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SUGGESTIONS FOR CONTRIBUTORS TO THE
"PROCEEDINGS"

Preparation of Paper

Form-Manuscripts may be submitted by member and nonmember contributors from any
country. To he acceptable for publication. manuscripts should 1* in English. in Anal
form for publieation, and accompanied by a summary of from 100 to 300 words. Paper
should be typed double space with consecutive numbering of pages. Footnote references
should be consecutively numbered and should appear at the feet 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 he 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
elusions and their relation to present theory and practice. bibliography. The shove
pertains to the usual type of paper. To whatever type a contribution may belong. a dna.
conformity to the spirit of these suggestions is recommended.

Illustrations-Use only jet black ink on white paper or tracing cloth. Cross-section paper
used for graphs should not have more than four lines per inch. If finer ruled paper is
used, the major division lines should be drawn in with black ink. omitting the finer divi
sions. In the latter case, only blue -lined paper can be screwed. Photographs must
be very distinct, and must be printed on glossy white paper. Blueprinted illustrations
of any kind cannot be used. All lettering should le 3/10 in. high for an 11 x 10 in.
figure. Legends for figures should be tabulated on a separate sheet, not lettered on
the illustrations.

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

Abbreviations-Write a.c. and d.c. (a -c and (1-c as adjectives), kc. of, Ktd, e m.f., m.h., 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 conclusions to a nonspecialist in the subject. The
summary should contain from 100 to 300 words, depending on the length of the paper.

Publication of Paper

Disposition-All manuscripts should be addressed to the Institute of Radio Engineers, 33 West
39th Street, New York City. They will be examined by the Committee on 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 as type is not held after publication,
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San Francisco, 469 -25th Ave. Kruger, H. C.
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EDMOND BRUCE
Recipient of the Morris Liebmann Memorial Prize for 1932

Edmond Bruce was born in St. Louis, Mo., on September 28, 1899. He re-
ceived his early education in that city, Cambridge, Mass., Brooklyn, N. Y., andWashington, D. C.

In March, 1917, he left high school to join the U. S. Navy and after servingin various capacities was eventually located at Otter Cliffs, Maine, as chiefradio electrician in the transatlantic communication service.
Upon leaving the navy, he studied at George Washington University in1919 and at Massachusetts Institute of Technology from 1920 to 1924, re-ceiving his batchelor's degree in electrical communication. During these yearshe also did engineering work for the Clapp-Eastham Company.
He entered the services of the Western Electric Company in 1924, and in1925 became a member of the Bell Telephone Laboratories staff with whichorganization he is still associated. He has been engaged in the development ofshort-wave radio receivers and field strength measuring equipment. More re-cently he has specialized in directive antenna systems for short-wave radio com-munication, and it is for his work in this latter field that the Morris LiebmannMemorial Prize was awarded him.
He is a member of the Tau Beta Pi honorary engineering fraternity. Hebecame an Associate member of the Institute of Radio Engineers in 1926,transferring to the Member grade in 1929.
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March Meeting of the Board of Directors

The March meeting of the Board of Directors was held on the 2nd

in New York City, and those present were: W. G. Cady, president;

Melville Eastham, treasurer; Alfred N. Goldsmith, editor; Arthur

Batcheller, 0. H. Caldwell, J. V. L. Hogan, H. W. Houck, C. M.

Jansky, Jr., R. H. Marriott, E. L. Nelson, William Wilson, and H. P.

Westman, secretary.
Applications for transfer to the Member grade in the names of A. V.

Baldwin, A. V. Eastman, and E. C. Nye were approved as were also

eighty-eight applications for the Associate grade and three applications

for the Junior grade of membership.
The Board observed with deep regret the passing of General G. A.

Ferric of Paris who was the latest recipient of the Institute Medal
of Honor, and noted with similar feelings the passing of Secretary F. L.

Hutchinson of the American Institute of Electrical Engineers.

A request from the American Association for the Advancement of

Science for a list of the new members admitted to the Institute during

1930 so that these individuals might be offered membership in the

A.A.A.S. without payment of the regular initiation fee was approved,

the supplying of this list being a part of the duty of the Institute as a

member body of the A.A.A.S.
The Awards Committee submitted its recommendations for re-

cipients 'of the two annual Institute awards. These recommendations

were approved and are as follows:
"That the Institute Medal of Honor for 1932 be bestowed upon Dr.

A. E. Kennelly for his studies of radio propagation phenomena and his

contributions to the theory and measurement methods in the alter-

nating -current circuit field which now have extensive radio applica-

tion."
"That the Morris Liebmann Memorial Prize be given to Edmond

Bruce for his theoretical investigations and field developments in the

domain of directional antennas."
A report on the work of the Emergency Employment Committee

indicated that contributions from the membership totaling $1,800 had

been received. Approximately $1,000 had been spent and the com-

mittee had placed nine members in permanent employment, put
thirty-four in contact with temporary or permanent jobs, and em-
ployed directly forty-eight on a broadcast reception survey in twenty

states.
593
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The Institute was invited to be represented on a newly formed com-
mittee known as the American Committee on the Marking of Obstruc-
tions to Air Navigation, and R. T. Rossi was appointed the Institute's
representative.

An invitation to the Institute to be represented at a celebration of
the One Hundredth Anniversary of the electrical discoveries of
Joseph Henry to be held on April 25th at the National Academy of
Science in Washington, D.C., was accepted, and J. H. Dellinger ap-
pointed the Institute's representative at this function.

As the first Wednesday in April is the day before the opening of
the Twentieth Anniversary Convention in Pittsburgh, it was decided
that the next meeting of the Board of Directors should be held on
Wednesday, March 30th.

Radio Transmissions of Standard Frequency
The Bureau of Standards transmits standard frequencies from its

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

From the 5000 kilocycles any frequency may be checked by the
method of harmonics. Information on how to receive and utilize the
signals is given in pamphlets obtainable on request addyessed to the
Bureau of Standards, Washington, D. C.

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

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

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

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

Proceedings Binders

Binders for the PROCEEDINGS, which may be used as permanent
covers or for temporary transfer purposes, are available from the
Institute office. These binders are handsome Spanish grain fabrikoid,
in blue and gold. Wire fasteners hold each copy in place and permit
removal of any issue from the binder in a few seconds. All issues lie
flat when the binder is open. Each binder will accommodate a full
year's supply of the PROCEEDINGS and they are available at one dollar
and seventy five cents ($1.75) each. Your name, or PROCEEDINGS
volume number, will be stamped in gold for fifty cents (500 additional.

Bound Volumes

The twelve issues of the PROCEEDINGS published during 1931 are
now available in blue buckram binding to members of the Institute at
nine dollars and fifty cents ($9.50) per volume. The price to nonmem-
bers of the Institute is twelve ($12.00) dollars per volume.

1931 Index to the Proceedings

The 1931 Index to the PROCEEDINGS is issued as a supplement to the
January, 1932, issue. The Institute will mail extra copies upon request.
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Committee Work

ADMISSIONS COMMITTEE

A meeting of the Admissions Committee was held on March 2 wit h
A. F. Van Dyck, chairman; H. C. Gawler, C. M. Jansky, Jr., A. V.
Loughren, E. R. Shute, and H. P. Westman, secretary, in attendance.

The committee considered six applications for transfer to the grade
of Member of which four were approved. Of the four applications con-
sidered for admission to the grade of Member, only one was approved.

AWARDS COMMITTEE

The Awards Committee held its only meeting of the year on
March 2 with William Wilson, chairman, and Alfred N. Goldsmith in
attendance. Opinions of two other members of the committee who were
unable to be present at the meeting were available to the committee
in reaching its decision.

The findings of the committee which were approved by the Board
of Directors are given in the report of the March meeting of the Board
of Directors.

MEMBERSHIP COMMITTEE

A meeting of the Membership Committee was held on the 2nd of
March and was attended by H. C. Gawler, chairman; C. R. Rowe, J.
E. Smith, and A. M. Trogner.

The committee agreed that the faculty members of the leading
engineering schools should be circularized advising them of the new
Student grade of membership.

In addition, it was thought advisable to request the executives of
sections to submit the names of those in their sections who are eligible
for advancement in membership grade together with such details as
are necessary in order that the applications may be placed before the
Admissions Committee for consideration.

NEW YORK PROGRAM COMMITTEE

On March 7 a meeting of the New York Program Committee was
held and attended by E. R. Shute, chairman; H. C. Gawler, H. E.
Hallborg, C. W. Horn, R. H. Ranger, J. L. Reynolds, and H. P.
Westman, secretary.

As no New York meeting will be held in April, the committee de-
cided upon the subjects to be covered at the May, June, and September
meetings.
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STANDARDIZATION

SECTIONAL COMMITTEE ON RADIO ASA

Subcommittee on Definitions

Three meetings of the Subcommit tee on Definit ions I vf t he Sectional

Committee on Radio were held on February 11, February 19, and
March 3 in New York City.

The purpose of this commit tee is to review the definitions which
were submitted to the Sectional Committee on Radio by its technical

committees for approval as ASA standards. These definitions were not
approved by the Sectional Commit tee in view of some recent stand-
ards reports issued by a Sectional ( 'ommit tee on Electrical Definitions,
there being some conflict in the two sets of proposed standards. Ac-
cordingly, the committee has devoted its entire time to a consideration
of these two sets of standards and has attempted to set up new stand-
ards which would be satisfactory to both committees.

Haraden Pratt, chairman; C. F. Wiehusch (representing H. A.
Frederick), William Wilson and B. Dudley, secretary, attended the
February 11 meeting.

Haraden Pratt, chairman; R. H. Langley, C. F. Wiehusch (repre-
senting H. A. Frederick), R. M. Wilmotte, William Wilson, and B.
Dudley, secretary, at tended the February 19 meeting.

The March 3 meeting was attended by Haraden Pratt, chairman;
J. Blanchard (representing William Wilson), R. H. Langley, C. F.
Wiebusch (representing H. A. Frederick), Irving Wolff, and B.
Dudley, secretary.

TECHNICAL COMMITTEE ON ELECTRO-ACOUSTIC DEVICES-IRE

A meeting of the Institute's Technical Committee on Electro-
Acoustic Devices was held on March 5 in New York City, those in
attendance being E. D. Cook, chairman; L. G. Bostwick, Benjamin
Olney, and Beverly Dudley, secretary.

The committee continued its examination of the definitions on
electro-acoustic devices which appear in the 1931 Report of the Stand-
ards Committee and recommended a number of changes therein. It
also considered further the possibility of establishing acceptable con-
ditions for the measuring of the acoustic output of radio receivers,
loud speakers, and other electro-acoustic devices. Although the need
for such tests is apparent, it was the opinion of the committee that it
would be impossible at the present time to specify measuring conditions
which would permit measurements having reasonably accurate signifi-
cance to manufacturers of electro-acoustic devices.
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TECHNICAL COMMITTEE ON RADIO RECEIVERS-IRE

The Technical Committee on Radio Receivers of the Institute held
a meeting on March 3 in New York City those present being H. A.
Wheeler, chairman; E. T. Dickey, Lloyd Espenschied, Malcolm Ferris
(representing C. M. Burrill), V. M. Graham, V. Ford Greaves, F. A.
Hinners, R. H. Langley, F. A. Polkinghorn, F. H. Rettenmeyer (non-
member), A. E. Thiessen, L. P. Tuckerman, (representing C. E. Brig-
ham), Lincoln Walsh, E. W. Wilby (representing David Grimes), W. T.
Wintringham (nonmember), and Beverly Dudley, secretary.

The committee considered the problem of interference and se-
lectivity in the broadcast band which confronts the Federal Radio
Commission. It was thought that its new proposed two -signal method
of determining selectivity of radio receivers would throw some light on
a number of interference problems which would be of value both to the
Commission and to the manufacturer of receivers.

The possibility of establishing figures of merit for such receiver
characteristics as frequency range, sensitivity, amplitude -response
characteristics, load capacity, selectivity, generated noise, stability,
and shielding was discussed, and an attempt will be made to incorpo-
rate such in the report of the committee.

It was considered desirable to specify the sensitivity of a radio re-
ceiver in terms of decibels below a reference level of one volt as an
alternative method to the present system of indicating the sensitivity
in terms of microvolts impressed upon the receiver to give standard
output.

The committee continued its review of the material appearing
under the heading "Standard Tests of Broadcast Receivers" and made
a number of suggested revisions therein.

TECHNICAL COMMITTEE ON TRANSMITTERS AND ANTENNAS-IRE

On February 8 a meeting of the Technical Committee on Trans-
mitters and Antennas was held in New York. William. Wilson, chair-
man; J. B. Blanchard (nonmember), W. W. Brown, A. B. Camberlain,
H. E. Hallborg, D. G. Little, Haraden Pratt, Paul Watson, and B.
Dudley, secretary, were in attendance.

It was not considered advisable to attempt to establish standards on
materials used in radio transmitting equipment in view of the limited
knowledge of the characteristics of the various physical materials
when exposed to high field intensities of very high frequencies.

The committee reviewed the section on "Tentative Suggested
Methods of Testing and Rating Radio Transmitters and Antennas"
published in the 1931 report. It made 1 number of changes in this
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section, and in order to facilitate matters several of the members of the
committee were requested to prepare individual reports on specified
portions of this section of the 1931 report.

The committee thought it desirable to include in the next report a
bibliography on frequency measurements.

FOR IMPROVED RADIO BROADCAST RECEPTION

Mr. 0. H. Caldwell, former Federal Radio Commissioner, who is
now Editor of the magazines Electronics and Radio Retailing, has
brought to the attention of the Institute membership a campaign for
improved radio reception which in turn will make for greater popular-
ity in radio, greater sales of new sets, and immediate sales of replace-
ment tubes, parts, etc.

A nation-wide campaign will be started this spring to bring better
radio reception conditions to millions of radio listeners-a campaign
which will prove of tremendous benefit to the listening public, dealers,
jobbers, manufacturers, and broadcasters.

With the help of broadcast stations, newspapers, magazine articles,
etc., the listening public will be reminded and informed of the stand-
ards of good reception which it should be enjoying, to wit:

1. Freedom from noise, clicks, and buzzes
2. Fidelity of tone-"reality"
3. Ability to hear clearly all near -by stations

Every reader will admit that radio reception conditions in millions
of homes and for millions of listeners can be greatly improved through
calls and overhaulings by local dealers or servicemen.

Radio dealers are, therefore, urged to begin at once making can-
vasses of their neighborhoods to improve listener's reception. Such
canvasses and calls will open many opportunities for tube replace-
ment, antenna reconstruction, parts sales, etc., besides leading to sales
of many new sets.

In this work of bringing "satisfactory radio" to customers, the
industry will have its way paved by informative broadcasts over the
great broadcast chains telling the listener about the standards of good
reception he should be getting and by frequent 20 -word reminder
announcements, morning, noon, and night urging the listener to "see
your nearest radio dealer."

All up and down the industry all forces are thus being marshalled
to bring to every home "satisfactory radio" and in this effort every
member of the Institute can help.
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Institute Meetings

BUFFALO -NIAGARA SECTION

A meeting of the Buffalo -Niagara Section was held on February 16
at the University of Buffalo, L. Grant Hector, chairman, presiding.

A paper on "Unusual Features of Broadcast Transmitter Design
and Operation Employed in Station WBEN" by L. C. F. Hoyle, con-
sulting engineer and R. J. Kingsley, chief engineer of WBEN, was
presented by Mr. Kingsley.

The speaker pointed out that the first problem was that of the
location of the transmitter with respect to the area it was intended to
serve and the distribution of population in that area. With these
thoughts in view, the transmitter was located about thirteen miles
north of the Hotel Statler in Buffalo in which the main studios are.
This is a sparsely populated section.

The antenna was designed to give a directional field pattern, and
this characteristic was increased by the erection of a reflector system.
For continuity and flexibility of operation an emergency transmitter
is located at the hotel, and many phases of its operation are automatic
in nature.

Power for the main transmitter is obtained from the Niagara Falls
power station which is supplemented by a steam turbogenerator sta-
tion near Buffalo. Power for the studio and emergency transmitter is
furnished by the latter plant. For emergency purposes a 400 -volt stor-
age battery is maintained at the hotel.

The antenna of the main transmitter is protected from the effects of
heavy sleet storms prevalent in the Buffalo section of the country by
the use of auxiliary apparatus which permits the flow of 110 amperes of
25 -cycle current into the wires for sleet melting during regular opera-
tion. This is made possible through the utilization of suitable chokes
and condensers in the antenna circuit.

The installation of many duplicate pieces of appiratus and the
automatic starting of the emergency transmitter with failure of the
main transmitter insures against most accidents which might happen.
Testing of the transmitter is facilitated by the use of a dummy antenna.

