser worthy
of it.

Here is real one -dial control! The units
are matched to within ',4 of one per cent of
each other. Absolute precision may be ob-
tained by attaching a Hammarlund Equaliz-
ing Condenser to each section. Recesses in
the frame provide for this.

Warpless, die-cast frame; non -corrosive brass
plates; oversize shaft. Convenient terminals
on Bakelite strip beneath the frame.

Made in two capacities (350 mmfd. and 500
mmfd.), two, three and four gangs, at ap-
pealing prices.

Write Dept. PE8 about your requirements

HAMMARLUND MANUFACTURING CO.
424-438 W. 33rd St., New York

acrl, Batton. Radio,

itammarlund
PRECISION

PRODUCTS

11'ben writing to advertisers mention of the PROCEEDINGS will be mutually helpful,
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EVEN though you are "all
set" on your present mod-

els you are thinking of next
season, knowing full well that
each year you must produce a
better set, embodying the latest
developments.
Your job was comparatively
easy when you could develop
without regard to price, but competition
has decreed a low price today and the
mass public buys the best set at the low-
est price. Thus today, your job is
doubly hard, for you must design that
better set at a lower price.

Jefferson stands ready to help you with your
transformer problems, offering you the bene-
fits of the highest degree of specialization at
attractive prices.

In our large well-equipped laboratories,
Jefferson engineers are continually working on
amplification problems for manufacturers of
many of the most popular receiving sets on
the market.

Whether you desire audio, output, power
transformers or chokes, let us help you solve
your problems.

Jefferson Power
Pack for use
with new 245
and 224 tubes.

Your Transformer Problems
Made Easy by Jefferson

Experience
The long experience of Jefferson En-
gineers enable them to keep a step
ahead of transformer demand-to
develop transformers in advance of the
requirements of set manufacturers.

For example, Jefferson Transformers,
Choke Units, etc., for use with the
new power tubes 224 and 245 have
been fully perfected, your problems
already solved. Thus, the use of Jef-
ferson not only helps you reduce de-
velopment costs but assures tried and
tested transformers for every require-
ment.

JEFFERSON ELECTRIC COMPANY
1591 S. LAFLIN STREET, CHICAGO, ILL.

JEFFERS
AUDIO and POWER TRANSFORMERS and CHOKES

When writing to advertisers mention of the PROCEZDINGS will be mutually helpful.
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A SetAnalgzerfir
rtExpe

Service
Men

Jewell Pattern 199
SET ANALYZER is still the leader in the
popular priced set analyzer field. It tests
screen grid sets, and handles every other
requirement of radio service. The two
large Jewell Instruments are of highest
quality and assure accuracy in testing that
is a sure foundation for profitable service
work.

Jewell Pattern 198
SET ANALYZER includes the Pattern 199
Set Analyzer in large case with drawer
and compartments for tools and replace-
ment tubes.

Jewell Pattern 408
SET ANALYZER includes the Pattern 409
Set Analyzer in large case with drawer
and compartments for tools and replace-
ment rubes.

Again Jewell takes the lead with a Set
Analyzer that accurately meets service
needs. In the Jewell Pattern 409 the
dreams of expert radio servicemen are
realized. This remarkable instrument
gives filament, grid, and plate voltages,
as well as plate current, simultaneously.

Two of the four 31/2 inch face Jewell Instruments
read plate voltage and current continuously. Press-
ing the A.C. and grid voltmeter buttons gives the
remaining values of the stage under test for in-
stant comparison and analysis.

The Jewell Pattern 409 tests all receivers-includ-
ing those equipped with the new screen grid tubes
-A and B eliminators, tubes, batteries, circuits,
grid, plate, and cathode voltages, plate current,
chargers, and line voltages.

The 31/2 inch face Jewell Instruments in bakelite
cases, the engraved bakelite panel, push button
switches, combined with the excellent finish and
workmanship of this instrument, instil confidence
in servicemen. Write for circular and book con-
taining accurate data on sets of leading manu-
facturers.

Sold by radio jobbers everywhere

JEWELL ELECTRICAL INSTRUMENT CO., 1650 Walnut St., Chicago
Manufacturers of a complete line of high grade switchboard and portable instruments

29 YEARS MAKING GOOD INSTRUMENTS

milli 49 U h1 "411
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fill

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Three men
who are making
radio -tube history

Ernest Kauer. The man
whose scientific experi-
ments produced the first
practical screen -grid tube
for use in A. C. sets. Also,
under his direction CeCo
engineers have produced
many other tubes of special
design that can be obtained
only from the CeCo Manu-
facturing Company.

N. 0. Williams. One
of the world's leading
authorities on radio tube
construction. Formerly
Factory Chief Engineer of
the Westinghouse Lamp
Works in charge of the
tube divisions.

Pr HESE three men are the operating
executives of the CeCo Manufactur-

ing Company. They have recently com-
pleted a new factory that provides
120,000 square feet of floor space and is
equipped to turn out 45,000 tubes a day.
This is the largest factory in the world
devoted exclusively to research and manu-
facture of radio tubes.

Recent tests of CeCo Tubes by four
impartial laboratories show that CeCo
Tubes have 30% to 50% longer life.

Licensed under patents and applications of the Radio
Corporation of America, General Electric Company, and
the Westinghouse Electric and Manufacturing Company.

John E. Ferguson. The
man who invented and
perfected the high speed
machines for the testing
and seasoning of radio
tubes. He is responsible
for many of the most im-
portant improvements in
tube manufacture in the
past 10 years.

This AC224 Screen Grid
Tube was developed and
Perfected by CeCo over a
year and a half ago. Recent
market surveys indicate
that this tube will be an
outstanding leader during
the coming season.

CeCo Manufacturing Co., Inc.
PROVIDENCE, R. I.

When writing to adrertixere nnentton of the PROCEEDINGS will be mutually helpful.
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"that's just what
we wanted"
explained the superintendent to the General Manager of an electrical
manufacturing plant. "We've been experimenting around with different
makes of coils long enough, now let's stick to these Dudlos and play safe.
Those people sure know how to make trouble -free coils.

"You're the doctor," said the G.M., "the best is none too good when
it comes to coils. We all know that."

"Seems to me there's another reason why Dudlo is entitled to thebusiness," said the engineer. "They've always been accommodating on
samples and they have given us many valuable suggestions."

The G. M., turned to his pile of morning mail. "Well, I'm glad you
boys have the coil question settled. Issue your requisitions and get them in
early-it's all right with me."

DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA
Division of General Cable Corporation

DU D
THE COIL'S THE THING IN RADIO

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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fie lnotitute of ilabio engineerg
Incorporated

33 West 39th Street, New York, N. Y.

APPLICATION FOR ASSOCIATE MEMBERSHIP

To the Board of Direction
Gentlemen:

I hereby make application for Associate membership in the Institute.
I certify that the statements made in the record of my training and pro-

fessional experience are correct, and agree if elected, that I will be governed by
the constitution of the Institute as long as I continue a member. I furthermore
agree to promote the objects of the Institute so far as shall be in my power, and
if my membership shall be discontinued will return my membership badge.