Messrs. Brown, Hector, Horle, Huntsinger, Kingsley, McNaab
and several others of the 66 members and guests in attendance entered
into the discussion of the paper.

The March meeting of the Buffalo -Niagara Section was held on
the 8th at the University of Buffalo, L. Grant Hector, chairman, pre-
siding.
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Henry Argento of the Radio Frequency Laboratories presented a
paper on "High -Frequency Measurements."

The author pointed out the advantages of the reactance variation
method of measurement, especially over the resistance variation
method.

A number of the 32 members and guests in attendance at the meet-
ing participated in a general discussion which followed the paper.

CINCINNATI SECTION

The February 16 meeting of the Cincinnati Section was held at the
University of Cincinnati, and was presided over by C. E. Kilgour,
chairman and W. C. Osterbrok, vice chairman.

The first paper on "A Semiautomatic Device for Recording Va-
cuum Tube Characteristics" was presented by C. G. Felix. The author
presented an outline of the equipment necessary and the time required
in the ordinary methods of obtaining tube chata,cteristic curves point-
ing out the need for apparatus which would make any curve in a short
time, preserve a record of it, and enable direct and rapid comparisons
to be made.

Slides were shown giving diagrams of circuits which would give
regular variations in applied voltages and record the changes which
might be expected in the operating range of a normal tube. The use of
inexpensive equipment arranged in a simple bridge circuit to indicate
such changes with a reasonably high degree of accuracy was also
shown. Photographs of apparatus in use and sample curves as drawn
were presented as illustrations.

The second paper of the evening by C. E. Kilgour and J. M. Gless-

ner was on "Distortionless Output from the Diode Detector." The
theoretical ideal detector was discussed and the action of familiar tubes
when connected as diodes outlined. The effects of such a detector on the
selectivity and the power output requirements which the preceding
circuits must fulfill were covered. The use of diode detectors to obtain
bias voltage for amplifier stages permitting automati0 volume control
and the possible applications of the diode in push-pull and voltage
doubling circuits were discussed.

In closing, the author outlined the causes of distortion present in
such devices and methods of eliminating such. Both papers were dis-
cussed by a number of the 43 members and guests in attendance.

CONNECTICUT VALLEY SECTION

L. F. Curtis, chairman, presided at the January 2 meeting of the
Connecticut Valley Section held at the Hotel Garde, Hartford, Conn.
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"A Blackboard Discussion of Antennas and Transmission Lines"
was presented by E. A. Laport of the Westinghouse Electric and Manu-
facturing Company. Mr. Laport covered the characteristics of trans-
mitting antennas, particularly grounded types such as are used for
broadcast stations. ,The effect of antenna design on directional charac-
teristics and angle of radiation was discussed and a simplified method
of calculating antenna performance devised by the author was de-
scribed. Operating characteristics of transmitting lines, especially
those of the two -wire untuned type were covered and practical operat-
ing data given.

The paper was discussed by several of the 42 members and guests
in attendance.

The February meeting of the Connecticut Valley Section was held
on the 18th at the Hotel Garde in Hartford, Conn., H. W. Holt, vice
chairman, presiding.

"Class B High Power Audio Amplifiers and Modulators" was the
subject of a paper by J. A. Hutcheson of the Westinghouse Electric
and Manufacturing Company.

Mr. Hutcheson's paper covered the use of comparatively small
tubes to obtain large audio outputs by means of class B audio amplifier
operation. Charts illustrating the performance of such tubes were
shown.

At the completion of the talk those present were invited to attend
a demonstration of a 30 -watt class B public address amplifier given at
the offices of the American Radio Relay League in West Hartford,
Conn. Practically all of the 48 members and guests in attendance took
advantage of this opportunity.

DETROIT SECTION

The Detroit Section of the Institute were the guests of the Detroit -
Ann Arbor Section of the American Institute of Electrical Engineers at
a meeting on February 16 held at the Michigan Bell Telephone Com-
pany auditorium in Detroit and presided over by J. J. Shoemaker of
the A.I.E.E. Section.

J. 0. Perrine of the American Telephone and Telegraph Company
presented a paper on "Fundamental Physical and Psychological As-
pects of Television." The speaker who treated the subject in a non-
technical fashion made effective use of apparatus to demonstrate the
points he desired to bring out. He first demonstrated the operation
of a light sensitive cell showing how a beam of light impinging thereon
caused a change in current in an associated electrical circuit. The need
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for vacuum tube amplifiers, scanning disks, and a number of other

pieces of associated equipment was pointed out, and the television sys-

tem as developed by the Bell Telephone Laboratories was described.

The speaker next outlined some of the inherent difficulties encountered

in television, pointing out that although a frequency band of 10 kilo-

cycles *was sufficiently satisfactory for aural radio reception, it cer-

tainly was not satisfactory for television purposes.
The meeting was attended by approximately 400.

Los ANGELES SECTION

E. H. Schreiber, chairman, presided at the February 16 meeting

of the Los Angeles Section held in the Mayfair Hotel in Los Angeles.

A paper on "Aeronautic Radio" was presented by Herbert Hoover,

Jr., consulting engineer for Transcontinental and Western Air, Inc.

In his talk he discussed the development of radio as an aid to

commercial aerial transportation from its inception following the world

war to its present state. Descriptions were given of European equip-

ment and a comparison made with American types. In closing he

pointed out the great efficiency of radio communication in this field

and the excellent cooperation between the various transport operators.

The meeting was attended by 85 members and guests, 30 of whom

attended the informal dinner which preceded it.

NEW YORK MEETING

The March 2 New York meeting of the Institute held in the En-

gineering Societies Building in New York City was presided over by

President Cady and devoted to the subject of "Radio City."

M. H. Aylesworth, President of the National Broadcasting Com-

pany, gave a short introductory address outlining the history of broad-

casting in this country and the part it is playing in modern life. He

then introduced 0. B. Hanson, Manager of Technical Operations and

Engineering of the National Broadcasting Company who discussed

the problems which must be dealt with in the design, construction, and

furnishing of the most modern radio studio project yet undertaken.

The general structural difficulties and their solutions were described

together with the methods of handling sound insulation and absorp-
tion, ventilation, air conditioning, and other services necessary in the

construction of the large studio such as is being built in New York in
"Radio City." In addition to a description of the technical features of
this project, a general outline of its scope was given.

The meeting was attended by 275 members and guests.
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PHILADELPHIA SECTION

At the January 21 meeting of the Philadelphia Section held at the
Engineers Club and presided over by Ralph Hayes, a paper on
"Problems in the Latest Development of Transoceanic Radio Te-
lephony" was presented by Ralph Bown of the American Telephone
and Telegraph Company.

In addition to covering the technical aspects of the transmitters
and receivers for such purposes, the author discussed the relative merits
of the high and low radio frequency transmission channels. The paper
was discussed by a number of the one hundred and thirty-nine mem-
bers and guests who attended the meeting.

ROCH ESTER SECTION

A meeting of the Rochester Section was held on January 14 at the
Sagamore Hotel, George C. Wright presiding.

An historical talk on the growth of wireless from its early conception
to the present-day apparatus including modern improvements was
given by A. E. Soderholm under the title of "Program Service Sys-
tems."

The attendance at the meeting totaled sixty-seven.
A February meeting was held on the 11th at the Sagamore Hotel,

Howard Brown, chairman, presiding.
The evening was devoted to a symposium on the operation of a

broadcast transmitting station. William Fay, manager of WHAM,
spoke on "How a Modern Radio Station Functions"; J. J. Long, chief
engineer of WHAM discussed "Station Operation"; Jack Lee covered
"Topic Production of Programs"; Ben Weaver explained "How Pro-
grams are Sold"; and Lew Stark discussed out the "Pitfalls of An-
nouncers."

It was pointed out that a radio station's duty is to the public and
those in charge must be ever mindful of its responsibility if the station
is to receive general approbation. As can be seen from the titles of the
papers delivered, the details of operation that must constantly be
intelligently dealt with were thoroughly delved into.

In addition to these papers, some vocal numbers were given by
William Fay, Ben Weaver, and Jack Lee. Helen Ankner entertained
with piano selections. All of the entertainers were members of the staff
of WHAM the studios of which station were open for inspection fol-
lowing the meeting.

The meeting was attended by 325 members and guests.
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SAN FRANCISCO SECTION

On February 12 the San Francisco Section held a joint meeting with

the San Francisco Section of the American Institute of Electrical En-

gineers and the Signal Corps Association which was held at the Pacific

Gas and Electric Auditorium and presided over by E. A. Crellin of the

A.I.E.E. section.
A paper on "Overseas Radiotelephone Service of the Bell System"

was presented by W. H. Harrison.
The speaker traced the development of international telephone

service from the earliest beginnings up to the recent radio extensions.

He described the essential features of these radio links both from the

technical and operating aspects and also touched upon their future

possibilities.
The meeting was attended by 600 members and guests of whom 121

were present at an informal dinner which preceded it. Of those in at-

tendance a large number visited the transpacific transmitting station

near Dixon, California, which kept open house the next day for their

benefit.
SEATTLE SECTION

The February meeting of the Seattle Section was held on the 19th,

L. C. Austin, chairman, presiding.
This was a joint meeting with the American Institute of Electrical

Engineers and the attendance totaled over 300.
W. H. Harrison presented at this meeting the same paper that he

presented at the San Francisco Section on February 12.

TORONTO SECTION

A meeting of the Toronto Section was held on the 6th of January at

the University of Toronto, F. K. Dalton, chairman, presiding.

A paper by Weston Wrigley on "Living Conditions in Europe" was

presented and covered conditions observed by the speaker while on a

tour of various European countries. The various outstanding differ-

ences between life in Canada and Europe were outlined.
The second paper of the evening by W. Cook comprised a detailed

account of the various types of radio broadcasts and receivers which

are in vogue at the present time in Europe. This also was the result of

a tour of a number of European countries made by the author.
Messrs. Choat, Fox, McCardle, and Meredith, of the forty-one

members and guests, discussed the paper.

The second meeting of the Toronto Section was held in January
on the 27th in the Electrical Building, University of Toronto, F. K.

Dalton, chairman, presiding.
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Two papers were presented by L. M. Perkins, chief engineer of the
Erie Resistor Corporation. The first of these "Resistors and their Ap-
plication to Radio Sets" outlined in detail the problems involved in the
manufacture of various types of resistors. By means of a cathode ray
oscillograph the instantaneous variations in resistors when subjected to
low and high voltages were demonstrated.

The second paper by the same author on "Amplitude -Frequency
Modulation and Side Bands" was of a mathematical nature illustrated
by slides showing vector diagrams of the amplitude and frequency sys-
tems of modulation and the effects on side bands.

These paper were discussed by Messrs. Andre, Cook, Fox, Oxley,
Smith and others of the sixty-five members and guests in attendance.

A meeting of the Toronto Section was held on February 17 at the
University of Toronto, G. E. Pipe presiding.

At this meeting the paper on broadcast station WBEN by Messrs.
Kingsley and Horle was presented. This paper is the one delivered at
the February 16 meeting of the Buffalo -Niagara Section.

The attendance at the meeting totaled 60.

WASHINGTON SECTION

The February of the Washington Section was held
Continental Hotel on the 11th, J. H. Dellinger, chairman, presiding.

E. G. Lapham of the Bureau of Standards presented a paper de-
scribing piezo-electric oscillators used in the control of the standard
frequency transmissions from the Bureau of Standards. The paper
also included a brief account of the method of measurement at the
Bureau.

It was discussed by Doctors Dellinger, Dorsey and several others
of the 32 members and guests present at the meeting.

Personal Mention
R. C. Ballard, formerly of the RCA Victor Company has become

television engineer for the U. S. Radio and Television Corporation,Marion, Ind.
E. C. Carlson previously with the Radio Corporation of America

has joined the engineering staff of U.S. Radio and Television Corpora-tion.
Lieutenant G. J. Crosby, U.S.N., has been transferred from the

U.S.S. Rochester to the U.S.S. Memphis.
Previously with the Gramaphone Company, F. W. Dawe has be-

come test designs engineer for E. K. Cole, Ltd., at Southend, England.
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Gerald Deakin has left the New York office of the International
Telephone and Telegraph Company to become vice president and

European technical director with headquarters in London.
Formerly with Wired Radio, V. D. Hauck has become a radio

engineer for the DeForest Radio Company.
Previously with the Patent Development Company, C. C. Henry

has become chief engineer of Lear Developments, Inc., of Chicago.

Formerly with the Atwater -Kent Manufacturing Company, V. C.

McNabb has become chief engineer of the Rudolph Wurlitzer Company
in North Tonawanda, N.Y.

John Mauran has left RCA Photophone to join the RCA Victor
staff as liaison engineer.

John H. Miller formerly with the Jewell Electric Instrument Com-
pany is now engineer-in -charge of the radio division of the Weston
Electric Instrument Corporation in Newark.

H. L. Olesen, previously with the Jewell Electric Instrument Com-
pany has become manager of the radio sales department of Weston

Electric Instrument Corporation.
Previously with Philco Products, Ltd., A. M. Patience is now

manager of the radio and electrical division of Hayes Wheels and
Forgings, Ltd., of Chatham, Ontario, Canada.

Formerly technical editor of the Citizen's Radio Call Book magazine,

R. K. Pew has become a development engineer for Grigsby Grunow
Company in Chicago.

-+--010>-0-<411110.---4



OBITUARY

With deepest regret the Institute records the death of

14$ tiztabe A. Jerrie

The death on February 16 of General Ferric has taken from France
and the world not only an outstanding communications and military
engineer but also a personality beloved by all who had come in contact
with him.

It was the privilege of the Institute to present to him in 1931 its
Medal of Honor in recognition of his pioneer work in the upbuilding of
radio communication in France and in the world, his long continued
leadership in the communication field, and his outstanding contribu-
tions to the organization of international cooperation in radio.
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EMPIRICAL STANDARDS FOR BROADCAST ALLOCATION*

BY

A. D. RING

(Senior Engineer, Engineering Division, Federal Radio Commission, Washington, D.C.)

Summary-The method used by the Engineering Division of the Federal Radio

Commission in determining empirical standards of reception, interference, and serv-

ice area is explained, for consideration in connection with the engineering aspects

of the allocation of radio broadcast facilities.
The average good service areas of 100 -watt local channel stations, 250- to 1000 -

watt regional channel stations, 5000- to 10,000 -watt high power regional channel

stations, and 5000- to 50,000 -watt clear channel stations are defined with reference

to the voltage intensity ratio of the desired signal to the undesired signal incidental

to specified mileage and kilocycle separations between stations.
It is pointed out that the empirical standards will be changed when justified by

additional data and further development of the art along the lines of suppression of

sky -wave radiation, synchronization, improvements in reception conditions, etc.
Various tables and graphs are included.

N MAKING recommendations to the Commission and giving testi-

mony at hearings before the Commission on applications for broad-

cast stations in the band 550-1500 kilocycles, the engineering
division of the Federal Radio Commission is confronted with the prob-
lem of going into the details of broadcast allocation engineering. To
insure uniformity, it has been necessary to adopt many empirical stand-
ards of reception, interference, service area, etc., that have not previ-
ously been published. In developing these standards, all sources of in-
formation now available have been used, and as more and more tech-
nical broadcast data are obtained, these standards will necessarily
change. Since many of the standards are also based on present-day
average receiving sets, average standards of listeners, present design
of antennas, etc., they will of course be changed as the art progresses.

The empirical standards set out below were prepared and averaged
upon data obtained from the following sources:

1. Evidence given in hearings before the Commission by expert
radio engineers.

2. Experience of engineers of the Engineering Division, based upon
their personal experiences and observations in the field and on studies
of reports and publications on the subject.