Yours respectfully,

(Sign with pen)

(Address for mail)

(Date) (City and State)

References:
(Signature of references not required here)

Mr. Mr

Address Address

Mr. Mr.

Address Address

Mr.

Address

The following extracts from the Constitution govern applications for admission in the Institute in
the Associate grade:

ARTICLE II-MEMBERSHIP
Sec. 1: The membership of the Institute shall consist of: * * * (d) Associates, who shall be eatitled to all

the rights and privileges of the Institute except the right to hold the office of President, Vice-pres-
ident and Editor. * * *

Sec. 5: An Associate shall be not less than twenty-one years of age and shall be: (a) A radio engineer
by profession; (b) A teacher of radio subjects; (c) A person who is interested in and connected
with the study or application of radio science or the radio arts.

ARTICLE In --ADMISSION
See. 2: * * * Applicants shall give references to members of the Institute as follows: C,? * for the grade

of Associate, to five Fellows, Members, or Associates; * * * Each application for admission * * *
shall embody a concise statement, with dates, of the candidate's training and experience.
The requirements of the foregoing paragraph may be waived in whole or in part where the appli-

cation is for Associate grade. An applicant who is so situated as not to be personally known to the
required number of members may supply the names of non-members who are personally familiar with
his radio interest.
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(Typewriting preferred in filling in this form) No. --

RECORD OF TRAINING AND PROFESSIONAL EXPERIENCE

1 Name
(Give full name, last name first)

2 Present Occupation
(Title and Name of concern)

3 Permanent Home Address

4 Business Address

5 Place of Birth Date of Birth Age

6 Education

7 Degree
(college) (date received)

8 Training and Professional experience to date
NOTE: 1. Give location and dates. 2. In applying for admission to the grade
of Associate, give briefly record of radio experience and present employment.

DATES HERE

9 Specialty, if any

Receipt Acknowledged Elected Deferred

Grade Advised of Election This Record Filed

XX



COPERNICUS
From the Painting by

OTTO BRAUSEWETTER

The
Spirit

of
Accuracy

SETTING standards is half the work of science. The standard
of length-a platinum -iridium bar; the standard of time-

stars passing the hair -line on a lens.
And in radio-the standard of reception. This is the ultimate

goal of the radio engineer. Progress toward that standard depends
upon the uniform excellence of the tubes used for tests.

The Spirit of Accuracy enters into every ARCTURUS Tube and
is manifest in each test, check and process of manufacture. Oxides
filtered through sieves that hold water...gauges that detect the
fraction of a hair's breadth...a vacuum that approaches nothing-
ness-all contribute to the standard the engineer demands.

Radio engineers use ARCTURUS A -C Tubes with the sincere
assurance that these tubes are as fine and uniform as it is
humanly possible to build them-a new standard in radio tubes.

ARCTURUS
BLUE LoNVLIFE TUBES

ARCTURUS RADIO TUBE COMPANY  NEWARK, N. J.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Deuallmsco
SHIELDED CONDENSERS
FOR SCREEN GRID SETS

\\\\\\\\ \\\\\\ 1LN,
minifio

11111 .2 1/4 .

TO MEET the demands of manufacturers of
screen grid receivers, DeJur-Amsco have

developed a 3 -gang Bath -tub Shielded Con-
denser to be had in all capacities, that is par-
ticularly suited for screen grid work.

Write for Engineering Data and Working
Drawings. Send Us Your Specifications
and Let Us Quote. Samples on Request.

Exceedingly Low Loss

DOUR-AMSCO CORPORATION
Condenser Headquarters

BROOME & LAFAYETTE STS., NEW YORK CITY

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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dia /marl' on,
a (pool oi wire

it

an,
SSURANCE

CCU RACY

It is the Identifying
Mark of

PRECISION
UNCOATED

FILAMENT
RIBBON

and

WIRE

Endorsed by
LEADING

RADIO TUBE
Manufacturers

N53C:

1 MG \ .C37

A PRODUCT SIGMUND COHN 44 GOLD ST
OF NEW YORK.

When writing to advertisers mention of the PROCEEDINCIN will be mutually helpful.
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RECTIFIERS

Since the advent of dry metallic rectifiers
Elkon has always led in perfection of de-
sign and record of periormance.Many of the
leading manufacturers have brought their
rectifier problems to Elkon for solution.

The signal success of Elkon rectifiers in
the "A" Eliminator and battery charging
fields was followed by outstanding
achievements with low voltage rectifiers for
dynamic and other moving coil speakers.

Again, this year, looking ahead and inter-
preting the need, Elkon introduced the
new high voltage rectifiers whicn eliminate
the power transformer in dynamicspeakers
and others of moving coil type.

Whatever may be your problem of recti-
fication, Elkon engineers will be glad to
co-operate with you in working out its
solution.

ELKON, INC.
DiV;SiOO of P. R. Mallory & Co., Inc.

INDIANAPOLIS, IND.

by ELKON
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Potter
Electrochemical

Condenser
(Edelman Patents)

High and Low Voltages-Ideal for Filter Blocks

The Potter Electrochemical Condensers are character-
ized by proven durability, permanence of capacity value,
low energy loss and small bulk. They are substantially
free from surge breakdown troubles due to inherent self -
healing properties.

Difficulties due to instability of dielectric film and evapo-
ration common to "wet" type condensers have been over-
come.

As a result of elaborate experiments, the Potter Electro-
chemical Condenser consists of a compact roll of prepared
aluminum sheets separated by a thin layer of organic
dielectric forming material. Absolutely nothing contain-

ing water is employed in the structure, so there is nothing to evaporate. The
chemical ingredients are non -aqueous and prepared non -hygroscopically, so that
all troubles formerly due to presence of water in structure of this class are
avoided.

The condensers act more like wax impregnated paper and foil condensers
than any chemical type condenser heretofore known. The losses are exceed-
ingly small and the condenser will retain a charge for an appreciable time.

Potter By -Pass Condensers
Designed for by-pass work and their high quality and conservative
rating permit their application to circuits where high "B" voltages are
employed giving satisfactory results.

They are hermetically sealed in metal containers-with the best seal-
ing compound obtainable, creating a condenser that is moisture proof
with uniform capacity.

The condenser mounting lugs have uniformly placed holes for bolting
or riveting to a die -punched panel assuring a rigid and permanent
assembly.

The Potter Co.
North Chicago, Illinois
4 Nesonal Orpenization at You, Sorrke

When writing to advertisers mention of the PROCRED I oii be mutually helpful.
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FREE
-a Booklet of
Helpful Hints
for Better
Transmission
and Reception

PYREX
Ridie

Insulators

CORNING GLASS 'WORKS
CORNING. NEW YORK.

THIS booklet discusses facts that are important to
every Radio Engineer and Amateur, explains why

good insulation is essential, and gives data on correct
insulators for all types of transmitting apparatus and
receiving sets. A copy should be in your file for ready
reference.

The PYREX* Insulators illustrated and described
are the ones universally recommended for highest
electrical resistance, strength in mechanical tension
and the chemical stability for everlasting dependability
under climatic and destructive exposure.