* Decimal classificittion: R007XR550. Original manuscript received by the
Institute, November 11, 1931.
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3. Averages of many hundred field intensity measurements made
by the Radio Division, Department of Commerce.
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Fig. 1-Field intensities of broadcast stations as derived
from formulas and observed values.
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(1) Bell Laboratories-ground wave:
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D

a = 0.0246 for suburban territory in northeastern U. S.
(PRoc. I.R.E., August, 1929)

(2) Hogan-ground wave:
VT,E - 5 . 8 e- D

a = 0.002 for Detroit territory.
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(Testimony before the Federal Radio Commission September 22, 1930,
Docket 790, WWJ)

(3) Hogan-night intensity:

E -2 . 9 VP;
D

(Testimony before the Federal Radio Commission February 18, 1930,
Docket 679, WTMJ)

(4) van der Pol-ground wave:

E = 300 N/Pkw 2 + 0.3p
Dk,

X 2 + p 0.6p1

IrDkm
P - 6.1" oX2k,
(C.C.I.R., Document No. 70, March 31, 1931, prepared by the Interna-
tional Broadcasting Union)

(5) Eckersley-ground wave:
(Paoc. I.R.E., July, 1930)

(6) Eckersley-maximum sky wave:
(Paoc. I.R.E., July, 1930)

(7) Average of day measurements made by U. S. Supervisors of Radio:

(8) Average of night measurements made by U. S. Supervisors of Radio:

(9) Barron-ground wave:
379w-hlfE = (1 a)D

107D

a = 0.01
(Testimony before the Federal Radio Commission June 26, 1931, Docket
1183, WAAT)

(10) Barron-average sky wave:

E
1907rhif cos 0

107D

(Testimony before the Federal Radio Commission, June 26, 1931, Docket
1183, WAAT)

(11) Austin-Cohen-ground wave:

E -30007 a
- aDk.

Dkm xo.6
km

a = 0.0014 for sea water

(C.C.I.R. Document No. 70, February 21, 1931, prepared by the Inter-
national Broadcasting Union)

These curves are plotted for the following values, unless otherwise noted
above:
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tion over a particular area may depart considerably from these values
but to determine that fact the data must be obtained as the result of an
individual study of the station. Beyond about 50 miles from a station,
with the present type of antenna, the field intensity in general varies
("fading") due to natural phenomena. Under these conditions average
values were used.

The problem that is most difficult to solve and at the same time the
most important to consider with respect to service on a channel on
which more than one station operates simultaneously at night, is the
interference range or "nuisance area" of a station. The "nuisance area"
of a broadcast station is here defined as that area over which interfer-
ence may be caused to reception of other stations operating on the same
frequency. Generally speaking, the nuisance area is beyond the service
range of a station and extends to many times the radius of the good
service area. For example, a 1 -kilowatt station has an average good
service radius of approximately 40 miles and a nuisance radius of about
1000 miles. A 1 -kilowatt station located less than 1000 miles from a
second 1 -kilowatt station will have mutual interference that will limit
the good service radius to less than 40 miles.

Interference to broadcast radio reception in its general meaning is

defined as any spurious or extraneous sound accompanying radio re-
ception but as used in connection with this work it refers to objection-
able sounds which are present over 10 per cent of the time. The good
service area of a station is defined as that area in which satisfactory
reception free from interference is obtained at least 90 per cent of the
time.

The field intensities necessary to render good service are divided
into three classes depending upon the noise level of the area to be
served. The nature of the area and the necessary field intensities are
given in Table I as follows:

TABLE I

Area Signal

Business City
Residential City
Rural

10 millivolts per meter
2 4

0.5

For fair service the signal is one-half the above values and for poor
service, one-fourth. The figures are all subject to change if the noise level
is unusual or fading is experienced.

The average distance over which average stations of various powers
can be expected to give the above classes of service are set out in
Table II, as follows :
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Power
(Watts)

50

100

250

500

1 kw

2.5 kw

5 kw

10 kw

25 kw

50 kw

TABLE II

Field Intensity
(millivolts per meter)

10
2
1
0.5

10
2
1
0.5

10
2
1
0.5

10
2
1

0.5

10
2
1

0.5

10
2
1
0.5

10
2
1

0.5

10
2
1

0.5

10
12

1
0.5

10
2
1

0.5

Average Radius
(Miles)

1.4
7.1

13.5
25.5

2.0
10.0
18.5
30.0

3.2
15.0
26.0
41.0

4.5
20.0
33.0
51.5

6.4
26.0
41.0
63.0

10.0
35.5
54.5
81.0

13.8
44.5
67.0
93.0

18.5
55.0
81.0

115.0

26.0
71.0
102.0
140.0

31.5
78.0
120.0
160.0

The distances in Table II were taken from Fig. 2 (Day). The aver-
age of the day reading is taken as determining the service radius of a
station and the average of night readings is taken as determining the
night nuisance radius. The dotted curve is employed to determine the
day nuisance radius. This is not entirely fair as 50 per cent of the night
measurements are above the average night curve and since the nuisance
area is defined as that area where interference is created over 10 per
cent of the time, it is seen from this that the average station may create
interference more than 10 per cent of the time whereas the service range
of a station is determined by service 90 per cent of the time.

General Order No. 40 of the Federal Radio Commission divides
broadcast stations into three classes; namely, clear channel stations,
regional stations, and local stations. The dominant station assigned to
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a clear channel is presumably given sufficient power to provide service
to the large rural areas, and since only one station is assigned to operate
at night on such channels, there is no heterodyne interference from
other stations in the United States. Other stations which are assigned
to the same frequency are restricted in operation to such periods (day-
light and limited time) that no interference will be caused to reception
of the dominant station.

100

10

tsl
1-

2 5

11

-.1 1

2

5

.05

.0I

0 IGH

10 50 100 500

DISTANCE FROM STATION (MILES)

100

I0
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.5

.05

.01

5P00 wilco

Fig. 2-Observed values of field intensities of broadcast stations. (Observations
made by Radio Division, Department of Commerce.) Observed values re-
duced to antenna power =1 kw.

The good service area of a clear channel station is empirically de-
fined as that area which receives a field intensity of 0.5 millivolt per
meter or more. Fundamentally such a station renders service with field
intensities far below this value and consequently to a larger area, but
fading and local interference make the service necessarily of an inter-
mittent character. A field intensity of 0.5 millivolt may be subject to
fading and will undoubtedly be subject to local interference in many
places. The primary purpose of such a station is to serve a center of
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population and a large rural area that is not within the service range
of any other station and cannot be served economically by any other
means than clear channel stations. The power of the dominant clear
channel stations ranges from 5 to 50 kilowatts.

Regional channel stations are divided into two groups, high power
regional stations and low power regional stations. The low power re-
gional stations operate with night power from 250 to 1000 watts. The
high power regional stations are assigned from 5 to 10 kilowatts.

The service area of a regional station is empirically defined as that
area receiving a field intensity of one millivolt per meter or more. In
making up the separation tables, service tables, and in all references to
such stations, this is considered the service area of such stations and
they are not given protection and are not expected to give regular ser-
vice to the area outside this limit. The purpose of the regional stations
is to serve a center of population and a small surrounding area or re-
gion.

The service area of a local station, which is assigned power not ex-
ceeding 100 watts at night, is empirically defined as that area receiving
a field intensity of two millivolts per meter or more. Local stations are
assigned to serve local centers of population and as the field intensity
necessary for good service in populous residential districts is two milli-
volts per meter, this is the extent to which the separation tables pro-
vide for this class of stations.

A summary of the classes of stations and the approximate separa-
tion of stations of the same power, assigned the same frequency which
is necessary to give the class of service indicated, as determined from
Fig. 2, is given in Table III, frequency maintenance assumed to be + 50
cycles per second.

TABLE III

Class of
Station

Power
(night)

Boundary of
Service

Number of
Frequencies Separation

Local 100 w 2 mv/m 6 ' 200 milesRegional 250 to 1,000 w 1 mv/m 40 1,050 milesHigh Power
Regional 5,000 to 10,000 w 1 mv/m 4 2,000 milesClear 5,000 to 50,000 w 0.5 mv/m and ex-

tent of inter-
mittent service

40 Not duplicated

Another factor which must be taken into account in assigning fre-
quencies to broadcast stations is the geographical separation of sta-
tions on adjacent frequencies. The present plan of broadcast alloca-
tions provides for the assignment of stations on frequencies separated
by ten kilocycles. Receiving sets are not at present made which will
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give good quality of reception and at the same time be selective enough

to accept a signal on one frequency and reject a signal of equal inten-

sity having a frequency 10 kilocycles removed therefrom. The selectivity
of receiving sets of different design varies widely. Many confidential
quantitative measurements on receiving sets have been made available

to the engineering division. From a study of the selectivity of radio

receivers and on observation and testimony concerning objectionable
interference, it has been determined that on the average the empirical
values given in Table IV represent the ratio of field intensity of the
desired station to the field intensity of the undesired station, which
should be maintained for good service.

TABI.E IV

Frequency Separation Ratio of Desired to Undesired Signals

0
10 ko
20 ko
30 ko
90 ko

20 to 1'
4.65-0.195 to I.
3 times the selectivity at 10 kc
7.5

15 '

 Frequency maintenance ± 50 cycles per second.

Tables V and VI combine the data given in Tables III and IV with
the data from the curves in Fig. 2 and give the average separation be-
tween stations of different power and class for the same and adjacent
frequencies in order to give the average service area specified above.

Tables III, IV, V, and VI assume that the frequency of all stations
will be maintained to within + 50 cycles per second of the assigned fre-
quency. With all stations maintaining their frequency within 50 cycles
per second of the assignment, the frequency of the average heterodyne
note to be expected between stations would be 50 cycles. Under such
conditions, it is believed that a ratio of desired to undesired signals of
20 to 1 would give satisfactory reception. If the frequency is main-
tained within only 500 cycles per second of the assigned frequency, an
average heterodyne note of 500 cycles would result and a ratio of de-
sired to undesired signal of 100 to 1 would be considered necessary.
This is the condition that will exist until General Order No. 116 of the
Federal Radio Commission is effective.

When the heterodyne note has a frequency of 50 cycles, it is a ques-
tion whether the cross -talk or beat note will be the most objectionable
and it may vary somewhat with the type of receiving set used. A ratio
of 20 to 1 between desired and undesired signals represents a modula-
tion of the desired signal of 5 per cent at 50 cycles or 5 per cent cross-
talk providing each of the stations employ the same percentage of
modulation and have comparable programs. These ratios are consid-
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ered satisfactory for the majority of rural areas where the standard of
reception is not the highest but in the metropolitan areas where pro-
grams may be selected from several stations, it is admitted that this is
not a sufficiently high standard and the service would not he considered
as satisfactory by most listeners.

In determining the mileage separation on adjacent frequencies, in
Tables V and VI, the ratio between the desired and undesired signals
at 10 -kilocycle frequency separation is given as varying from 4.65 to 1
to 0.85 to 1. A study of the characteristics of many receiving sets re-
veals that the ratio necessary to prevent interference varies widely
with different sets. The limit of common commercial broadcast re-
ceivers was found to lie within the ratios of 1 to 10 and 10 to 1. Old
receivers with vacuum tubes of impaired emission, changed tuning,
etc., will undoubtedly be less selective than the new receiving sets
studied. Many reports are now received from listeners complaining of
cross -talk interference and a study of these cases reveals that the separa-
tion is often greater than that set out in Tables V and VI. It cannot be
expected, however, that any plan of allocation will protect completely
the poor grade of receivers and those in improper operating condition.
Likewise, the full opportunities of allocation possible based on the bet-
ter grade of receiving sets cannot be realized but an average must be
used.

As the mileage separation becomes greater, a lower ratio is used
between the desired and undesired signal, varying from 4.65 to 1 down
to 0.85 to 1 on a sliding scale inversely with the mileage separation.
This sliding scale is justified and represents the true condition on ac-
count of the fact that as the separation becomes greater, the consist-
ency with which the interfering signal is received becomes less, due
to the fact that interference is caused by fading signals which are inter-mittent.

The ratios used for 20-, 30-, and 40 -kilocycle separation are based
on a study of many receivers, with an endeavor made to protect a
majority of the receivers located in the proper service areas of stations.
A fixed ratio is used throughout with respect to the ratio used on the
10 -kilocycle separation. All of the separations used in Tables V and VI
are to protect the service areas of stations to the field intensity valuesgiven in Table III ninety per cent of the time under average conditions
and average degree of propagation t hat is encountered throughout theUnited States. It is recognized that the absorption varies widely
throughout different parts of the United States and that the table may
be excessively conservative for certain areas of the country and give
unnecessary protection in other areas. This is taken into consideration
in studying any individual case.
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TABLE V
AVERAGE NIGHT SEPARATION BETWEEN BROADCAST STATIONS RECOMMENDED BY

ENGINEERING DIVISION, FEDERAL RADIO COMMISSION, BASED ON
FREQUENCY MAINTENANCE OF ±50 CYCLES*

Power
Frequency
Difference

in
Kilocycles

50 100
Local

250 500 1 kw
Regional

2.5kw5kw
High Power

Regional

5kw 10 kw 25 kw 50 kw
Clear

Local' 0 140 200 - - - - - - - - --
10 40 52 106 144 196 302 400 444 522 617 697

50 w 20 18 22 39 52 71 107 147 162 197 232 257

30 12 13 31 38 46 60 72 98 120 145 165

40 9 10 28 35 43 57 69 95 117 142 162

10
200 200

109 147 1(79 305 403 4,T7 525 620 700--

100 w 20 22 25 42 55 74 110 150 165 200 235 260

30 13 16 32 39 47 61 73 99 121 146 166

40 10 13 29 36 44 58 70 96 118 143 163

Regional2 0 - - 560 770 1050 - - - - - -
10 106 109 125 163 215 321 419 463 541 636 716

250 w 20 39 42 58 71 90 126 166 181 216 251 281

40
31
28

32
29

39
33

45
36

54
48

68
62

84
74

106
100

128
122

153
147

173
167

0
10

-
144

-
147

770
163

770
170

1050
222

-
328

-
426

-
470

-
548

-
643

--
723

500 w 20 52 55 71 78 97 133 173 188 223 258 288

30 38 39 45 52 60 74 91 112 134 159 179

40 35 36 36 43 51 65 77 103 125 150 170

0
10

-
196

-
199

1050
215

1050
222

1050
230

-
336

-
434

-
478

-
556

-
651

--
731

1 kw 20 71 74 90 97 105 141 181 196 231 265 291

30 46 47 54 60 67 82 99 119 141 166 186

40 43 44 48 51 54 68 80 106 128 153 173

High Powers 0 - - - - - 1500 1950 - - - -
Regional 10 302 305 321 328 336 350 448 492 570 665 745

2.5 kw 20 107 110 126 133 141 155 195 210 245 280 305

30 60 61 68 74 82 96 113 134 156 181 201

40 57 58 62 65 68 75 87 113 135 160 180

le=
1950 - -

18 400 403 419 4-26 434 504 5-82 677 757

5 kw 20 147 150 166 173 181 195 207 222 257 292 317

30 72 73 84 91 99 113 125 151 175 108 218

40 69 70 74 77 80 87 96 122 144 169 189

Cleary
10 444 447 463 470 478 492 504 530 608 703 783

5 k IA 20 162 165 181 188 196 210 222 248 283 318 343

30 98 99 106 112 119 134 151 158 180 205 225
40 95 96 100 103 106 113 122 126 148 173 193

10 522 525 541 548 556 570 582 608 630 725 805

10 kw 20 197 200 216 223 231 245 257 283 305 340 365
30 120 121 128 134 141 156 175 180 192 217 237
40 117 118 122 125 128 135 144 148 154 179 199

10 617 620 636 643 651 665 677 703 725 750 830

25 kw 20 232 235 251 258 265 280 292 318 340 365 390
30 145 146 153 159 166 181 198 205 217 232 252
40 142 143 147 150 153 160 169 173 179 186 206

- -- _ _ _ _ _ _ _ _
18 697.f 700 716 723 731 745 757 783 805 830 850

50 kw 20 257 260 281 288 291 305 317 343 365 390 410
30 165 166 173 179 186 201 218 225 237 252 260
40 162 163 167 170 173 180 189 193 199 206 210

* These separations are calculated to minimize ob'ectionable interference in the good service
areas of stations about 90 per cent of the time approximately as follows:

(1) 50-w to 100-w local channel, 2 millivolts, 7 to 10 miles.
(2) 250-w to 1000-w regional channel, 1 millivolt, 28 to 40 miles.
(3) 5 -kw to 10 -kw high power regional, 1 millivolt, 65 to 80 miles.
(4) 5 -kw to 50 -kw clear channel, 0.5 millivolt, 93 to 160 miles, and extent of intermittent service.
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TABLE VI
AVERAGE DAY SEPARATION BETWEEN BROADCAST STATIONS RECOMMENDED BY