The PYREX line includes antenna, strain, entering, stand-
off, pillar and bus bar types of every desirable size, such as
are used by the big broadcasting stations, U. S. Lighthouse,
Coast Patrol, Lighthouse and Air Mail Services, Commanders
Byrd and MacMillan, and exacting amateurs everywhere.

Get the booklet by mailing the coupon and get PYREX
Radio Insulators from your nearest supply house or if neces-
sary directly from us.

. - - - - - - - - - - -
*Trade I CORNING GLASS WORKS, Industrial and

I Laboratory Division, Corning, N.Y.
Mark Please send the PYREX Radio Insulator
Reg. booklet.

U.S. Name
(Print name and address)

Pat.
I Address

Off. I

When writing to advertiser* mention of the PROCEEDINGS will be mutually helpful.
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The New ELECTRAD
Covered Resistance

Superior Performance
and Durability
at Moderate
Cost ! !
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TEMPERATURE CONTROL UNITS
designed for

PIEZO CRYSTAL OSCILLATORS

Catalogue No. 211

Automatic thermostatically controlled heater compartments, designed to house from
one to three piezo crystals-Jacks are provided to fit any type of crystal holder
(When ordering give dimensions and type of holder employed)-Uniquely con-
structed adjustable thermostat units, which are guaranteed to keep the temperature
constant to within 0.1 of one degree at the desired setting-Adjustable working
limits 30° to 50° !-Fitted with precision thermometers having large graduated
scales capable of indicating tenths of a degree centigrade-The cases are con-
structed along scientifically correct lines, having an inner lining of special asbestos
board; an intermediate non -circulating air chamber and air exterior covering of
heavy sheet aluminum-Supported with aluminum end castings.

Easily adapted to present day transmitters-Operates direct from any
110 volt A.C. or D.C. line-Current consumption only one-half am-
pere-Furnished with pilot light which gives instantaneous check on
operation.-Dimensions 7%" x 11%" front x 12" deep.

Broadcasting, commercial, experimental and other stations, which are required to
keep within 100 cycles of a specified frequency, will find these REL Cat. 211 units
very necessary-Quantity production has enabled us to offer these at a very
reasonable price.

Information and Prices on Application

MANUFACTURES A COMPLETE LINE OF
APPARATUS FOR SHORT WAVE TRANS-

MISSION AND RECEPTION.

...or

RADIO ENGINEERING LABORATORIES
100 Wilbur Ave. Long Island City, N.Y., U.S.A.

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

XXVIII



NUIGON-T

DIFIECT1ONS
(abed dirtrth I. (good

rtirroul katirn 111111.4.

0.6011 p..At so
.Aot,,,,Aaal As listily wakes.. elan.

'wan au Mei power to511 by
vreeft ere. Waal bantes posh.

T. t.A.. at WW1. leavelies siste.
tr1 Arm I.

140i !FR SMITH CO.
I 10 I' II

Type HTD
RADIO

CONTINUITY
TESTER

The new RADIO CONTINUITY TESTER was designed, and
is now offered, as an ideal instrument for making a wide variety
of tests on radio receiving sets, in particular, and on many other
radio devices and circuits.

One of the largest makers of radio receiving sets in the Country
has found that the Continuity Tester will, without any other in-
struments, perform the majority of the essential tests on its mangy
types of sets.

Send for Supplement No. z to No. K-300
"Over thirty years' experience is back of Roller-Smith"

FEte
OLLER-SMITH COMPANT

ctrteat Measuring and Protective ApparatuS
.ma

Main Office: Works:
2134 Woolworth Bldg. Bethlehem,

NEW YORK Pennsylvania

Offices in principal cities in U. S. A. and Canada.
Representatives in Australia, Cube, Japan and Philippine Islands.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Production Tester
that insures

Uniformity of Tubes
THE Model 526-Type 6 Radio Tube Tester is made

primarily for set and tube manufacturers. It is a tri-
umph in instrument design and embodies features

which make it invaluable as a production testing instrument.Its use as a bench test set insures uniformity of tubes, while
its design and construction provide for high speed operation.
No calculations or correction factors are necessary, all tube
characteristics being quickly obtainable by direct indication.It is simple to operate, positive and reliable.

The tube manufacturer will find the Model 526 indispensable
in reducing the time element in testing tubes and minimizinglabor and material losses. It accelerates mass production
processes, increases output, protects guarantees-and in-sures the uniformity of the product.
The Model 526 is a marvel of simplicity-only a few quick
operations being necessary for a complete test. Refer to our
nearest sales office for full particulars, or write direct to thefactory.

WESTON ELECTRICAL INSTRUMENT CORPORATION
589 Frelinghuysen Ave. Newark, N. J.

ieSto
ASINCE 1888 44414.

INST UM END'S
When writing to advertietre mention of the PROCEEDINGS will be mutually helpful.
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DURHAM Metallized RESIS-
TORS and POWEROHMS are
available for every practical re-
sistance purpose in radio and
television circuits, 500 to 200,000
ohms in power types; 1 to 100
Megohms in resistor types; ratings
for all limited power require-
ments; standard, pigtail or special
tip..

I HE LEADERS STANDARDIZE
ON DURHAM RESISTANCES

Freed Radio NR 95

Only the BESTif good Enough
,finVie FREED RADIO

IN the automobile field there are several makes of axles-but
there is only one TIMKEN-the axle that is installed in the

leading cars of the industry. In radio there are many makes of re-
sistances-but only one DURHAM-the Resistors and Powerohms
which are used by leading quality receivers in the industry. Freed
Radio easily could cut the cost of their resistances by a small frac-
tion, but their engineers, their dealers, their jobbers and their ul-
timate consumers get added value in finer reception because
FREED RADIO RECEIVERS use Durhams. The presence of
Durhams in a receiver is a guide to the quality of all other parts.
We shall be glad to send engineering data sheets and samples for
testing upon request. Please state ratings in which you are in-
terested.

RESISTORS & POWEROHMS
International Resistance Co., 2006 Chestnut Street, Philadelphia, Pa.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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The aim
of every far-sighted

manufacturer

"A better
product for
less money"
But production managers of fac-
tories doing a capacity business
have little time for experimen-
tal work even though changes
or improvements in their prod-
ucts seem advisable.

To these busy executives we
can render valuable assistance
through our Service Engineer.
ing Department.

The duty of this staff of chem-
ists and engineers is to deter-
mine whether or not Phenolite
will facilitate the manufacture
or sale of your products, and ex-
actly what grade is best suited
to your requirements. A letter
putting it up to us will bring
immediate action.

After egperimenting with
mnv materials. Grade °.
Cans.. Phennlite
wet selected for time buah-
ing becalm. of ice perfect
machining outdid.. high
teneile .nd dielectric

aned, and because of
ite ini snot.. to deteriora-
tion from hest.e.ter or oil.
No Otbgf material could

ths requirement.
of thriesee. part .e perfectly
as Phenolite.

HENOLITCy
Laminated BAKELITE

SHEETS : RODS :TUBES : SPECIAL SHAPES

NATIONAL VULCANIZED FIBRE CO., Wilmington, Del., U.S.A.
Offices in Principal Cities

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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U. S. NAVAL INSTITUTE
FOUNDED IN 1873

For the Advancement of Professional, Liter-
ary and Scientific Knowledge in the Navy

ADMIRAL DAVID D. PORTER
Was Its First President

(9 Out of Every 10 Flag Officers are Members)

For Over Half a Century

U. S. Naval Institute Proceedings
Has Been the Navy's Forum

Published Monthly

Its pages cover a wide range of subjects by foreign and American
contributors, officers and civilians, many of whom are distin-
guished in their specialties, so written as to interest the Institute's
large civilian associate membership. An attempt is made each
month to put out a well balanced issue: some theory, some
discussion of present-day methods with constructive criticism,
book reviews, professional notes, international notes, some naval
history, some narrative and occasionally general engineering
subjects.

UNTIL FURTHER NOTICE Members of the Institute of
Radio Engineers are Invited to Become Associate Members
of the Naval Institute upon Application and Payment of

ANNUAL DUES $3.00 (Including Proceedings).
(Regular Subscription $5.00 Per Year).

Address: SECRETARY -TREASURER, ANNAPOLIS, MD., U. S. A.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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P. O. Box 86

Piezo Electric Crystals and
Constant Temperature Equipment

Piezo Electric Crystals:
We are prepared to grind Piezo Electric Crystals for
POWER use to your assigned frequency in the 550 to 1500
KC band, accurate to plus or minus 500 cycles for $55.00 fully
mounted. Crystals for use in the HIGH FREQUENCY
BROADCAST BAND (4000 to 6000 KC) for POWER use,
accurate to plus or minus .03% of your assigned frequency,
fully mounted, $85.00. In ordering please specify type of
tube used, plate voltage and operating temperature. All
crystals guaranteed with respect to output and accuracy of
frequency. Deliveries can be made within three days after
receipt of order.

Constant Temperature Equipment
In order to maintain the frequency of your crystal controlled
transmitter to a high degree of constancy, a high grade tem-
perature control unit is required to keep the temperature of
the crystal constant. Our unit announced three months ago
is solving the problem of keeping the frequency within the
50 cycle variation limits. Our heater unit maintains the
temperature of the crystals constant to BETTER THAN A
TENTH OF ONE DEGREE CENTIGRADE; is made of
the finest materials known for each specific purpose and is
absolutely guaranteed. If interested further details will be
supplied upon request.

Low Frequency Standards:
We have a limited quantity of material for grinding low
frequency standard crystals. We can grind them as low as
25,000 cycles. These crystals will be ground to your speci-
fied frequency accurate to ONE HUNDREDTH OF ONE
PER CENT. Prices quoted upon receipt of your specifica-
tions.

Scientific Radio Service
"The crystal specialists"

Dept. R-5 Mount Rainier, Md.

When writing to advertisers mention of the PROCEEDINGS wilt he mutually helpful.
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CHANGE IN MAILING ADDRESS
OR BUSINESS TITLE

Members of the Institute are asked to use this form for notify-
ing the Institute office of a change in their mailing address or
any change in the listing of their company affiliation or title
for the Year Book membership list.

The Secretary,
THE INSTITUTE OF RADIO ENGINEERS,
33 West 39th Street,
New York, N.Y.

Dear Sir:
Effective please note change in my address

(date)
for mail as follows:

FROM

(Name)

(Street Address)

(City and State)

TO NEW ADDRESS

(Street Address)

(City and State)

Also for the membership list for next year's Year Book note change
in my business address (or title) as follows, this my mailing

is lt
address:

(Title)

(Company Name)

(Address: Street, City and State)

PLEASE FILL IN, DETACH, AND POST TO THE
INSTITUTE PROMPTLY

When writing to adrertisers mention of the PROCKEDI NGS will be mutually helpful.
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INSTITUTE SUPPLIES
EMBLEMS

Three styles of Institute emblems, appropriately colored to
indicate the various grades of membership in the Institute,
are available. The approximate size of each emblem is that
of the illustrations.

The lapel button is of 14k gold, the background being
enamelled in the membership color, the lettering being
gold. The button is supplied with a screw back with
jaws which fasten it securely to the coat. This style
emblem can be obtained for $2.75, postpaid, for any
grade.

The pin is also of 14k gold. It is provided with a
safety catch and is appropriately colored for the various
grades of membership. Price, for any grade, $3.00 post-
paid.

The watch charm is handsomely finished on both sides
and is of 14k gold. The charm is equipped with a sus-
pension ring for attaching to a watch fob or chain. Price
for any grade, $5.00 postpaid.

BINDERS
The binder pictured here contains over three

inches of filing space. It is designed to accommodate
a year's supply of PROCEEDINGS. It serves either as a
temporary transfer binder or as a permanent cover.
It is made of handsome Spanish Grain Fabrikoid in
blue and gold. The binder is so constructed that

each individual copy of the PROCEEDINGS will lie flat when the pages are
turned. Copies can be removed from the binder in a few seconds and can be
permanently preserved in undamaged condition. Hundreds of these binders
are sold each year. Price, $1.50 each, or $2.00 with the member's name or the
PROCEEDINGS Volume Number stamped in gold.

BACK ISSUES OF THE PROCEEDINGS
Back issues of the Proceedings are available in unbound form for the years

1918, 1920, 1921, 1922, 1923, and 1926 at $6.75 per year (six issues). Single
copies for any of the ,cars listed to 1927 are $1.1.1 each For 19.28 ( where
available) the single copy price is $0.75. Foreign postage on the volume is
$0.60 additional. On single copies $0.10.

A number of individual copies for years other than those listed above areavailable. For a list of these, members should apply to the Secretary.
Bound volumes in Blue Buckram binding are available for the years

1920, 1921, 1922, 1923, 1925, and 1926 at $8.75 per year. The bound volumefor 1928 is priced at $9.50. Foreign postage is $1.00 per volume.
Bound volumes, for the above years, in Morocco Leather binding are avail.able at $11.00 each.
These prices are to members of the Institute.

FOURTEEN YEAR INDEX
The PROCEEDINGS Index for the years 1909-1926, inclusive, is available tomembers at $1.00 per copy. This index is extensively cross indexed.

YEAR BOOK
A copy of the current year book will be mailed to each member, when

available. The 1927 and 1928 year books are available to members at $0.75
per copy, per year.

When ordering any of the above, send remittance with order to The
Secretary, The Institute of Radio Engineers, 33 West 39th Street, New York,
N.Y.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Floor Space Doubled
To Insure Better Condenser

Service
AsTEADY increase in condenser business has made it

necessary for us to increase our floor space from
16,000 square feet to 36,000 square feet-more than
double.

In this modern fireproof factory, Fast Condensers are
built with precision -exactness, so well meeting the needs
of leading radio set manufacturers as to make necessary
this expansion.

Our facilities now, for producing quality condensers, are
unexcelled, as proved by the increased business entrusted
to us.

Send us your specifications, in whole or part, and we will
gladly quote on your requirements.

jimar I
New address:

3123 N. Crawford Ave., Chicago, Ill., USA.

R AM A

When writing to advertieere mention of the PROCIMING8 will be mutually helpful.
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You can forget the Condensers, if they are DUBILIER'S

TYPE 665
A condenser
adapted to radio
transmitters-
tube bombard-
ers - MO fre-
quency furnaces

The strong position of

Dubilier Condenser Corporation
has been built upon

products of high quality.

engineering -skill that is unapproached.

manufacturing practice that is correct.

service that is dependable.

policies that are right.