ENGINEERING DIVISION, FEDERAL RADIO COMMISSION, BASED ON
FREQUENCY MAINTENANCE OF ± 50 CYCLES*

Power
Frequency
Difference

in
Kilocycles

50 100
Local

250 500 1 kw
Regional

2.5kw 5 kw
High Power

Regional

Locals

50 w

100 w

Regional 2

250 w

500 w

1 kw

High Power 3
Regional

2.5 kw

5 kw

Clear 4

5 kw

10 kw

25 kw

50 kw

10
20
30
40

0

10
20
30
40

0

{10°
20
30
40

10°
20
30
40

10
20
30
40

0

0
10
20
30
40

10
20

40

0
10
20
30
40

10
20
30
40

0

10
20
30
40

0

0
10
20
30
40

95
37
18
12
9

120
47
22
15
12

155
82
38
31
28

190
100

48
38
35

240
120
59
46
43

285
157

80
60
57

315
187
101

72
69

315
197
109
98
95

380
222
126
120
117

450
242
151
145
142

520
257
171
165
162

120
47
22
15
12

120
50
25
16
13

155
85
41
32
29

190
103

51
39
36

240
123
62
47
44

285
160

83
61
58

315
190
104

73
69

315
200
112

99
96

380
225
130
122
118

450
245
156
146
143

520
260
175
166
163

155
82
38
31
28

155
85
41
32
29

250
101

57
39
31

260
119

67
46
40

310
139
78
54
48

380
176
99
68
62

430
206
120
80
74

430
216
128
106
100

490
241
146
128
122

580
265
171
153
147

660
276
191
173
167

190
100
48
38
35

190
103

51
39
36

260
119

67
46
40

260
126

74
51
43

310
146
85
59
51

380
183
106
73
65

430
213
127
85
77

430
223
135
111
103

490
248
156
133
125

580
268
181
158
150

660
283
201
178
170

240
120

59
46
43

240
123

62
47
44

310
139
78
54
48

310
146

85
59
51

310
154
93
66
54

380
191
114
80
68

430
221
135
92
80

430
231
145
118
106

490
256
167
140
128

580
276
192
165
153

660
291
212
185
173

285
157

80
60
57

285
160

83
61
58

380
176

99
68
62

380
183
106
73
65

380
191
114

80
68

380
205
128
92
75

430
235
149
104
87

490
245
157
130
113

490
270
188
152
135

580
290
213
177
160

660
310
233
197
180

315
187
101
72
69

315
190
104
73
69

430
206
120

80
74

430
213
127
85
77

430
221
135

92
80

430
235
149
104

87

430
247
161
116
95

560
273
187
142
121

560
295
209
164
143

580
320
234
189
168

660
340
254
209
188

5 kw 10 kw 25 kw 50 kw
Clear

315
197
109
98
95

315
200
112
99
96

430
216
128
106
100

430
223
135
111
103

430
231
145
118
106

490
245
157
130
113

560
273
187
142
121

560
283
195
147
124

620
308
217
169
146

710
338
242
194
171

810
350
262
214
191

380
222
126
120
117

380
225
130
122
118

490
241
146
128
122

490
248
156
133
125

490
256
167
140
128

490
270
188
152
135

560
295
209
164
143

620
308
217
169
146

620
330
232
179
151

710
355
270
211
176

810
375
277
224
196

450
242
151
145
142

450
245
156
146
143

580
265
171
153
147

580
268
181
158
150

580
276
192
165
153

580
290
213
177
160

580
320
234
189
168

710
338
242
194
171

710
355
270
211
176

710
375
270
212
181

810
395
290
231
201

520
257
171
165
162

520
260
175
166
163

660
276
191
173
167

660
283
201
178
170

660
291
212
185
173

660
310
233
197
180

660
340
254
209
188

810
350
262
214
191

810
375
277
224
196

810
395
290
231
201

810
410
315
236
205

* These separations are calculated to minimize ob'ectionable interference in the good serviceareas of stations about 90 per cent of the time approximately as follows:(1) 50-w to 250-w local channels, 2 millivolts, 7 to 15 miles.(2) 250-w to 2.5 -kw, regional channels, 1 millivolt, 26 to 55 miles.(3) 5 -kw to 10 -kw, high power regional channels, 1 millivolt, 65 to 80 miles.(4) 5 -kw to 50 -kw clear channels, 0.5 millivolt, 93 to 160 miles.
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All of the average values herein set out must necessarily give way to

actual measurements in any particular case. However, it does not fol-

low that the average measurements do not represent a particular case,

if one or two measurements taken at selected times do not agree. To

show that these empirical and average standards of separation do not

apply in any particular case, requires a series of measurements, extend-

ing over a period of time, which take in periods of known good propaga-

tion. Isolated measurements of field intensities of a station, particularly

at distances greater than 50 to 100 miles from the station, are of little

value when standing alone and do not represent the interference to be

expected from that station.
The above empirical standards are based on the present design of

antennas and average receivers. Improvements in either of these may

permit of less geographical separation without increasing the interfer-

ence and therefore permit a more economical usage of the present lim-

ited number of broadcast channels.
There is considerable research being carried on by laboratories and

stations which will undoubtedly result in improvements in transmis-

sion and reception and make it possible to obtain greater use from the

limited number of broadcast frequencies. The three outstanding meth-

ods by which such improvements may be accomplished are as follows:

1. Reduction in the sky -wave radiation.
2. Synchronization of stations on the same frequency with the

same or different programs.
3. Improvements in receiving apparatus.
Considerable work is being done to develop an antenna that will

discriminate against the sky -wave radiation. At the outset it may de-

velop that this is a hopeless task on account of the fact that the radia-

tion that gives rise to the nuisance radius of a station is at an angle of

15 to 20 degrees with the horizontal and therefore it would be impos-

sible to discriminate between the ground wave and nuisance wave. A

new type of antenna is being erected by two or three broadcast stations

at the time of this writing which is known as the half -wave radiator.

From a theoretical consideration of these structures it would appear
that the high angle sky -wave radiation will be discriminated against
and the ground wave increased which would increase the service radius
by increasing the ground wave and distance to the fading area. Whether
or not this will result in the reduction of the nuisance area of broadcast

stations is problematical.
With the present type of antenna and 50 -cycle frequency mainte-

nance, the ratio of the service radius to the nuisance radius of a one -
kilowatt station is 40 to 1000 or 1 to 25. This is the ratio in area of 1
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to 625. Any development that will permit an increase in this ratio would
be a great step forward. If this ratio could be increased to 1 to 1 (which
is theoretically impossible, as the minimum signal determines the ser-
vice area and the maximum the interference) there would be available
facilities for many more stations. Synchronization of stations in its
ideal consideration does not offer the advantages that are ideally con-
ceivable if this ratio could be accomplished. A combination of the re-
duction of sky wave and synchronization will probably be the nearest
approach to the ideal solution.

Development is being done on complex structures of a height not
in excess of one-fourth wavelength to reduce the sky-wave radiation.
The results reported and observed by the engineering division on these
structures in the broadcast band have not been very satisfactory. The
space and subject of this paper do not permit a further discussion onthe need and advantages that may be accomplished from improved
radiators.

Several tests have been conducted on the synchronization of broad-
cast stations to accomplish greater and improved service on a given
channel without increasing the interference. These tests have been con-
ducted mostly with stations employing five kilowatts or greater and so
closely separated that it was necessary to use the same program at all
times. Observations on these tests reveal that wherever the signalstrength is of approximately the same intensity, objectionable distor-tion is encountered. If the terrain were entirely uniform between the
stations, this area might be restricted to a narrow band, but as obstruc-
tions such as buildings, hills, etc., cast shadows of reduced field inten-sity in a direction opposite the station, and on the approach side of
such obstructions there is no reduction in the field intensity, these areas
are approximately equal in intensity and may be widely scattered and
may be near one of the stations. Another system of synchronization
that is being considered and in operation in one case, consists of a largestation and a small so-called booster station located in a center ofpopulation where the signal from the larger dominant station is not suf-ficient to render good service. The power of the so-called booster sta-tion is restricted to just sufficient to cover satisfactorily the center ofpopulation, and accordingly does not give rise to the large rural areasof approximately equal signal intensity and the resultant interferencein these areas.

Improvements in the selectivity of receiving sets will permit of plac-ing stations on adjacent frequencies at less mileage separation. Certaintypes of receiving circuits are inherently more selective than othertypes. The Commission has no control over receiving sets and there-
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fore the empirical standards set out above are made considering the

receivers now in use. There is one type of receiver being sold rather ex-

tensively at the present time that is considerably inferior to what is

considered the average receiver on which the above standards are
based. All such receivers may experience difficulty in separating sta-

tions that otherwise could be received with satisfactory reception.
While broadcasting is ten years old, the accumulation of accurate

data concerning its greatest problem, allocation, is very small. Many

experiments need to be started and many started need to be com-

pleted. The most efficient use possible must be made of all facilities

and it is only by the use of more accurate data which must first be

obtained, that it will be possible to meet this requirement.
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ACOUSTICAL AND ELECTRICAL POWER REQUIREMENTS
FOR ELECTRIC CARILLONS*

BY

A. N. CURTISS AND IRVING WOLFF
(RCA Victor Company, Inc., Camden, N. J.)

Summary-The importance is shown of making noise level measurements in
order to determine the acoustical or electrical power necessary to blanket any given
area with satisfactory music. Measurements were made on the bells of the Valley
Forge carillon, over a wide area using a sound meter and a local variable noise making
machine. These data gave the necessary relations between noise level and satisfactory
music and were used to calculate the acoustical and electrical power requirements.
Two methods of making noise level measurements particularly suitable for acoustical
surveys of this kind are mentioned. With the measured and calculated data, curves
have been drawn up which permit rapid calculation of the audio power requirementsfor any given noise level and for various coverages.

THE value of the acoustical power necessary to give pleasing
sound and of the required ratio of the electrical power to the
acoustical power are of prime importance in determining whether

a large outdoor loud speaker installation will give satisfactory perform-
ance. An answer to this question has become vital in the installation
of electric carillons.

A great deal of work has been done on the tone quality of these
electrical bells to make the fundamentals and partials similar to that
of a high quality set of true bells. As a next step, it was necessary to
produce satisfactory volume over whatever area the installation is re-
quired to cover. Since the electrical installation is not limited in its
acoustical output in the same way as a mechanical musical instrument,this may mean that a great deal more acoustical power will be radiated
in certain cases than would come even from a large set of bells.

In determining the acoustical power to be radiated by the bells,the prime considerations are the distance to be covered and the sur-rounding noise level to be overcome. A number of bell installations
have been made in this country and abroad where it has been difficultto hear the bells with pleasing results because of a high surrounding
noise level. Sometimes the towers were built too high and the sound wasattenuated sufficiently to make listening difficult in the normal noiselevel even for listeners who are close to the tower. Good examples ofthe difficulties encountered are given by several installations in large

* Decimal classification: R590. Original manuscript received by the In-stitute, January 26, 1932. Presented before New York meeting, January 6, 1932.
626
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cities, where the pleasure that should be obtained from the very fine

set of bells is materially lessened by the difficulty of listening to the
rather weak sound with the high surrounding noise level due to a large

amount of automobile traffic and other miscellaneous noises.
It is the purpose of this paper to determine first, by experiment, the

acoustical power radiated by a true set of bells; second, the sound

Fig. 1-Sound meter showing acoustical calibrator.

which must be produced by these bells to give pleasing music in the
presence of any specified noise level; and third, the electrical power re-
quirements which are necessary to give this sound level at any specified
distance from the bells and in the presence of any measured noise. In
order to put the final object of the experiment in practical form, the
results of these data have been drawn up on easily handled curves
which should indicate rapidly the audio power requirements, and sim-
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ple portable apparatus has been developed for making the necessary
noise measurements.

PROCEDURE

It was necessary first to locate a set of bells which would give satis-
factory data for the calculations. It was also evident that a fairly quiet
location would be best so that a wider range of noise could be studied.
There are several very good carillons in and around Philadelphia, but
the best location for test purposes was found at Valley Forge Park,
Valley Forge, Pennsylvania.

There are thirty-six bells at the present time in the carillon at
Valley Forge, ranging from A sharp below middle C to A sharp three
octaves above. They were made by the Meneely Bell Company of
Troy, New York. The bells sound very well. In the lower register they
are somewhat muffled and the upper bells are a little uneven in volume,
which is typical of almost any set of bells. A list of the bells with their
weight is included in the appendix to this paper and is presented to
indicate the approximate type.

The bells were mounted in an open structure tower with the heavi-
est bell about twenty feet from the ground, and the highest pitched
bell about forty feet. The tower is located on the top of a small hill, in
a grove of trees. The Valley Forge chapel stands about twenty feet
away and partially blocks the sound in one direction.

MEASURING EQUIPMENT

A portable sound measuring meter' was used to determine the in-
tensity of the bells and the surrounding noise. (Figs. 1 and 2.)

This meter is of the type known as RCA Victor TMV-26, and is
similar in its general principle of operation to some which have al-
ready been described and used for noise surveys and the study of ma-
chinery noise.2

It consists of a permanent magnet ribbon microphone to pick up
the sound followed by sufficient amplification to give a Teasonable de-
flection for low intensity sounds on a vacuum tube voltmeter. The
over-all frequency response is adjusted so as to correspond with the
pure tone sensitivity of the ear as determined by Kingsbury.3 Since thesensitivity of the ear as a function of frequency depends on the inten-sity of the sound, two positions are made available-one correspondingto a sound intensity approximately 70 db above the threshold of audi-

t This sound meter was designed by Frank Massa of RCA Victor Company,Inc.
2 For good review and bibliography see E. E. Free, Jour. Acous. Soc. ofAmer. 2, 18, 1931.
8 B. A. Kingsbury, Phys. Rev., 29, 588, 1927.
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bility at 1000 cycles, and the other approximately 40 db above this
threshold. The latter is used when weak sounds are encountered, and
the former for intense sounds. The vacuum tube voltmeter is so con-
structed that its response follows the square law over the useful range

Fig. 2-Sound meter assembled showing wind screen.

so that the energy of the composite sound, weighted in accordance with
the pure tone frequency response at either 70 db or 40 db, is what is
measured.

At its maximum sensitivity, the instrument can measure sound ap-
proximately 20 db above the threshold of audibility, and sufficient at-
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tenuation is supplied so that any louder sounds which are encountered
can be determined. A schematic diagram of the apparatus is shown in
Fig. 3. The output of the microphone is fed to a two -stage amplifier and
then to an attenuator which is calibrated in decibels. This is followed
by another tube and a switching arrangement which permits transfer
from the 40 db to 70 db level. This is followed by another volume ad-
justment which permits the sensitivity of the whole system to be ad-
justed to some predetermined value as we shall describe. The final stage
is followed by the vacuum tube detector and a switching arrangement
which permits the amplifier output to be carried to some external bind-
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Fig. 3-Schematic diagram of sound meter;

ing posts instead of to the detector for frequency analysis of the sound
impressed on the microphone, if such is desired.

In order to calibrate the instrument, a standard sound is suppliedwhich is placed at a predetermined distance in front of the microphone.
This sound is generated by a pitch pipe actuated by constant air pres-sure. The constant air pressure is obtained by having a relativelyheavy piston drop under the force of gravity in a cylinder in which thepitch pipe is the only outlet. The pressure supplied to the pitch pipe is
thus always equal to the superficial weight of the piston since its weightis made sufficient so that friction encountered in falling can be neg-lected.
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The process of using the sound meter is as follows:

The acoustic calibrator is attached to the microphone in its speci-

fied position and the attenuator is adjusted until some convenient
reading is obtained on the vacuum tube voltmeter. The sound level
supplied by the pitch pipe at its frequency has been determined by a
laboratory experiment. The zero adjustment of the amplifier is turned
until the reading of the attenuator, plus that of the vacuum tube volt -
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Fig. 4-Plan of location where measurements were made.
From bell tower From bell tower

Distance to A-185 feet Distance to C-370 feet
Distance to B-370 feet Distance to D-345 feet

( 7 )

meter, equals the sound intensity which is supplied by the acoustic cali-
brator. The calibrator is then removed from the microphone and the
equipment is ready for use.

In making sound measurements, the attenuator is turned to some
position so that the vacuum tube voltmeter is at a position approxi-
mately in the middle of the scale and readings of the vacuum tube
voltmeter are made and added to that of the attenuator setting to de-
termine the loudness of the sound.