One of the many hundred types
of Condensers Dubilier is pro-
ducing for radio manufacturers.
Many thousands of these con-
densers are being used in well-
known and nationally advertised
radio sets.

Consult us in reference
to your problems

Address Dept. 91

DubilierCONDENSER
CORPORATION

342 Madison Avenue
New York, N. Y.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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thin MOP TRST MIAMPLZS
SHAKEPROOF LOCK WASHER CO.
ZSD North Keeler Ave.. Chicago. III.

Please send me samples of
CI Shakeproof Lock Washers to fit bolt size SHAKEPROOFa Shakeproof Locking Terminals. sits
Firm NameAddressLockWasher Company
Town State- I IT.Imem of Illtnals rs.1 wsms

By 2SOI North Kotler Amos Chkago, MEMO

Type 11 External Type 12 Internal Type 20 Terminal

When writing to advertieere mention of the PROCEEDINGS will be mutually helpful.

XXXIX



o
Ns

EU

N
Ns
EN

NI  II       I II      II    

Quietness-Permanency
Two Big Features of the

Bradleyunit Resistor
THE outstanding noiseless

performance of the Brad-
leyunit Resistor compared with
other types of resistors is clear-
ly revealed by laboratory tests.
Quiet performance and perma-
nence of resistance rating are
highly essential qualifications
for fixed resistors used in mod-
ern receivers of high amplifica-
tion. Continued repeat orders
from leading set manufacturers
is ample proof that the Bradley -
unit maintains its remarkable
performance for the life of the

set. It is unaffected by moisture,
temperature and age. Use the
Bradleyunit on your set for
insurance against noise and
distortion.

Standard Bradleyunits are
furnished in ratings from 500
ohms to 10 megohms. Special
ratings supplied on request.
Units are equipped without
leads or with leads up to six
inches in length. Color coded
for quick identification and
checking purposes.

Write today, giving complete
specifications, for data and prices.

Allen-Bradley Co., 282 Greenfield Avenue, Milwaukee, Wisconsin

N.
PERFECT RADIO       .11-7=7/... m-en-B

REXISTORI are
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.

XL



Volume Controls

Manufactured in three sizes

Standard
Junior
Midget

Also Double Standard
and Double Junior

TO vary the intensity of the faithful
reproduction built into radio receivers

without introducing noise or distortion, can
only be accomplished by a careful and com-
plete consideration of both mechanical and
electrical features of the volume control.
Mechanically-The Centralab exclusive and
patented rocking disc contact precludes any
possibility of wear on the resistance ma-
terial. This feature adds to the smoothness
of operation since the contact shoe rides
only on the disc. The shaft and bushing are
completely insulated from the current carry-
ing parts-eliminating any hand capacity
when volume control is placed in a critical
circuit.

Electrically - Centralab engineers have
evolved tapers of resistance that produce a
smooth and gradual variation of volume.
These tapers have been thoroughly tried and
tested for each specific application for cur-
rent carrying capacity and power dissipation.

Centralab volume controls have been speci-
fied by leading manufacturers because of
their quality and ability to perform a specific
duty-Vary the intensity of faithful repro-
duction-faithfully.

Write for full particulars of
specific application.

CENTRAL RADIO LABORATORIES

36 Keefe Ave. Milwaukee, Wis.

A CENTRALAB VOLUME CONTROL IMPROVES THE RADIO SET

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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ATTENTION
PROCEEDINGS READERS

The September issue of the PROCEEDINGS is going into
circulation just before the New York Radio Show opens!

If your company expects to have a booth at this New York
Radio Show, you want to be sure that the prominent radio
men know just where your headquarters are located and what
products are being exhibited.

We are reserving space in our September PROCEEDINGS
now, and will make reservations for you if your order is in
this office by August 20th!

Full Page Rate - $70.00 Single Insertion

Professional Card - $10.00 an Insertion

Get your order in early!

For further particulars address:

Advertising Department

Institute of Radio Engineers
33 West 39th St.

NEW YORK CITY

When writing to advertisers mention of the PROCKNDINUS will be mutually helpful.
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What is a Volume Control?
Why, it's a device to reduce or to increase
the oud-speaker volume at will, without

introducing tone distortion in the usual rendition.

What else should a Volume Control be? It should be silent bothmechanically

and electri-
cally; velvety smooth in operation, compact and handy to install and cornett; absolutely
free from wear and tear; and positively immune to troubles and to the costly

and troublesome servicing to which all too many volume controls are he.r. The
clanging and clashing of make-believe chimes from a faulty volume control and micro -
phonic tubes, or again the bangir.g and crashing of a battlefield, as simulated by the
rasping contact and uneven turns of a volume control, may be good atmosphere in
their proper place, but they brand your radio engineering as mighty poor work. Re-

member, the volume control is usually the weakest link of the present-day radio set.
And yet it is probably the smallest, lowest -priced, and simplest component.

Well, all the good points, and none of the poor points, of volume control practice are
incorporated in the latest member of the CLAROSTAT family. So you will be in-
tel ested to meet the

Genuine Wire Wound

fit (  VOLUME 11:114111-11101
C LA Ft() STAT

up to 50,000 ohms
The photograph above tells much of the story-note the neat appearance of this device,
with its bakelite case and end cover, which keeps out dust and dirt; note the compact
dimensions-not a cubic inch of waste space; note the single -hole mounting feature,
and the handy terminals.
But there's more to this story, when you look inside. It contains a special wire winding
on a threaded bakelite strip --turns cannot loosen, shift or short-circuit, even with the
finest wire. You can have any resistance up to 50,000 ohms. Contact is established by
means of a pressure contact disk-no sliding contact to cause wear and tear. Absolutely
noiseless mechanically and electrically. Microscopic examination of :he wire, after
100,000 turns of knob, indicates no appreciable wear!

-And You Can Have It Matched to Your
Exact Requirements

Yes, just that. The Clarostat Engineering Staff has developed an ingenious winding
machine which varies the number of turns of the resistance wire from 8 tc 600 per linear
inch along the entire strip. This makes possible any resistance value at any point in the
turn of the knob. You can have a tapered winding, arithmetical or geometrical progres-
sion of resistance, a peak at any part of the winding, and so on. In fact. you draw the
specification curve of your resistance requirements throughout the turn of the knob, anu
our engineers design a new BAKELITE VOLUME CONTROL CLAROSTAT that
matches that curve and your needs.
If you're from Missouri, all the better! Just draw the desired resistance curve on oul
specification sheet, and we'll submit the samples.

WRITE, if you are engaged in actual radio production or designing, on
your firm letterhead, stating your resistance requirements, so we

may co-operate with you in taking care of them. Let as send you the technical
data and specification sheet so that we may submit samples on our ideal volume
control.

Clarostat Manufacturing Company, Inc.
Specialists in Radio Aids

289 North Sixth Street Brooklyn, N.Y.

When writing to adverti.gror monlio,a of the l'ito('KEDINGS will be mutually helpful.



"ESCO"
Synchronous Motors for Television
In addition to building reliable and satisfactory motor generators,
"Esco" has had many years of experience in building electric
motors for a great variety of applications.

Machines for operating 60 -cycle
A. C. Radio Receivers, Loud
Speakers and Phonographs from
Direct Current Lighting Sockets
Without Objectionable Noises of
any Kind.
The dynamotor. and motor generators
are suitable for radio receivers and for
combination instruments containing
phonograph, and receivers. Filters are
usually required. The dynamotor. and
motor generators with filters give as
good or better result, than are obtained
from ordinary 60 -cycle lighting sockets.
They are furnished completely assem-
bled and connected and are very easily
installed.
These machine. are furnished with wool -
packed bearing, which require very
little attention, and are very quiet run-
ning.
Write for Bulletin No. 243-C.

Synchronous motors, small, com-
pact, reliable, self starting are
now offered for Television equip-
ment. They require no direct
current for excitation, are quiet
running and fully guaranteed.

Other types of motors suitable
for Television may also be sup-
plied.

Write us about your requirements.

Dynamotor with Filter for Radio Receiver,

How can "ESCO" Serve You?

110
ELECTRIC SPECIALTY COMPANY

TRADE "ESCO" MARK

300 South Street Stamford, Conn.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Continental Resistors
Durable dependable, simple in structure and give a

minimum of resistor trouble.

A

411111M60

Type A for grid leaks and
light power purposes. Will
dissipate 1/2 watt safely.

Types W and X for greater
power dissipation.

All types furnished in any re-
sistance value desired.

In use continuously for a number of years by the
largest manufacturers.

Types E2 and D2 fur-
nished with wire leads
soldered to coppered
ends, are for soldering
permanently into posi-
tion in apparatus where
they are to be used.

Samples for test sent on receipt
of specifications.

CONTINENTAL CARBON INC.
WEST PARK, CLEVELAND, OHIO

D2

When writing to advertisers mention of the PEOCEEDLNOS will be mutually helpful.
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DELIVERY
DELIVERY WILL BE THE ISSUE THIS
SEASON. WE ALREADY HAVE A LARGE
SURPLUS OF PAPER AND FOIL SET A-
SIDE FOR RESERVE AND WILL CON-

TINUE TO UPHOLD OUR PROMISES
AS HERETOFORE.

OUR CONDENSERS HAVE PASSED
EVERY ACCEPTANCE TEST CON-

DUCTED THIS YEAR.

IF YOU HAVE NOT ALREADY DONE
SO SEND YOUR SPECIFICATIONS

TO US IMMEDIATELY.

CONDENSER (:ORPORATION OF AMERICA
259-271 CORNELISON AVE. JERSEY CITY, N. J.

The Ekko Co.
Daily News Bldg.

Chicago, Ill.

W. C. Laing
Southern Ohio Bank Bldg.

Cincinnati, Ohio

When writing to advertisire mention of the PROCEEDINGS will be mutually helpful.
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RADIO
Production is Now in

FULL SWING
THIS is the season when business like pro-

duction of radio apparatus begins. This year
Formica has an exceptionally large array of
machinery for threading tubes, punching small
parts in operation.
Formica has always maintained the largest equip-
ment in the industry for these fabricating opera-
tions. A new building of 50,000 feet of floor space
is nearly complete and will permit further expan-
sion.

The Formica plant is conveniently located to ship
quickly to most radio factories. Send your blue
prints for quotations.

THE FORMICA INSULATION COMPANY
4646 Spring Grove Ave. Cincinnati, Ohio

ORMICA.
Made from Anhydrous Bakelite Vesins
SHEETS TUBES RODS

When writing to advertiaere mention of the PROCEEDINGS will be mutually helpful.
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SM

This year there is an entirely
new keynote in designs for the
setbuilder: CONVENIENCE.
Formerly considered as the one
feature monopolized by fac-
tory -built sets, perfect conven-
ience in operation is now
brought within the reach of
all-and yet with even better
performance than the best "kit
sets" of last year-the S -M 720
and 710.

They Said

"SM will do it
this year"
-and S -M has done it !

THE SEVEN -TWELVE TUNER
A Refinement of the Sargent-Rayment

For the setbuilder who wants the best regardless
of cost, S -M is able to repeat the promise made
and kept a year ago. The SargentRayment 710
was acknowledged to stand head -and -shoulders
above all other receivers offered at any price-
and the same laboratory which perfected it now
offers a further refinement in the S -M Seven -
Twelve Tuner. Though not high-priced, the
Seven -Twelve will this year duplicate the achieve-
ments of its illustrious predecessor and will far
surpass in performance anything offered to the
setbuilder at any price whatsoever. Built to real-
ize every advantage of a precision band selector
tuner entirely separate from its audio amplifier,
the Seven -Twelve uses 224 a.c. screen -grid tubes
in three r.f. stages, band -selector tuning, and
power detector. Perfectly adapted to give to the
712 a tone quality in keeping with its own out-
standing sensitivity and selectivity is the new 677
two -stage power amplifier (245 push-pull). The
712-677 combination will be the setbuilder's ace
for 1930-and at a price that will astonish the
most skeptical.

Have you seen the intimate description of these
three all -new S -M receivers as first printed in the
S -M RADIOBUILDER? If you want to keep
up-to-date on the new developments of the S -M
laboratories, don't be without the RADIO -
BUILDER. Use the coupon.

Custom -builders who use S -M parts have profited
tremendously throughout the past season through
the Authorized S -M Service Station franchise. If
you build professionally, let us tell you about it-
write now.

S -M 722

Band -Selector Seven
Far better in actual performance than the famous
720 and 720AC Screen -Grid Sixes, as well as
more convenient, the 722 Band -Selector Seven is
strictly all -electric, and tuned entirely by a single
illuminated drum. It embodies a.c. screen -grid
amplification in two r.f. stages, band -selector
tuning, screen -grid power detection followed by
resistance -coupled first r.f. stage, push-pull 245
output tubes, and provision for dynamic speaker.
The 722 makes top-notch 1930 quality no more
costly than merely mediocre reception.

735 ROUND -THE -WORLD SIX
All-Electric-Short-Wave and

Broadcast -Band

The first completely a.c.-operated short-wave re-
ceiver to be offered upon the American market.
Built on the same chassis as the 722 illustrated
above, the 735 demonstrates in short-wave recep-
tion the same mastery of design for the 224 a.c.
screen -grid tube which distinguishes the new S -M
broadcast receivers. Built into it also is a typical
S -M two -stage audio amplifier with push-pull 245
tubes. Plug-in coils give a range of from 17 to
650 meters. Strictly one -dial tuning, full a.c.
operation, and provision for dynamic speaker
unite to make the 735 a real milestone in short-
wave development.

SILVER -MARSHALL, Inc. 64CHI11 WCAGO,EST 65T H.A S.T

U.S "

When writing to advertisers mention of the PROCEED;NOS will be mutually helpful.