TESTS

The sound measuring meter was taken to Valley Forge Park, where
four locations were chosen to make measurements. These positions are
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shown in Fig. 4. At each of these points the maximum intensity of bells
in the lower register, middle register, and upper register was measured.
Average and maximum readings during the playing of a short tune
were noted. The noise level was also determined at each point. At posi-
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Fig. 5.

tion D, by means of an auxiliary variable noise making machine, meas-urements were made to determine the highest noise level at which themusic produced by the bells could be called satisfactory. The variablenoise making machine was the motor of a Model A Ford. The observer,
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as well as the microphone of the noise measuring meter, was stationed

about three feet from the source of the noise.
After completion of these tests, an audibility test was made on the

bells at various distances up to one and one-half miles. At distances of

1,2
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one -quarter mile, one-half mile, one mile and so on, data were taken as
to the satisfactory audibility of the bells. The intensity of the noise
making machine was varied at each one of the points until the bells
were just satisfactory, and then just inaudible, data being recorded of



634 Curtiss and Wolff: Requirements for Electric Carillons

said noise level, and condition of audibility. Owing to the fact that the
sound produced by the hells approached that of the general noise level,
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Fig. 7.
Figs. 5, 6, 7 Conversion curves from decibels above zero intensity level corre-sponding to 0.0005 bar, to sound pressure, energy density, and energy fluxdensity. The zero level corresponds approximately to normal threshold ofaudibility at 1000 cycles.

direct measurement of the bell sound intensity was impossible at thegreater distances.
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DATA

After the completion of the above tests, the data were tabulated as
shown in Table I. The first two columns give the position, and the reg-
ister of the bells tested. The third column is the direct reading of the
sound meter made in the field.

TABLE I
SOUND DEVELOPED DT THE BELLS AT VARIOUS POSITIONS AND RADIATED ACOUSTICAL. POWER

Position Bell Intensity
in decibels

Sound pressure
in bars

Energy (flux
density ergs) Watts

A Low 62 0.65 0.01 0.2

High 72 2.00 0.10 2.0

(185 feet) Middle 67 1.20 0.03 0.65
Hour 65-66 0.95 0.02 0.45

B Low '60 0.50 0.006 0.50
High 53 0.25 0.0012 0.10

(370 feet) Middle 59 0.60 0.005 0.40
Tune 60-66 0.60 0.025 0.80

C Low 56 0.30 0.002 0.20
High 55 0.30 0.002 0.16

(370 feet) Middle 63 0.70 0.0012 1.0
Tune 54-65 0.25-0.90 0.0015-.02 0.12-1.6

D Low 61 0.60 0.008 0.55
High 56 0.30 0.0025 0.17

(345 feet) Middle 61i 0.60 0.009 0.62
Middle 64 0.80 0.016 1.10
Hour 56 0.30 0.025 0.17
Tune 56-65 0.30-0.90 0.025-0.02 0.17-1.4

Noise Level
(Objectionable) 64 0.9
Idling Motor 56 0.30

Poor reading because of passing truck.

As the measurements were taken in decibels above a specified zero
level, it is necessary, before making calculations, to convert to sound
energy flux density or pressure. Columns four and five, taken from Figs.
5, 6, or 7, show this conversion. Figs. 5 to 7 show the relations between
decibels above zero level of 0.0005 bar, sound pressure, energy density,
and energy flux density and allow any one of these quantities to be de-
termined in terms of the others.

The last column in Table I is acoustical watts radiated by the bells
which has been determined by using information 'n the fifth column
and is based on the assumption that the energy radiated by the bells
is almost the same in all directions in a hemisphere, leading to the equa-
tion

R2 X 27r X Energy Flux Density
Acoustical Watts - (1)

107

in which R is distance in centimeters between the bell and the point of
observation, and the energy flux density is measured in cgs units.

Table II gives a résumé of the data, showing the audibility of the
bells at different distances, and various noise levels. The average noise
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TABLE II
RELATIONS BETWEEN DISTANCE, NOISE LEVEL, AND AUDIBILITY

Position Distance Noise level Audibility
E t mile 30 to 40 db Very goodE t mile 56 db Almost satisfactoryE 1 mile 64 db InaudibleF 1 mile 30 to 40 db GoodF 1 mile 56 db Almost inaudibleG 1$ mile 30 to 40 db Just audibleG 1} mile 56 db Inaudible.D 345 feet 64 db Highest noise level

which is satisfactory

level created by various sounds such as the wind, leaves, birds, in-
sects, and rumble of machines in the distance was about 30-40 db at
Valley Forge. Under the conditions of measurement, this was there-
fore the lowest noise level at which the sound from the bells could be
studied. A Ford motor idling at three feet caused 56 db noise. When the
motor was running about half speed the noise created was 64 db.
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Fig. 8-Maximum sound developed by the bells at various distances.

CALCULATIONS
We must now determine the sound which must be produced by thebells or electric carillons in order to overcome various noise levels which
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may be present and give audible and pleasant musical reproduction in

spite of this noise level. There were no data available on this subject so

that the series of tests which were made at Valley Forge were used as the

basis for this computation. A comparison of columns 3 and 4 in Table II

gives the relation, as determined experimentally, between the audi-
bility of the bells and the noise level. At distances remote from the
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bells, as has been explained previously, a measurement of the intensity
produced by the bells was impossible, due to the fact that the noise
level was being approached. In order to use the data which were taken
at these points, the assumption has been made that the inverse distance
law holds for the pressure produced by the sound wave. While this as-
sumption cannot be entirely correct, evidently due to the rather rolling
contour of the land over which the sound had to pass, it seems to be
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the most logical one to make in order to determine approximately the
minimum intensity of sound which will give satisfactory music. Since
we are ultimately interested in determining the power which the elec-
trical amplifier must handle in order to give satisfactory sound, we have
expressed these results in terms of the maximum intensity produced by
the bells.

In Fig. 8 we show a curve taken from the measured data and for the
more distant points assuming the inverse square law, giving the maxi -
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mum sound intensity produced by the bells at various distances. Usingthis curve and the data in Table II, the desired relation between noiselevel and necessary sound intensity to be produced by the bells hasbeen obtained. (Fig. 9.)
Assuming that the bells radiate uniformly into a hemisphere, thecalculations of the acoustical power which is necessary to supply thissound intensity at a specified distance is a simple matter with the aidof equation (1) and Figs. 5, 6, and 7.
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Measurements which have been made on large high powered sound
projectors for outside use indicate that an effective efficiency over a cir-

cular region of 12.5 per cent may be obtained. This takes into account

the directional characteristics of the loud speakers. The power which

the electrical amplifier must. handle to produce the requisite sound in -
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tensity is equal to the acoustical power, as computed, divided by this
efficiency.

As an example of the electrical power which must be handled in
order to supply satisfactory music at various distances and to overcome
some common noise levels, some results have been computed using the
above methods and are shown in Figs. 10, 11, and 12. An idea of the
noise represented by these levels in comparison with some common
noises may be obtained by reference to Table II in the appendix.
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SUBSTITUTE NOISE MEASURING DEVICES
At times the accuracy of sound measurement, which is obtainable

with the sound meter, is not required, and cheaper and simpler equip-
ment can be used for making the preliminary noise surveys. A system
using a simple tuning fork has been suggested by A. H. Davie and can
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Figs. 10, 11, 12-Relations between maximum sound intensity to be developedby the bells at a specified location, distance from the source and electricalpower required.

be used to obtain a good approximate determination of the sound level.
If the tuning fork has been carefully calibrated by comparison with the
sound measuring meter, it can be used with some degree of success.

When a tuning fork is struck with a mechanical striking mechanism,
which insures a uniform striking blow, the sound energy emitted by the

A. H. Davis, Nature, 125, 48, 1930.
E. E. Free, Jour. Acous. Soc. of Amer., 2, 18, 1931.
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fork dies away at a logarithmic rate. The length of time that its vibra-
tions are audible after striking will depend, if everything else is fixed,
only on the surrounding noise level. This time is a measure of the deaf-
ening effect caused by the noise. Since there is an approximately con-
stant difference of 15 decibels between the noise level and the minimum
sound level in the middle range which can be heard in the presence of
the noise, the tuning fork can be used to measure noise leve1.5

Assume that the fork is struck with the same intensity and held at
some fixed distance from the ear at all times so that a sound intensity /0

is generated at the ear. The intensity due to the fork at any subsequent
time may be expressed as:

/ = /0X 10 -.1°. (2)

Where Jo is the intensity immediately after striking, b is a decay
constant in decibels per second, and t is the time after striking in
seconds. In order to express sound level in the usual manner in decibels
with respect to a zero level close to threshold, divide both sides of the
equation by the zero level intensity IT, then take the logarithm to the
base 10 and multiply by 10

o

10 Log
I
-= 10 Log

l- - St (3)
IT If

Loudness level in decibels above threshold = initial loudness level
in decibels -St (3a). In a perfectly quiet room the sound from the fork
will die away to inaudibility at the threshold of hearing for the fork fre-
quency. If the noise is present, the ear of the listener will be effectively
deafened and the sound will become inaudible in a shorter time. The
loudness level of the sound supplied by the fork at cut-off will be ap-
proximately the noise level minus 15 decibels, for the noises near the
middle of the sound intensity range.

Using the equation which has been developed for the loudness of
sound supplied by the fork

Noise level = initial fork loudness level - St + 15 (4)

when all quantities are expressed in decibels.
In order to determine the noise level, therefore, the initial fork

loudness level, the decay factor and the time of audibility must be
known. Time of audibility is easily determined with a stop watch.
Several forks of a series of frequencies should be used so that peculiari-
ties in the noise spectrum will not destroy the accuracy of the results.

R. H. Galt, Report of N. Y. C. Noise Abatement Commission, 1930,
page 146.

R. S. Tucker, Report of N. Y. C. Noise Abatement Commission, 1930,
page 157.
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The forks used in outdoor measurements are C-256 cycles and
C-512 cycles. They have mechanical strikes which permit a constant
initial intensity. The decay of the forks has been accurately de-
termined in the acoustic laboratory, by holding the fork a constant
distance in front of the microphone of the sound measuring meter, and
noting meter readings at specified time intervals. The decay character-
istic of a C-512 cycle fork is shown in Fig. 13. This curve gives the value
of (5 for (4) as approximately 0.54 decibel per second.

/0

2S

I.

do

IS

4.,

4S.

a
0

SS

fo

456-

A vtA.ner, P. DECAY /"W,447 ACrA, AVJ
4, nIA/i,v /5.,:ht

v a...rr».ric
Mir.0

5

TIC

BY
ENE

75-

(90

Do T/ME AF:AVA-1/1.:G iaovr IA' Sec o.v..0 /0 20 3o 44o .527 " .6o r 7o 80 90 /00 /42 /to .Jo Igo o 160
Fig. 13-Average measured decay characteristic of a 512 -cycle tuning fork.

The initial loudness produced by the fork at the ear must be ob-tained by trial and computation. This value, of course, will vary some-what with individuals due to differences in ear sensitivity, although for
normal persons under normal conditions the ear sensitivity is constantenough. The sound measuring meter is used in a quiet room to cali-brate the fork for any specific person, in conjunction with methods for
generating various noises. The noises are calibrated in intensity and thetuning fork is struck and timed for inaudibility. Using several differentvalues of intensity of noise, and having measured these by the sound



Curtiss and Wolff: Requirements for Electric Carillons 643

meter, a value of the initial fork loudness level for that person may be

computed. Several such tests and curves should be made and an aver-

age curve struck for each individual. A curve for two individuals is

shown in Fig. 14.
Care should he taken in using the fork to see that it is held the same

distance from the ear for all tests. The fork should also he waved hack

and forth in front of the ear, because the ear becomes "paralyzed" if

the fork is held in a stationary position. When making measurements,
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Fig. 14-Relations between noise level and the time of audibility of tuning forks
for two observers.

several tests should be made at each location and the average taken
because of variations caused by wind and various passing elements.

In order to illustrate the use of the tuning fork method of noise
measurement and the curves which are used, the following example is
given:

Suppose it is desired to make an installation ofelectric bells, which
are to be heard satisfactorily over an area described by a circle whose
radius is one thousand feet. The information required is the necessary
electrical power input to the speaker.

At several points on the circumference of this circle, tests are made
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with the tuning fork, under normal conditions of noise. The tuning
fork is struck by the mechanical device and the time necessary for its
sound to die away to inaudibility is determined by a stop watch. This
test should be repeated several times and the average time recorded.
Suppose the average time is seventy-eight seconds. From the curve in
Fig. 14, it is noted that the noise level for this time is 60 decibels. Re-
ferring to the curve in Fig. 9, we find that for a noise level of 60 de-
cibels, the sound level for satisfactory audibility is of the order of 65
decibels. We take this value and go to one of the curves of comparison
of noise level, distance, and electrical watts input. For a level of 65
decibels, we shall use the curve in Fig. 11. The distance from the source
is 1000 feet, and the electrical power input required is 90 watts.

RESULTS

With the two methods described for the measuring of noise level and
the calculations and curves submitted in this paper, the required elec-
trical power can be easily computed.

Curves 10, 11, and 12 in this paper have dealt with four directional
loud speakers covering a circular area. Cases may arise in which only a
semicircular area should be blanketed, in which case only two speakers
would be used. Only half the power would be required for this two -
speaker installation. Other special cases which arise may be handled
with similar procedure to that used for the four -speaker installation.

Outdoor installations of any kind should be carefully surveyed in
this manner to determine the actual requirements to give satisfactory
audible results. Of course, this procedure is not limited by any means to
outdoor tests alone. With certain modifications of computation this
type of acoustical survey may be used quite readily for the engineering
of indoor loud speaker installations.

The wide variations of electrical and acoustical power required, as
shown by our data, with changes in noise level and area to be covered
by the sound, shows the necessity of a careful survey of the area and
location to be covered by the installation.

A statement of the acoustical power radiated by a set of bells or
electric carillons is a fundamental characterization. Very little informa-
tion, however, as to the performance to be expected in a specific loca-
tion is given unless the noise conditions of the location where it is to be
installed are also known.
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APPENDIX

In order to show the type of bells on which these tests have been

based, the first table of Appendix I lists the bells at Valley Forge with

their respective tones and weights.

APPENDIX I
DATA ON BELLS or THIS VALLIST FOROIC CARILLON

Number Tone

2
3
4
5

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

A sharp
B
C
C sharp
D
D sharp
E

F sharp
G
G sharp
A
A sharp
B

C sharp
D
D sharp
E

F sharp

G sharp
A
A sharp
B
C
C sharp
D
D sharp

F
F sharp

G sharp
A
A sharp

Weight in Pounds

s000
6400
5600
4 800
4000
3200
2800
2400
2000
1600
1300
1100
1000
800
700
600
500
400
350
325
275
225
200
175
150
125
115
100
90
80
72
65
56
50
42
35
30

 No. 4 bell missing-Total weight, 49,760 pounds.

Appendix II is a list of common noises with their respective inten-
sities in decibels taken from the report of the New York Noise Commis-
sion.

By reference to the appendix and Fig. 9, a preliminary estimate of
the power required to overcome certain common noises may be ob-
tained.
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APPENDIX II
COMPARATIVE NOISE LEVELS-VABIOUB TYPES OF NOISE AND ITS INTENSITY IN DECIBELSSource of Sound Decibels

Just Audible Level 0Rustle of Leaves in Gentle Breeze 10Average Whisper 23Average Residence 33Average Business Office 50Passenger Automobile (15 to 50 feet) 65Motor Trucks (15 to 50 feet) 75Heavy Street Traffic 82Subway Noise 96Loudest Automobile Horn 106Motor and Propeller of Plane (18 feet) 115Level of Painful Noise
130Other Sources

Quietest Residence Measured 24Countiy Residence
27Average Residence
31Quietest Non -Residential Measured 34Average of 6 Factory Locations 68Some Factories
85Very Quiet Radio in Home 40Very Loud Radio in Home 80

 Taken from "City Noise" by Noise Abatement Commission, New York City.
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MICA CONDENSERS IN HIGH -FREQUENCY CIRCUITS*

BY

I. G. MALOFF
(RCA Victor Company, Camden, N. J.)

Summary-Mica condensers have a variety of uses in high -frequency circuits.

They are called upon to store electrical energy, block direct current, by-pass high -
frequency current, etc. Each of these functions is discussed in detail. Conventional
construction of mica condensers is described. A method of arriving at satisfactory
ratings is shown. The following examples are worked out:

1. Calculation of requirements for tank condenser bank.
2. Calculation of rating of a given condenser.
3. Calculation and choice of a proper bank of condensers for a tank circuit

with 100 per cent modulation.

ICA condensers are widely used in construction of high -fre-

quency apparatus. Wherever either a small size for a rela-
tively high capacity is desired, or a condenser with low power

factor, or a condenser for very high operating voltage is needed, or all
of these requirements together are to be satisfied, mica condensers are
first to be considered. They are used extensively in radio transmitters,
also in high -frequency furnaces, carrier current communication sys-
tems, transoceanic telephone systems, etc. In radio receivers their
most important application is for tuning of the intermediate stages of
superheterodyne sets. With the advent of the thyratron and the general
invasion of the industrial field by the thermionic devices, the use of
mica condensers is increasing every day. The purpose of this paper is to
outline the performance of mica condensers in high-frequency, high
voltage circuits and to describe their construction, manufacture, uses
and selection in connection with design of high -frequency apparatus.