XLVIII



RCA Radiotrons embody all the world's
knowledge of vacuum tube design. Back
of the mark RCA are the engineering re-
sources of General Electric, Westinghouse
and the Radio Corporation of America.

Rodiotron Division

RADIO -VICTOR CORPORATION OF AMERICA
NEW YORK CHICAGO ATLANTA DALLAS SAN FRANCISCO

IRCAN, ID II WU IRO NI
MADE DV THE MAKERS OF Till n NI/11.11

When writing to advertisers mention of the PROCEEDINGS will be mutually help!,,,'
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:':AR,, NEW
IMPROVEMENT

IN RADIO TUBES

EVEREADY RAYTHEON TUBES
GIVE A SUPERLATIVE DEGREE

OF PERFORMANCE

INSTALL a set of new
Eveready Raytheon
Tubes in your radio re-
ceiver and note the un-
usually clear reception,
greater volume and
sensitivity. Quick heat-
ing and quick acting.

Behind all this is a
revolutionary improve-
ment in construction.

Ettg
ER 221

I I

Showing the exclusive
patented Eveready Ray-
theon 4 -Pillar construction.
Note the sturdy four -cor-
nered glass stem through
which the four heavy wire
supports pass, and the
ligid mica sheet at the top.

The elements in each
Eveready Raytheon
Tube are firmly sup-
ported by four strong
pillars, cross - anchored
top and bottom. They
are accurately spaced
within one - thousandth
of an inch when they are
made. And so rigidly
braced that the spacing
cannot change with the
knocks and jolts of ship-
ment and handling.

In tubes of the 280
type and the 224 screen -
grid type, which have
heavier elements, this
rugged 4 -Pillar con-
struction is of particu-
lar importance.

Only with Eveready
Raytheon Tubes can you
have this construction
advantage. It is exclu-
sive and patented. Ever-
eady Raytheon Tubes
come in every type, in-
cluding tubes for tele-
vision transmission and
reception.

EVEREADY
RAYTHEON

Eveready Raytheon
Tubes are sold by deal-
ers everywhere.
NATIONAL CARBON CO.

Incorporated
General Offices

New York, N. Y.

Unit of Union Carbide
and Carbon Corporation

Eveready Raytheon ER
224 Screen -Grid Tube. The
4 -Pillar construction perma-
nently holds the four heavy
elements of this super-
sensitive tube in the per-
fect relation which assures

laboratory performance.

When writing to advertisers mention of the PROCEEDINGS wilt be mutually helpful.



When the _Rack Drums B 0111

'. N Haiti, magic island, the beat-
ing of the rada drums sum-

mons the natives to religious
ceremonies. Voodooism, the ancient
ritual of the Congo, is practised and
sacrifices are made to Papa Legba,
the benevolent ; Dembella Oyeddo,
wise and powerful; and to Ogoun
Badagris, the bloody dreadful one
whose voice was thunder.

Here the priest makes the ouanga
packet or charm. A hair from the
central crown of the victim's head
. . . a paring from
the right thumb
nail . . . a small
square cut from a
shirt worn next to
the skin. Muttered
incantations a n d

NEW YORK
LOS ANGELES

cabalistic rites. Marked for death
by the voodoo curse, the victim
died. Or perhaps it is a benevolent
ouanga, for better health or success
in business. Black magic, and the
faith of the black man is deep.

There is no secret charm for the
radio manufacturer in this day of
new developments. Only by pur-
chasing equipment that will meet
the most exacting demands can he
survive a highly competitive market.

Scovill condensers and radio
parts are manufac-
tured in accordance
with the latest and
most efficient sci-
entific develop-
ments, and Scovill

service insures satisfaction.

Every step in the manufacture of Scovill con-
densers is under strict laboratory supervision.

I
MANUFACTURINGCOMPANYUT 

PROVIDENCE SAN FRANCISCO BOSTON
ATLANTA PHILADELPHIA DETROIT
CLEVELAND CINCINNATI CHICAGO

In Europe-The HAGUE, HOLLAND

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

The J. G. White
Engineering Corporation

Engineers-Constructors
Builders of New York Radio

Central
Industrial, Steam Power, and Gas
Plants, Steam and Electric Rail-

roads, Transmission Systems.
43 Exchange Place New York

Amy, Aceves & King, Inc.
Consulting Engineers

DESIGN-TEST-DEVELOPMENT
Radio Transmitters, Receivers and Sound

Reproducing Apparatus

Research Laboratories
55 West 42nd Street, New York

Longacre 8579

Complete Line of
RADIO PANELS, TUBING,
RODS AND INSULATING

MATERIALS
Drilling, Machining and Engraving to

Specifications
TELEVISION KITS, DISCS, NEON

TUBES, PHOTO ELECTRIC CELLS
AND ALL PARTS
Write for Catalog

Insuline Corp. of Amerca
78-80 Cortlandt St., N. Y.

Costlandt 0880

BRUNSON S. McCUTCHEN

Consulting Radio Engineer

17 State Street

NEW YORK

Electrical Testing
Laboratories

RADIO DEPARTMENT
also

Electrical, Photometric,
Chemical and Mechanical

Laboratories
80th Street and East End Ave.

NEW YORK, N. Y.

PATENTS
WM. G. H. FINCH

Patent Attorney
(Registered U. S. d Canada)

Mem. I. R. E. Mem. A. I. E. E.
303 Fifth Ave New York

Caledonia 5331

For EXPORT of material
made by:

Allen D. Cardwell Mfg. Corp.
Clarostat Mfg. Co.
Corning Glass Works
Dubilier Condenser Corp.
Elkon, Inc.
Radio Engineering Labs.
Raytheon Mfg. Co.
United Scientific Labe.
Weston Electrical Inst. Corp.

apply to
AD. AURIEMA, INC.

116 Broad Street, New York, N. Y.

JOHN MINTON, Ph.D.
Consulting Engineer

for
Developing - Designing -

Manufacturing
of

Radio Receivers, Amplifiers, Transform-
ers, Rectifiers, Sound Recording and

Reproducing Apparatus.
Radio and Electro-Acouatical

Laboratory
8 Church St. White Plains, N. Y.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

(Continued)

4th Edition
Thoroughly Revised-Up-to-Date

"RADIO THEORY AND
OPERATING"

992 Pages 800 Illustrations
By MARY TEXANNA LOOMIS
President and Lecturer on Radio

Loomis Radio College
Member Institute of Radio Engineers

Price $3.50-Postage Paid
LOOMIS PUBLISHING CO.

Dept. 6, Washington, D.C.

EDGAR H. FELIX
Broadcast Consultant

Federal Radio Commission cases-Broad-
casting Station sales problems-Special
investigations in visual transmission-
Utilization of broadcasting by advertisers.

8 Doremus Avenue
Ridgewood, N. J.

Our new catalog will be off the
press very soon. Shall we send
you a copy?
Supplies for transmitting and re-
ception.

CHICAGO RADIO
APPARATUS COMPANY

415 South Dearborn St.
CHICAGO

Harrison 2276-7

FERRANTI, Inc.

Consulting Engineers
Audio Amplification

Design -Construction -Advice
*

130 West 42nd St., New York

Radio
Engineers

Your card on this new professional card page

will give you a direct introduction to over 6,500

technical men, executives, and others with im-

portant radio interests.