There are several distinct functions that a mica condenser in a
high -frequency circuit may be called upon to perform. The first, and
by far the most important one, is to condense or to store electrical
energy in an electric field. Such is a function of the tank condenser in
an oscillating circuit, an antenna coupling condenser, also of a carrier
current coupling condenser. The second function is to block direct cur-
rent from flowing into a circuit while allowing passage of alternating
current. The third function is to prevent alternating current from flow-
ing through resistances, meters, and other apparatus and by-passing

* Decimal classification: R381. Original manuscript received by the Insti-
tute, November 9, 1931. Presented before Rochester Fall Meeting, November
9, 1931.
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it around them. The fourth is to reduce the ripple of pulsating current,
such as in rectifier networks.

All of these functions will be understood more clearly after going
into the construction of a mica condenser somewhat in detail.

The main material entering into the construction of mica conden-
sers, as the name implies, is mica. The word mica is used as a name for
a group of minerals which are characterized by a laminated structure,
resistance to high temperatures, and relatively high transparency. All
this group consists of a combination of aluminum silicate with either
some alkali or iron and magnesium. Muscovite and paragonite are
examples of alkaline mica, while biotite is an example of ferromag-
nesian mica.

Mica is a mineral and is found in many different countries. Until
recently, the general opinion held that only Indian mica from the
Bengal province was suitable for the manufacture of mica condensers.
Recently published results of tests made by the Bureau of Standards
prove conclusively that there are many grades of domestic mica which
are as good and even slightly better for the purpose. The raw mica, in
the form of flat pieces with irregular edges, is split into thin sheets and
cut to size. Both of these operations are still performed by hand, as all
the efforts to devise automatic machinery for this purpose have failed
so far.

A high voltage mica condenser consists of a combination of indi-
vidual condensers called sections. These sections are usually connected
in series, forming stacks. Sometimes several stacks are connected in
parallel. The stacks are placed in cases and the cases are filled with
compound. A case usually has two or more terminals. Sometimes the
sides of the case are used as terminals and the body of the case is made
of some insulating material.

A section is made of a definite number of sheets of mica and a num-ber of metal foils. Lead foil is used most generally, except on short-wave condensers where copper is found more suitable. The usual formand size of mica is a rectangle around 1.5 by 1.5 inch& and is seldommore than 2 by 3 inches; thicknesses from 0.001 up to 0.004 inch are
used. The foil size is correspondingly smaller to allow for at least one -eighth of an inch margin.

The section is put together by placing mica and foil one on top ofthe other, carefully observing the margins. All odd foils are allowed toprotrude beyond the edge of one side of the mica rectangle while alleven foils protrude on the opposite side of the mica sheet. All odd foilsare then soldered together and the same is done to the even foils. Tohold the section together while stacking, the mica sheets are dipped in
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paraffin during the assembly. To make a stack, several sections are
soldered together. Micanite separators are used to keep sections at a
distance each from the other. After the stacks are adjusted for correct
capacity with due allowances for changes likely to occur during the
treating process, they are placed in cases and clamped. The paraffin
impregnation under vacuum is the next operation. Then the excess
paraffin is poured out, the cases are cooled and filled with a suitable
filling compound, after which the covers and name plates are installed.

There are several electrical tests in between these manufacturing
operations. Sections are tested at a voltage somewhat below the break-
down voltage of the mica. This throws out all questionable sections.
The stacks are again tested at a voltage much higher than any peak
voltage that may be encountered in practice.

The above two tests are made at a frequency of sixty cycles per
second. After a condenser is completed, it is checked on high voltage
and then subjected to the highest of the frequencies for which it is rated
and to the maximum rated current, and a complete heat run is made

under these conditions.
Electrical condensers are often called electrostatic condensers. This

name hardly applies to the mica condensers used in high -frequency cir-
cuits. The main use of mica condensers is to store electical energy in
the oscillating circuit and to deliver it back with a minimum loss of
energy. It is also often used to transfer the energy from the generating
circuit to the antenna or a transmission line.

A concrete example will simplify the discussion: given a self-excited
master oscillator of the Hartley type, with a one-kilowatt vacuum tube
capable of withstanding 15,000 volts d -c potential on its plate; deter-
mine the complete rating of the mica condenser for the main tank cir-
cuit. The frequency desired is 100 kilocycles.

The solution of the example is as follows: since it is a master oscil-

lator that is desired, a circuit of high stability is required first. Nearly
all the power output of the tube can be consumed in the losses of the
oscillating circuit for the purpose of obtaining as high a ratio of circu-
lating energy to power output of the tube as possible. An oscillating
and coupling circuit of one per cent effective power factor is not out of
order. This means that the total circulating energy in the oscillating
circuit will be 100 kilovolt -amperes, since the tube is capable of deliver-
ing one kilowatt of radio -frequency power.

With 15,000 volts direct current on the plate and swinging this
plate clear to zero potential on the negative peak of the radio -frequency
voltage, the radio -frequency voltage on the plate is 10,600 volts effec-
tive. In a Hartley oscillator, the radio -frequency voltage on the tank
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condenser is slightly higher than the radio -frequency voltage on the
plate of the tube, the ratio of the voltages being around 1.2 to 1. This
gives the radio -frequency voltage on the oscillating circuit as 12,600
volts, effective. Dividing 100 kilovolt-amperes by 12.6 kilovolts, the
value of tank current of 7.9 amperes is obtained. The next step is to
calculate the impedance and the capacity of the condenser. Dividing
12,600 by 7.9, the impedance value of 1590 ohms is obtained. The cor-
responding value of capacity is 0.001 microfarad.

The rating of the tank condenser, or rather the bank of condensers
for the tank circuit appears from the above calculations to be as fol-
lows:

The condenser bank is to have a total capacity of 0.001 microfarad
and must be capable of withstanding an operating current of 7.9
amperes at 100 kilocycles without overheating.

This rating, as worded above, is complete as there is no other volt-
age outside of the one imposed on the condenser by the oscillating cir-
cuit. Having given the current carrying capacity and the operating
frequency of the condenser, the operating voltage is their function and
so is the kilovolt -ampere rating of the bank. In other words, specifying
capacity, operating current, and operating frequency automatically
specify operating radio-frequency voltage and energy -storing ability
in kilovolt -amperes.

The importance of the energy -storing ability of a condenser be-
comes clearer when the power factor of the condenser is considered.
While the power factor of the complete oscillating circuit may be as
high as 1 per cent, the power factor of a mica condenser, short waves
excluded, is never more than one -tenth of one per cent and more fre-
quently nearer one-half of that value. Taking the latter value and ap-
plying it to the example, energy dissipation of 100,000 times 0.0005
equal to 50 watts is obtained. The condenser bank must, therefore, be
capable of dissipating at least 50 watts without overheating. By way of
comparison, the power transformer in a receiving set gets quite hot dis-
sipating only about ten watts.

There are other oscillating circuits beside Hartley's and in some ofthem the direct -current potential impressed on the plate is also im-
pressed on the tank condenser. In such a case, the radio -frequency volt-
age is superimposed on a d -c voltage and the resultant peak voltagewill be much higher than in the case above.

A description of the performance of a single section under various
conditions will be in order at this time. The following discussion is only
another example of performance of a particular type of section, with
particular margins, particular impregnation, particular size and kind
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of mica, etc. It should not be generalized in any way as to the values
given. The procedure described, however, is quite general.

A particular section of mica condenser after it has been vacuum -
impregnated in paraffin, is subjected to a 60 -cycle potential in a dark
room. It is placed in a paraffin bath which is kept at a temperature
slightly above the melting point of paraffin. This permits an easy ob-
servation of the corona effect. The voltage is gradually brought up at
a rate of about 100 volts per second. Let us assume that when 4000
volts, effective, is reached, a small speck of blue appears suddenly on
the edge of foil. It is of the size of a needle tip. When the lights are
turned on, this speck is already wider and a bubble of gas has formed
around it. The voltage had been kept at the value at which this corona
appeared but the bubble and the brush are growing very rapidly. Be-

' fore long, all foils are surrounded by corona, and gas bubbles reach the
surface of the liquid paraffin.

The voltage is gradually brought down at the same rate as before.
The corona decreases in size but does not disappear until a voltage as
low as 1200 volts is reached. The voltage then is brought to zero. The
condenser is cooled and left in the paraffin for a while. A few fours

i. later the bath is warmed up again with the main object of giving trans-
parency and of bringing the temperature of the impregnating medium
to the normal operating value.

When the section can be seen again, it is at once noticeable that the
gas bubble which was built by the corona on the original test, is still
there. When the voltage is again gradually applied, the corona appears
at the value at which it last disappeared; i.e., 1200 volts. The conclusion
follows that the section has been damaged more or less permanently.

If we leave the voltage on for a long time, the temperature may rise
to a point at which solder and foil will melt and the section will be
damaged completely. If the gas bubble is removed by vacuum -treating
the section again, the corona will not appear again until a potential of
4000 volts is reached. If the potential is brought up at a slightly faster
rate and corona formation is disregarded, the same section will be
punctured at around 5000 volts, effective. This breakdown voltage will
not vary much with the duration of corona and with the previous his-
tory of the condenser, provided the temperature rise on the surface of
the mica due to the corona is not excessive. It will depend more on the
kind of mica used and on its thickness, of course.

If a radio -frequency voltage is applied to the same kind of section
under a similar set of conditions, the corona will form at a much lower
voltage. This voltage will be as low as 800 volts at 100 kilocycles and
probably only 600 volts at 1000 kilocycles. The behavior of the gas
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bubble with reduced voltages applies here again, as previously de-
scribed.

It takes energy and, therefore, time to make the gas bubble and for
that reason a high -frequency voltage of a very high value but of a very
short duration may be applied to the section without forming a gas
bubble and, therefore, without damage to the section.

If the frequency of the applied voltage is increased and the short-
wave range is reached, a very high temperature rise in the section at a
relatively low radio -frequency voltage is noticed. This is due to the
rapidly increasing power factor of the condenser at those frequencies.
It is due to straight resistance effect of the foil, to eddy current losses
in the conductor, and possibly to the increase in dielectric absorption.

The foregoing allows a discussion of the performance of a complete
condenser; i.e., of a stack of several sections connected in series, en-
closed by a case which is filled with compound of relatively high melt-
ing point.

In order to pass the first "section high pot" test, the mica in the
sections must have the breakdown point reasonably higher than this
test voltage. The finished condenser, when tested after the last vacuum
treating, must have enough sections in series so that when the last
high voltage test is applied no corona and consequently no air bubbles
can form. The area of the case must be such as to dissipate all the watts
that are dissipated when storing energy at high frequency. The heat
dissipated in each pair of mica sheets and foil should not be more than
the paraffin can carry away to the casing. If the last condition is not
satisfied the heat will gradually accumulate and finally evaporate a
quantity of paraffin. The result will be the same as with the bubble.

For those not acquainted with the reasons why corona forms more
easily in air or gas than it does in paraffin, the following elementary ex-
planation should be sufficient: Corona is simply a partial breakdown of
the dielectric. When dielectrics are in series, one of them may break
down while the other will still hold. The dielectric strength of paraffin
is several times that of the air. The strength of mica, in the thicknesses
used, is greater than that of paraffin. Therefore, when there is only
paraffin filling all the space between the foil and mica it will break at
much higher voltage than a pocket of air. The contact between mica
and foil can hardly be made perfect and even if it were possible, the
edge effect would still remain.

Consider a mica condenser consisting of ten series sections, each
section having a capacity of 0.01 microfarad, giving a total capacity of
the condenser at 0.001 microfarad : the case of the condenser under con-
sideration is capable of dissipating ten watts with a total temperature
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rise of 20 degrees C. The power factor of the condenser is 0.05 per cent
for all radio frequencies up to and including 1000 kilocycles, 0.12 per
cent at 3000 kc and as high as 0.5 per cent at 10,000 kc or 30 meters.
Taking the values for the individual sections from the experiment de-
scribed above, the following data can be added: Section breakdown
voltage is 5000 volts per section; corona point 4000 volts per impreg-
nated section at low frequencies, 800 volts at 100 kilocycles and around

600 volts per section for higher frequencies.
In order to find the maximum allowable rating of such condenser,

the following line of reasoning can be followed :
If the section breaks down at 5000 volts, effective, it should not be

tested for imperfections at a voltage higher than three -fifths of the
breakdown voltage and operated at one -fifth of the same value. This
would mean that section test voltage should be 3000 volts, effective,
and the operating effective voltage should not exceed 1000 volts per
section. The corona point of 4000 volts per section is quite remote, pro-
vided the air is all taken away by the vacuum-impregnating. Fixing the
operating voltage at 1000 volts per section gives a total effective opera-
ting voltage for the condenser at 10,000 volts. This rating applies to
low frequencies only. It would appear that for direct current this rat-
ing could be interpreted so that a d -c potential corresponding to peak
of the rated alternating current could be permanently applied to the
condenser. This, however, is not true, as experience shows that the
d -c rating should not exceed the effective low-frequency rating of the
condenser. The impedance of the condenser under consideration at
1000 cycles is 159,000 ohms so that the current through it at that fre-
quency is only 63 milliamperes for 10,000 volts, effective, and the
energy stored only 630 volt-amperes. For power factor of 0.05 per cent,
this gives heat dissipated in the condenser as 0.315 watt, a value too
small to produce a readable temperature rise. The condenser is essen-
tially a potential device at these low frequencies. At 100 kilocycles the
picture changes somewhat. The impedance of the condenser is still very
high, 1590 ohms in fact, but the voltage allowable per section must be
reduced to not more than 300, due to the corona point's being much
lower at those frequencies. This limits the total operating voltage on the
condenser to 3000 volts at a frequency of 100 kilocycles; dividing 3000
volts by the impedance, the value of permissible current equal to 1.9
amperes is obtained; the corresponding circulating energy is 5.7 kilo-
volt -amperes.

At 300 kilocycles the condenser impedance is down to 530 ohms; if

the total radio -frequency voltage across it should not exceed 3000 volts,
the radio -frequency current of 5.65 amperes is permissible and the cir-
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culating energy amounts to 17 kilovolt-amperes. The power factor at
that frequency being 0.05 per cent, the heat to be dissipated by the
case becomes 8.5 watts. The condenser at this frequency works as both
a potential device and also as an energy -storing device.

At 1000 kilocycles the condenser becomes an energy -storing device
altogether. Its 10 safe watts of heat dissipation limit the rating. With
power factor of 0.05 per cent it allows storing of 20 kilovolt-amperes of
circulating energy. Its impedance is only 159 ohms and the voltage
corresponding to this amount of circulating energy is 1780 volts total
or 178 volts per section, which is altogether safe from the corona stand-
point. The current rating is obtained in the same manner being equal
to 11.2 amperes.

At 3000 kilocycles, the product of the circulating energy and the
power factor is the only limiting factor. The calculation is the same as
for 1000 kilocycles; the value of power factor is the only thing that is
changed-from 0.05 to 0.12 per cent. The ratings obtained are as fol-
lows : Circulating energy 8.9 kilovolt-amperes, current 11.4 amperes
with voltage of 605 volts total or only 60.5 volts per section. For 10,000
kilocycles the calculation is identical with the latter two and gives 2
kilovolt -amperes of circulating energy, current of 11.2 amperes and
voltage 178 volts total or only 17.8 volts per section.

A little reasoning will justify the practicability and safety of the
statement that when a d-c and radio -frequency voltage are super-
imposed, the sum of the d-c voltage and the effective a -c should not
exceed the effective voltage rating of a condenser.

On the basis of the foregoing discussion, a complete rating for the
condenser under consideration can be formulated as follows:

Electrical condenser of 0.001 microfarad capacity; maximum
effective operating voltage 10,000 volts; maximum d -c operating
voltage 10,000 volts; radio-frequency carrying capacity 1.9 amperes
at 100 kilocycles, 5.65 amperes at 300 kilocyclek11.2 amperes at
1000 kilocycles, 11.4 amperes at 3000 kilocycles, and 11.2 amperes
at 10,000 kilocycles. For superimposed direct and alternating cur-
rent, the sum of effective a -c with the d -c voltage should not exceed
10,000 volts.

Table I gives some of the above information in a convenient form. In
modulated circuits, the most severe condition is when the carrier is
modulated 100 per cent by a frequency constant in its value and ampli-
tude. Using "I" to denote the effective value of current through the
bank when no modulation is present, the peak values of the current
without modulation is 1.414 times I: the peak value of the current
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Twith 100 per cent modulation is 2.83 times I; and the effective value of

I the modulated current is 1.223 times I.
If the transmitter is used for speech transmission the peaks will

occur at rather long intervals. The occurrence of peaks, therefore, is

t altogether transient and the effective value of current is the only im-

i portant factor in the choosing of a mica condenser for the job. For the

I lower end of the band of broadcast frequencies and also for still lower

1
frequencies modulated 100 per cent by continuous audio frequencies,

a safety factor of about 1.2 should be applied to the rating derived by

TABLE I
CURRENT-VOLTAUE-ENERGY RATING OF THE 0.001-M ICROFARAD MICA CONDENSER

DESCRIBED IN THIS PAPER

Frequency,
Kilocycles

Wavelength,
Meters

Impedance,
Ohms

Rated Current,
Amperes

Rated Voltage,
Effective

Rated
Energy, KVA

Direct Current -- infinite -- 10,000 --

1 159,000 0.063 10,000 0.63

100 3,000 1,590 1.9 3,000 5.7

300 1,000 530 5.65 3,000 17.0

1,000 300 159 11.2 1,780 20.0

3,000 100 53 11.4 605 8.9

10.000 30 15.9 11.2 178 2.0

the above methods. True, the peaks of radio frequency occur at an
audio -frequency rate and the duration of them is almost transient;
almost, but not quite. At each peak of the audio frequency, and es-
pecially a low audio frequency, there occur many radio -frequency
cycles of nearly the same amplitude in direct succession.

In the first example given in this paper, a set of requirements for
a particular tank condenser bank was calculated. It was to have a
capacity of 0.001 microfarad and carry a current of 7.9 amperes safely

at 100 kilocycles with no modulation. If additional requirements of
100 per cent modulation and of capability to block 15,000 volts direct
current superimposed, this example becomes a typical problem in
transmitter design.

On account of the tube limitations the power for the modulated
current seldom can be increased; therefore the effective value of the
modulated current will remain 7.9 amperes. The unmodulated effective
value, of course, will go down in 1.223 -to -1 ratio.

If the transmitter is to be used for other than speech transmission,
a safety factor of at least 1.2 should be applied. This gives the value of
effective rated current at 9.5 amperes at 100 kilocycles. At 100 kilo-
cycles the impedance of a 0.001 condenser is 1590 ohms, which at 9.5
amperes gives 15,000 volts, effective. Together with 15,000 volts direct
current this calls for a bank capable of withstanding 30,000 volts,
effective. The circulating energy rating is 143 kilovolt -amperes and
as at this frequency the power factor of a mica condenser is around
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0.05 per cent, the heat dissipated is 72 watts approximately. The bank
under consideration can be built of a great number of series -parallel
combinations. To illustrate the choosing of condensers to do a particu-
lar job, several of such satisfactory combinations are listed below:

There is no standard single unit to satisfy the requirements. Four
units in parallel, each rated at 0.000250 microfarad, 30,000 volts, effec-
tive, and each capable of carrying 2.5 amperes at 100 kilocycles will be
one answer.

Four units in parallel -series combination, each rated at 0.001
microfarad, 15,000 volts effective, and capable of carrying 5 amperes
at 100 kilocycles is another solution.

Two series and each rated at 0.002 microfarad, 10 amperes, and
15,000 volts, effective, is still another solution.

Of the three, the number 3 will probably be the most economical.

As was already mentioned, the values of this paper are purely illus-
trative and under no condition should be generalized. This paper is
tutorial in nature and is not a record of any specific development. It is
a record of standard engineering practice with a few theoretical con-
siderations and is intended to help the designer as well as the user of
mica condensers in his choice of proper material for a job on hand.
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AN EXAMINATION OF SELECTIVITY*
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(Consulting Engineer, New York City)

Summary-A replete of the literature on selectivity including the important
recent contributions shows the necessity for coordination of the results and clarifica-

I Lion of the definitions. The present selectivity requirements are developed and a
simple mathematical treatment is expanded to meet them. The criterion for uniform
ability to reject undesired signals, for both condenser and inductance tuning, results
from this calculation. The relation of the selectivity curve, as now taken and presented,

to the actual performance of the receiver is discussed, and the central portion is
compared mathematically with the fidelity characteristic. Possible improvements

in the definition, method of measurement, and presentation of data, are suggested.

SELECTIVITY is a persistent and increasing problem. We have
at our command to -day the means for securing any desired degree
of sensitivity within reason, and the quality of the audio amplifier

is limited only by what we are willing to spend for it. But that char-
acteristic of the receiver by which it rejects undesired signals is not yet

a condition which may be regarded as satisfactory. The problem,
while present in all classes of radio receivers, is particularly difficult in
broadcast receivers, because they must be tuned over a very consider-

able band of frequencies.
The present paper is the result of a study of the literature on this

subject, which is remarkably meager. For example, out of over 800
papers published by the Institute of Radio Engineers since its organ-
ization in 1912, less than a dozen make any direct contribution to the
subject, and only two are addressed directly to it.

We have been in the habit of thinking of the signals as being of any
frequency within the band. This was the result of several causes. Con-
tinuous tuning has been used from the first in broadcast receivers. The
conditions during the early days of the art were chaotic, and this con-
tributed to the very slow adoption of straight-line frequency tuning.
By far the greater part of the laboratory work has been carried out
with devices on which the signals appeared to have a much greater
separation at one end of the dial than at the other end.

Another factor which has played an important part is that, until
very recently at least, it has been impossible to produce circuits that

* Decimal classification: R161.1. Original manuscript received by the Insti-
tute, November 17, 1931. Presented before Rochester Fall Meeting, November
10, 1931.
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had anything like the same response at the two ends of the range.
Tuned circuits of the commonly used types, although they can now be
so compensated as to give reasonably constant gain, still exhibit a
much greater ability to reject undesired signals at the lower frequencies
than at the high. Thus the orderly arrangement of the signals them-
selves has been masked by the imperfections of the apparatus we have
used to reveal them, and this has been reflected, to some extent at
least, in our analytical work.

It is important, therefore, to emphasize the following simple facts,
and to ask that they be kept definitely in mind in connection with
what follows. The entire radio -frequency spectrum is divided into
bands assigned to various services. In each band there is a definite
number of channels. Each channel has a definite width in kilocycles,
and, in general, all the channels in any one band have the same width.
Each channel is designated by its central frequency, and transmitting
stations are required to maintain their carriers within very close limits
of this central frequency.

In the broadcast band there are ninety-six discrete channels. The
designating frequencies are spaced 10 kc apart, and the limits of each
channel are 5 kc above and below these "carrier" frequencies. And these
carrier frequencies, expressed in kilocycles, end in zero.

The discussion and conclusions of this paper, although addressed
particularly to the broadcast band, apply equally well to any other
band or service.

Because we are concerned only with selectivity, we shall assume
that the audio amplifier has a strictly uniform response over the entire
audio range permitted by the channel width, that is, from zero to 5000
cycles. It will also be convenient to think of the tuning mechanism as
being of the straight-line frequency type.

The three principal characteristics of a broadcast receiver are sensi-
tivity, fidelity, and selectivity. Unfortunately they are not entirely
independent of one another, as we usually think of them. To most of
us, at least, they have been continuous functions of frequency, and one
has merged into the other. If we take our concept of ninety-six discrete
channels into account, however, the three characteristics become im-
mediately distinct. Sensitivity and fidelity apply to the desired chan-
nel. Selectivity applies to all the other channels. It is not concerned
with anything closer to the desired signal than 10 kc, or at the least,5 kc.

Sensitivity and fidelity are defined, as they should be, without
reference to each other, or to the third characteristic. This is not true,
however, with respect to selectivity. It seems to have been the bridge
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by which the other two were connected. This, I believe, is neither
necessary or desirable. Let us look at some of the definitions, which I

shall quote.
"The selectivity of a receiver is the degree to which it is capable of

differentiating between the desired signal and signals of other carrier
frequencies."' This definition contains the idea of carrier frequencies,
although it does not use the word channel. It defines the property,
however, in terms of its relation to another property.

"Selectivity is the ability of a radio receiving set to select any par-
ticular wavelength and exclude others," "the ability of the receiver to
differentiate between signals of different frequencies," "that property
of a receiver which enables the user to separate desired programs from

undesired ones."'
"Selectivity means the absolute choice of wanted transmissions

without interference of any kind. It is the comparative response of a
desired station and one that is undesired, and that is determined by
the response ratios and not by curve shape."3

"Selectivity is the width of the band at some percentage of maxi-

mum gain." "The ratio of the resonant to the nonresonant voltage

across the condenser in the tuned circuit, for constant input."4
In another case we are given an equation for the output voltage

ratio, and this expression is reduced so as to give the band width at
half amplitude.'

These definitions show a lack of agreement not on the general nature
of the property, but on the best Method of expressing it. They also
show a dissatisfaction with previous definitions, and perhaps with the
word itself. They illustrate the dependence, not only of the definitions
themselves, but also of the suggested method of measurement, upon
other properties of the receiver. None of them suggest the important
fact that the signals to be discriminated against, are equally spaced in
frequency.

In an ideal receiver, the admitted band would be 10 kc wide, flat
across the top, and vertical on the sides. The response to channels to
which the receiver was not tuned would be zero, or at least sufficiently
small to be inaudible in the translating device. There would be no ne-
cessary relation between the total amplification represented by the

1 Standardization Report, 1931, page 121, Institute of Radio Engineers,
2 "Radio Handbook" 1931, page 40, Moyer and Wostrel.
3 K. W. Jarvis, "Selectivity of tuned radio receiving sets," PROC. I.R.E.,

15, 401; May, 1927.
4 B. de F. Bayly, "Selectivity, a simplified mathematical treatment,"

Paoc. I.R.E., 19, 873; May, 1931.
6 W. A. MacDonald and H. A. Wheeler, "Theory and operation of tuned

radio -frequency coupling systems," .PROC. I.R.E., 19, 738; May, 1931.
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admitted band, and the deamplification or attenuation represented by
the balance of the characteristic.

The amplification in the admitted band would be dependent upon
how weak a signal it was desired to receive. The deamplification in the
excluded bands would be dependent upon how strong a signal it was
desired to exclude. There is no problem in receiving the strongest sig-
nal, or in excluding the weakest. The deamplification or attenuation
of the undesired signal would not depend upon the amplification and
final output of the desired signal, since during periods of no modulation
on the desired signal, the undesired should still not be heard.

The existing definitions and methods of measurement seem, there-
fore, to be written around what is conceived to be possible in the phys-
ical apparatus with which we have to deal, rather than around what
is obviously desirable. They bring the selectivity characteristic right
up to the frequency of resonance, in spite of the fact that it is desired
to receive, not to reject, all frequencies within 5 kc of the frequency to
which the receiver is tuned. They are definitely associated with the
resonance curve, and in most of the mathematical treatments, assump-
tions are made which limit the accuracy of the results, except in regions
very close to resonance.

As a tentative proposal, made with due regard to the fact that it
should have adequate discussion, it is suggested that selectivity should
be defined, generally, as that property of a receiver by which it is able
to reject signals to which it is not tuned, and that, in measurement,
this property be stated in terms of field strength, for each channel
above and below resonance, which will give an output, specified in
milliwatts, which we can agree is inaudible. Such a definition is inde-
pendent of the sensitivity of the receiver, and since it is stated only for
channels above and below resonance, it has no relation to the fidelity
characteristic. It is an over-all property of the entire receiver. The
property thus defined is not measured in the present method, nor
shown by the resulting curves.

Neglecting that portion of the curve which lies within 5 kc of reso-
nance, the selectivity curve shows, in the form of a ratio, the strength
of signal necessary to produce full output, that is, the standard output
at which all measurements are made. It is obvious that a very much
weaker signal would be sufficient to produce an audible response
amounting to actual interference. If the receiver were being operated
at 50 milliwatts output, then an output power of 0.5 milliwatt for an
undesired signal might be very objectionable.

In the actual operation of the receiver, for any condition under
which it can be successfully used, the attenuation of the radio amplifier
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operates to reduce both the carrier and the side band amplitudes of any
undesired signal to values well below those for the desired signal. The
ability of the receiver to reject these signals, however, depends also
upon the type of detector used, since this tube tends to increase any
ratio that may exist on its grid. The difference between linear and
square -law detectors, in this respect, for signals or side bands quite
close to the desired signal, has been discussed from a theoretical stand-
point in a recent paper by Aiken." The effect of the desired carrier,
modulated or unmodulated, is also given. This is the well-known mask-
ing effect.

In the selectivity curve as now taken, the carrier and side hand
amplitudes at the detector grid are held constant. No resonant carrier
is used when the off -resonance measurements are made. Thus the sev-
eral effects in the detector tube which alter the over-all ability of the
receiver to reject undesired signals, are not shown by the curve. The
detector in most modern receivers is so connected as to give linear
rather than square -law results, but it is recognized' that it is not
strictly linear, and that it approaches linearity only for the higher sig-
nal voltages on its grid. Contrary to what might at first be expected,
it assists to a greater degree than the square -law detector in the re-
jection of undesired signals which have been previously attenuated so
that the ratio at the detector grid is favorable. Now more than ever
before, therefore, it is important to include the effect of the detector
in selectivity measurements.

The central portion of the selectivity curve represents, in a general
way, the effect of the radio attenuation on the audio output character-
istic. It can be shown that this is not an accurate representation of the
effect, and that the greater the radio attenuation, the greater will be
the disagreement. The complete computation is given in an appendix.
The general method is as follows.

The same input signal is used for the resonant reading on the selec-
tivity curve, and for the reference reading on the fidelity curve. This
result is taken as unity, or 100 per cent, in both cases, but is plotted at
zero frequency in one case, and at 400 cycles in the other. It is usual,
and logical, to plot the audio frequency on a logarithmic scale, and this
places the 400 -cycle reading almost exactly at the center of the audio
range. If the selectivity curve is plotted in the same way, the unity
value for the reference reading cannot be plotted at zero frequency,

e C. B. Aiken, "The detection of two modulated waves which differ slightly
in carrier frequency," PROC. I.R.E., 19, 126; January, 1931.

7 Stuart Ballantine, "Detection at high signal voltages," PRoc. I.R.E., 17,
1158; July, 1929.
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where it belongs, since this does not appear on the sheet. If the reading
for the lowest frequency measured is taken as unity, it should logically
be plotted at the left-hand edge of the sheet. If there is any attenuation
whatever for a signal 400 cycles off resonance and modulated at 400
cycles, it can be shown that taking the 400 cycle selectivity reading as
unity to make the two curves agree at this point, introduces a disagree-
ment at all other points. The fact that there is an attenuation of the
400 -cycle side bands in the fidelity reading does not bring the curves
into agreement, since this is ignored by taking this value as unity.

In general, this attenuation is very slight, but if it is to be neg-
lected, then we are assuming, not that there is no reduction of the
400 -cycle side bands, but that there is no attenuation of a signal 400
cycles detuned. This might be allowable in simple tuned radio -fre-
quency receivers, but is certainly questionable in good superhetero-
dynes, and is considerably in error in the case of experimental receivers
employing piezo-electric crystals.

The consideration of the question of the reference readings brings
us to the more important question of whether the effect of the radio
amplifier will be the same for two different types of signal; namely

1. A resonant signal modulated at any audio frequency p/271-.
2. A nonresonant signal, p/27r cycles off resonance, and modulated

at 400 cycles.
To determine this, we note first that the detector acts to produce all

possible beats between the radio frequencies impressed upon its grid,
and that one of these beats is the audio voltage which we measure in
the output circuit. We then assume attenuations for each of the single
frequencies which will reach the grid in the two cases, that is for each
carrier and each side band frequency. The coefficients at the detector
grid can then be written, and the results of the rectification, for the
principal audio term in the output circuit, for both linear and square -
law detectors, can be computed.6

The result of this analysis is the following conclusion: (1) that if
there is any attenuation whatever between zero and 5000 cycles, the
two curves will not agree, and that the greater the attenuation, the
greater will be the disagreement; (2) that the central portion of the
selectivity curve does not accurately depict the effect of the radio
amplifier on the side bands of the desired station. This means that for
highly selective circuits, the selectivity curve has no useful meaning in
this range, and this portion of the curve should therefore be discarded,
or at least not shown on curves intended for publication.

The extent of the disagreement for a rather extreme case is shown
in Fig. 1. The curve FFF is fidelity measured in the standard way.
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The curve C CC is the product of the selectivity curve and the audio

amplifier characteristic. At 3000 cycles, for example, the fidelity is
actually 60 per cent, but the product curve shows only 4.3 per cent.
Similarly great discrepancies exist below 100 cycles.
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Fig. 1.-An exaggerated case of disagreement )etween measured
and calculated fidelity.