Per Issue- $10.00
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e ateway..
..thru which Operadio

Products Come/
OPERADIO products are made with

precision. From the engineer's desk to the ship-
ping platform, our aim is "Do the job right."

The Gauge illustration above is used to
check one dimension only, on every Dynamic pole
piece that comes off our screw machines, and it
means what it says-.247" goes and .249" is re-
jected. But this is simply symbolical of the high
standards Operadio has set on all its products.

MANUFACTURING CO., ST. CHARLES, ILL.

When writing to advertieers mention of the PEOCILEDINGS will be mutually helpful.
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"Foresight is better than Hind-
sight" says an old adage.
Time, money and regrets may
be saved by using a little fore-
sight in selecting the condensers
you need for a contemplated job,
whether for receiving or broad-
casting.

Engineers whose judgment is un-
questioned use foresight and se-
lect CARDWELL CONDENS-
ERS, both fixed and variable,
for

-Receivers --
-Commercial, Broadcast and
Amateur Transmitters-

THE ALLEN D. CARDWELL
MFG. CORPN.

81 Prospect Street
BROOKLYN, N. Y.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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BUILT BETTER
CONDENSERS AND RESISTORS

What Is Back of
Such Phenomenal Growth?
STARTING in 1924 with a plant of 4,000 square feet,

the demand for Aerovox products had increased to such
proportions in the early part of 1928, that a plant of 20,000
square feet, working with extra shifts, was sorely taxed to
keep up with orders.

Accordingly in August, 1928,
an additional 10,000 square feet
was added to the plant and by
careful planning of production
schedules, new machinery and
much overtime work, it was
possible to meet on time the
needs of manufacturers and the
trade for Aerovox condensers
and resistors.

With the beginning of the
New Year, 1929, conditions
have again made it necessary to
enlarge the plant and an addi-
tional 15,000 square feet of
floor space, new machinery and
increased working force has
been marshalled to meet the
demands of the trade.

Such a phenomenal growth
which has made it necessary to
more than double the capacity
of the plant in the short space
of six months is hardly acci-
dental. It is simply ample justi-
fication for the pursuance of a
rigid policy of manufacturing
only the best condensers and re-
sistors that can be produced.

The Aerovox Wireless Cor-
poration takes this opportunity
of thanking its many friends
whose confidence and patronage
has made this rapid progress
possible and pledges its faith to
continue to produce the best
condensers and resistors at a
price as low as possible consist-
ent with quality and safety.

SEND FOR COMPLETE CATALOG
Complete specifications of all Aerovox units, including insula-

tion specifications of condensers, carrying capacities of resistors
and all physical dimensions, electrical characteristics and list
prices of condensers and resistors are contained in a complete
catalog 1928-29 catalog which will be sent gladly on request.

AEROVOX WIRELESS CORP:
80 Washington Street, Brooklyn, N. Y.

PRODUCTS THAT ENDURE

When writing to advertieere mention of the PROCEEDINGS will be mutually helpful.
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The Aero
Listening
Monitor en-
ables any am-
ateur transmit-
ter to check
his own note,to know
whether it is
pure D.C. or

not. It is a safe, sure and accurate way
of knowing your station without depending
upon the reports of others. Watching the
ammeter won't help you-you need the

THE AERO WAVEMETER was designed for the radio amateur and the experi-
menter. It is of rugged mechanical and good electrical construction and meet.,
the exacting requirements of the properly conducted amateur station.

Using the principle of the "series gap" condensers, and having a definite fixed minimum
capacity, the amateur wavelength bands are spread over a great many dial divisions. The
velvet vernier dial has 100 divisions, each of which may be read to one -tenth of a division.
The 5 -meter band covers 40 dial divisions; the 10 -meter, 40 divisions; 20 -meter, 17
divisions and the 40 -meter band, 25 divisions. For the 80 -meter band, two coils are
used. One (72 to 82 meters) covers 45 divisions, and the other (80 to 90 meters)
covers 65 divisions.

Each coil, excepting the 5 -meter, uses No. 18 enameled wire tightly wound into grooves
of the bakelite tubing. The tubing has a Vs in. wall and is 2 in. in diameter. The
Aero heavy duty plugs and jacks make positive contact. The heavy brass case has a
black crackle finish. The 3/16 in. black bakelite top is hexagonal shape to prevent
rolling. Each wavemeter is individually hand calibrated. Standard coils are
20, 50 and 80 meters.5- and 10 -meter coils extra. Price $24.00

Aero Listening Monitor
Aero Monitor to be absolutely positive.
The Aero Monitor is a completely shielded
unit encased in a black metal cabinet, size
9 x 51/2 x 21/2 in. Filament and B supply
is included. It operates with a UX-I99
type of tube and employs a stable circuit.
delivering a signal intensity of about R-4
or 5. Equipped with automatic filament
control. The battery supply is thoroughly
shielded from the R.P. A reliable, scien-
tific instrument. Ship. wt., about 21/2 lbs.

Model M-29 Aero Monitor. Including Dry
Batteries, but no :ube. List Price.$15.00

Other new and startling short wave products now in Preparation.
Write for advance information.

fiNpftt ORPlitODUCISINCPORATED
4611 E. Ravenswood Ave., Dept. 2389, Chicago, Ill.

Sa
.1101 A

When writing to advertiser, mention of the l'HocErP[Nus trill be mutually helpful.
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Reproduced above is the calibration curve of Coil No. 3, Grebe Short Wave Receiver

Uniformity of Regeneration Control
A characteristic of the Grebe CR-18 Special
Short Wave Receiver which appeals to the
technical experimenter is the uniformity of
generation controL The curve shown above
gives a clear picture of this feature as ap-
plied to the use of Coil No. 3, for wave
lengths of 28 to 58 meters.

Correspondence is invited on any phase of
short wave reception.

A. H. GREBE & CO., INC.
Richmond Hill, N. Y.

Western Branch:

443 So. San Pedro Street, Los Angeles, Calif.

CFtEll_Efft.
SYNCHROPHASE,

RADIO
MAKERS OF QUALITY RADIO SINCE 1909



Thermionic (Vacuum -Tube)

Voltmeter

A calibrated, readily -portable vacuum -tube voltmeter has
many uses in the laboratory where measurements are being made
at audio and the lower radio frequencies. The Type 426-A
Thermionic Voltmeter with a range of 0-3 volts weighs but 11
pounds (without batteries).

Details
Meter uses the bridge circuit.

Calibrated to within 0.5% in r.m.s. volts.

Calibration good over entire audio -frequency range. Error at 20
kilocycles less than 2% of full scale, at 300 kilocycles less than
3% of full scale.

Small waveform error. A 20% third harmonic produces an
error of only 0.4% in the meter reading.

Batteries may be either external or placed within the cabinet,
only 22.5 volts being required.

GENERAL RADIO COMPANY
Manufacturers of Electrical and

Radio Laboratory Apparatus

30 STATE STREET CAMBRIDGE, MASSACHUSETTS

GEORGE SANTA PUBLISHING COMPANY, IA NASHA, WISCONSIN