MATHEMATICAL INVESTIGATION

In general, the mathematical treatments of selectivity have con-
sisted in the following steps:

1. Development of an equation for the voltage delivered by a
tuned circuit, in terms of the input voltage and the impedance.

2. Determining the value of this equation at resonance.
3. Dividing the second equation by the first to give the ratio of the

output voltage due to a resonant input, to the output voltage for a
nonresonant input.

Such expressions are perfectly general, but unfortunately quite
complicated, particularly in the case of coupled circuits. In order to
secure a simplification, a single symbol is substituted for some portion,
and such symbols soon take on the importance of a definite and meas-
urable property of the apparatus or some part of it. In most cases, the
portions thus denoted by a single symbol are functions of frequency
and in addition contain quantities which although nominally constant,
actually are also functions of frequency.

To a certain extent, this difficulty can be avoided by putting those
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terms which involve the frequency in the form of a percentage differ-
ence. Such treatments are of only limited value, however, since the
signals are separated by a constant absolute frequency difference
rather than a constant percentage frequency difference.

Most of the mathematical discussions of selectivity are not suited
for other reasons to our present purpose. In one,3 for example, it is as-
sumed that there is no series resistance. Since it is the allowable vari-
ations in this series resistance which we wish to determine, this analysis
will not serve. In another and fairly complete article,s in which the per-
formance of various types of coupled circuits are examined, the as-
sumption is made, for the purpose of simplifying the mathematical
treatment, that the resistance varies directly with the frequency. Cer-
tainly, if any improvements in the uniformity of radio -frequency
selectivity are to be made, they will only come through a controlled
manipulation of the dissipative resistances by which they are propor-
tional to some function of the frequency other than linear.

In the calculation which follows, the general equation for the se-
lectivity of a parallel tuned circuit at any off -resonance frequency is
stated for two different values of the resonant frequency, and these
two values are equated to determine the conditions which must be
fulfilled if the selectivity is to be the same at these two resonant fre-
quencies, or, in other words, constant over a considerable band. The
two resonant frequencies may be the two ends of the broadcast band.

Having thus arrived at an equation for constant selectivity, a com-
putation of the numerical values of the coefficients is made to deter-
mine the exact nature of the result so far as broadcast receivers are
concerned. From this we are lead to further simplifications and some
general conclusions which appear to be of considerable interest, and
which point out certain definite limitations and advantages.

The following expression for the selectivity of a single circuit is
given by Bayly4

Er
w L= K2 + Q2(K2 - 1)2 where K = and Q r (1)

Using small letters to denote all quantities at the low -frequency endof the broadcast range, and large letters for the high -frequency end,we state one condition for constant selectivity by writing
k2 q2(k2 - 1)2 = K2 + (22(K2 _ 1)2 (2)

8 E. S. Purington, "Single- and coupled-circuit systems," PROC. I.R.E., 18,983. See also K. S. Johnson, "Transmission Circuits for Telephonic Communica-tion," page 79.
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which yields, upon simplification

(K2 - 1)2 K2 - k2
q = VaQ2 + h where a = and b = (3)

(k2 - 1)2 (k2 - 1)2

Remembering that we are dealing with ninety-six discrete channels,
and that our interest for the moment is in separating these channels,
it is interesting to make numerical substitutions for K and k, and to
determine a and b, and thus the indicated ratio between Q and q for

constant selectivity. Values have therefore been calculated in Table I

for each of the first five channels above resonance, using 550 as the

channel of resonance at the low-frequency end, and each of the last
five channels successively at the high -frequency end. This gives the

extreme conditions for variation in the quantities involved.

TABLE I

Frequency
wr w

k le' (k-1)1

550 560 1.018181 1.03661087 0.001340323

570 1.036363 1.07398357 0.005473303

580 1.054545 1.11201811 0.012547148

590 1.072727 1.15071449 0.022714180

600 1.090909 1.19007271 0.036127119

K Kt (K2--1)2 F./f.

1490 1500 1.006711 1.01345635 0.000181068 2.709090

1480 1.013513 1.02719592 0.000739593 2.690909

1470 1.020408 1.04122432 0.001699266 2.672727

1460 1.027397 1.05544486 0.003073862 2.654545

1450 1.0344827 1.07006814 0.00490531 2.636383

(A1 --l)= lo --k=

b=10--k, K/ka=
(0 -1): (k2-1)2

560 1490 -0.0231545 0.13505596 17.9532700 0.9887345

570 1480 -0.04678765 0.13512743 8.5483387 0.9779514

580 1470 -0.07079379 0.13544360 5.6422215 0.9676280

590 1460 -0.09516686 0.13563705 4.1897554 0.9577428

600 1450 -0.12000457 0.13589613 3.5173700 0.9482757

It will be noted that the value of a is quite constant for these five
channels, deviating from the value 0.135 by less than 1 per cent. Ob-
viously this variation would be less for two groups of Channels taken
at any other points in the range. The value of b, however, shows con-
siderable variation, running from 17.9 for the adjacent channels to
3.51 for the channels 50 kc removed.

In Table II the calculation has been continued assuming arbitrary
values for Q at the high -frequency end, and the value of Q/q deter-
mined. It will be noted that the factor b has its greatest effect for the
smallest value of Q, which corresponds to the poorest coil. But even
with the worst coil, its effect is relatively unimportant except on the
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adjacent channel. This means, in general, that we can expect some
difference in adjacent channel selectivity even when we have so de-
signed our circuits as to get constant selectivity on the second and
subsequent channels, unless unusually good coils are used.

TABLE II
CALCULATION TO DETERMINE THE RATIO Q/q

Channel Q (22 aQ2 b aQ2 -b q Q/q
I 20 400 54 17.9 36 6.00 3.3333340 1600 216 198 14.07 2.8429260 3600 486 468 21.63 2.7739280 6400 864 846 29.08 2.75103100 10000 1352 1334 36.52 2.73822

II 20 400 54 8.54 46 6.78 2.949840 1600 216 208 14.42 2.773960 3600 486 478 21.86 2.744780 6400 864 856 29.25 2.7350100 10000 1352 1344 36.66 2.7332
III 20 400 54 5.64 49 7.00 2.857140 1600 216 211 14.52 2.754860 3600 486 481 21.93 2.735980 6400 864 859 29.30 2.7303100 10000 1352 1347 36.70 2.7247
IV 20 400 54 4.18 50 7.07 2.828840 1600 216 212 14.56 2.747260 3600 486 482 21.95 2.733480 6400 864 860 29.32 2.7285100 10000 1352 1348 36.72 2.7233
V 20 400 54 3.51 51 7.14 2.801140 1600 216 213 14.59 2.741560 3600 486 483 21.97 2.730980 6400 864 861 29.34 2.7266100 10000 1352 1349 36.74 2.7218

Noting that the value of Q/q, except for poor coils, is very close to
the frequency ratio, we may write

Q SlLr
co/but -Q = 2.73 therefore -= 2.73- (4)

Rq colR

If L is held constant, as it is in condenser tuning, then the total ef-
fective resistance must remain constant. This can only be accomplished
so far as we know, by artificially increasing the resistance at the low -
frequency end to compensate for the natural decrease. -If L is variable,and is used to tune the circuit, then

L 1 1

R = r
but

R
7.43 therefore = 7.43.(5)

This means that the resistance may be roughly 71 times as great at thelow -frequency end as it is at the high, and still maintain constant bandwidth, a remarkable advantage for inductance tuning.
Referring again to Table I, it is seen that the value of a, at leastfor the first five channels either side of resonance would be very closely
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the same for any smaller frequency range within the broadcast band.
The value of b would be smaller for such a restricted range, and since
this is the factor which causes Q/q to vary near the resonance, we can
say that our solution, equation (5), applies throughout the entire
frequency band, at least to a very close approximation.

L and R, of course, are the inductance and resistance in a single
circuit. In a simple coupled system with a transformer whose untuned
primary is connected to the plate of a vacuum tube, and whose tuned
secondary is connected to the grid of the succeeding tube, these two
quantities become complex.

Several different methods of stating mathematically the effect of
the primary and the tube on the secondary have been given,' ,7,8 but
there would be no advantage in repeating them here. In general, the
inductance is decreased and the resistance is increased by an amount
which is itself a function of the frequency. But the important conclu-
sion is that for either type of tuning, and from the point of view of
channel separation, it is L/R and not coL/R which must be taken as
the measure of selectivity. This is the quantity which determines the
ability of the receiver to reject undesired signals at any point in the
range. The quantity Q is a matter of mathematical convenience in
simplifying the original equations for curve shape.

Equation (1), which we have chosen for this computation, is not
limited by any assumptions, having been developed directly from the
usual general equation for an a -c circuit, which states the current in
terms of the voltage and the impedance. We have been using the word
"selectivity" in its generally understood sense, but the equation we
have operated on gives the ratio of the voltages across the parallel
tuned circuit, assuming a constant input voltage. This is the equation
of a resonance curve, and not the equation of the selectivity curve as
taken by the standard method, in which the output voltage, and there-
for the voltage on the detector grid, is held constant.

So far as the tuned circuits are concerned, and assuming that there
is no overloading of the tubes by which the amplification becomes a
function of the input voltage, it is allowable to invert the equation, and
read it as the ratio of the input rather than the output voltages. How-
ever, there may well be overloading of the tubes, particularly the first
tube, as the input is increased to keep the output constant. This danger
is made the greater by holding the output power at the value chosen
for the sensitivity curve, a power level appropriate for a desired signal,
but certainly not for an undesired signal. It is also obvious that as the
selectivity of the receiver is increased, the input voltage must be made
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higher, still further increasing the probability of nonlinear amplifica-
tion. This is indicated diagramatically in Fig. 2.

In the standard measurement, the curve is usually limited to a
range quite close to resonance. This results from the simple fact that
there is a limit to the voltage that can be delivered by the signal gen-
erator. If the output power were held constant at a level representing
acceptable rejection of undesired signals, the curve could be consid-
erably extended above and below resonance.

Attention has been focused, both in measurement and in mathe-
matical investigation, upon the central portion of the curve. In the
mathematical treatments it has been assumed that co/cor would not be

SENSITIVITY

D

)5_

A

STANDARD
OUTPUT

INAUDIBLE
OUTPUT

Fig. 2-Diagram illustrating the general relations between input
and output voltages.

more than one or two per cent. At 550 kc this excludes all but the ad-
jacent channel. The standard curve sheet on which the measurements
are usually plotted shows only three channels on either side. The cen-
tral portion of the curve, occupying one-third of the 'sheet, has no re-
lation to the ability of the receiver to reject undesired signals. And the
portions of the curve lying between the ordinates representing the ra-
tios for each channel above and below resonance are also without sig-
nificance, since in the scheme of broadcasting there will never be any
signal inputs at these frequencies.

The band width of such a curve has a technical, but not a practical
interpretation. What we desire to know is not what frequencies would
fall at a specified input ratio, but rather what actual input voltages
can be effectively rejected at the specific frequencies representing the
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carriers of the undesired signals. And it is desirable to know these
values for more than three channels either side, since in many cases the
input voltages from near -by powerful stations are great enough to be
roublesome even when they are 50 kc away from the desired station.

In general, the resonance curve is not symmetrical. But the de-
parture from symmetry is negligibly small on the channels near reso-
nance. For the fifth channel above, as against the fifth channel below,
the difference is less than 10 per cent even with very good coils. More-
over, this dissymmetry is predictable, with normal circuits, so that
given one side of the curve, the other may be drawn without measure -

I

soo

Y 30

3 2
IISELOra CHANNELS A BOY[

3

Fig. 3-lisual selectivity curves, with central portion omitted.

ment. In general, the channels below resonance will show a lower per-
missible input voltage for satisfactory rejection.

It is therefore suggested that a more accurate and informative pres-
entation of selectivity data would be secured by drawing curves
between radio frequency and the input voltage corresponding to ac-
ceptable rejection for each of the first five channels below resonance.
If the selectivity is constant, these curves will be horizontal lines. Any
departure from uniformity may be measured by the slope of the lines.
Such a set of curves have been drawn in Fig. 4 for a well-known stand-
ard commercial tuned radio -frequency receiver.

In the light of our present knowledge we may see that the super-
heterodyne method was a very clever and satisfactory answer to two
problems; (1) the necessity for securing greater amplification without
danger of oscillation, and (2) the apparent fact, reiterated in print as
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late as last year, that the selectivity of tuned circuits necessarily varied
with frequency, becoming progressively worse as the frequency was
increased. If, due to the researches which have been described in an -

10000

100

10

1 600 700 800 900 1000 1100
CHANNELS

1200 1300 1400 1500

Fig. 4-Suggested form of selectivity curves.

other paper,9 we are about to acquire means for definitely control-
ling the selectivity characteristic of our circuits, then this latter problem
has a new and perhaps much more satisfactory answer.

APPENDIX

COMPARISON OF SELECTIVITY CURVES AND FIDELITY CURVES

1. The ordinates of the two curves as drawn are
y, = Eu/ER (1) yt = Vp/V400 (2)

where,
ys = ordinate of any point on selectivity curve
yf = ordinate of any point on fidelity curve

E,,,= r -m -s value of modulated input off resonance
ER = r -m -s value of modulated input at resonance
VP = r -m -s value of audio output at frequency p/27r

V400 = r -m -s value of audio output at frequency 400
which is the reference point for the fidelity curve.

2. The values of ys are greater than unity, whereas, in general, the
values of yi are less than unity. In order to bring them into agreement,
we shall invert ys, writing

y. = ER/E.. (3)
We shall now determine the conditions under which y, = yf for any

displacement from resonance in the selectivity measurement and the
9 W. J. Polydoroff, "Magnetic cores for high frequencies," also presentedbefore Rochester Fall Meeting, November 9, 1931. Unpublished to date.
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corresponding audio -frequency modulation in the fidelity measure-
ment.

3. The r -m -s value of any input voltage is

1 rn 2

E = er where r = -=4/1 --
2 2

(4)

e being the carrier amplitude
m = degree of modulation

and is independent of the frequency of the carrier or the modulation.
4. The r -m -s value of the audio output current is

V = adme/ for linear detectors (5)

and,

V = adme2/\/2 for square -law detectors (6)

neglecting second -order terms. In the above
a = total effective amplification at resonance
d= detection coefficient.

We shall assume that d is constant for all inputs, but a will have to
be modified for off resonance frequencies by a factor representing the
attenuation.

5. If Icy a is the effective amplification for a frequency co,./27 modu-
lated at p/271- cycles, the effective values of the output currents are
such that°

(Fidelity) V,/ V400 = kpa/ a = k, (k, < 1) (7)

for either linear or square law detectors.
6. If Kwa is the effective amplification for a frequency (4/27r which

is p/27,- cycles above resonance and modulated with a frequency of 400
cycles, then the effective values of the radio frequency inputs are such

thatl°
ER/E. = eR/e. (8)

eR being the peak carrier amplitude before modulation, there being the
same degree of modulation at both radio frequencies.

The corresponding output voltage ratio is

(Selectivity) VR/ V. = aeR/k0 a e',, (Linear detector) (9)

but the output is held constant and VR=Vco, whence

eR =

eR/e0 = k (K. < 1) (10)

io This assumes an audio amplifier of flat frequency characteristic.
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ER/E,,, = eR/e. = K, = Vp/V400 = k, or ka = k,a, (11)

if the two readings are to be the same.
This requires that the total effective radio -frequency amplification

shall be the same for
1. A resonant signal modulated at p/27 cycles.
2. A nonresonant signal, p/27r cycles off resonance modulated

at 400 cycles.
7. In order to determine the conditions under which this will be

true, we shall note that the detector will act upon any voltages applied
to its grid, and we will determine what these voltages will be for the
two signals under consideration.

8. For the fidelity signal we have at the input

m m
e sin cot +

2
-e cos (co - p)t -

2
e cos (co + p)t (12)

Now if k1 is the ratio of effective amplification at either of the side
frequencies (assuming a symetrical curve) then on the detector grid we
have

ae sin cot + kia-
2

e cos (co - p)t
2

kia-e cos (co + p)t (13)

and the rectified r -m -s value will be

V = da X k1a X m X e/N/2 = da2kime/
9. For the selectivity signal we have at the input

e

lf,,,
sin (co + p)t +

m
cos (co + p -400--)t

2K,,, 27
m 400+ e cos (co + p + -)t

2r2K.

and if k2k3 are the effective amplification ratios for the frequencies
(co ±p - 400/27) and (0) +p +400/27) respectively, then on the de-
tector grid we have

akie ak2me 400sin (co ± p)t cos (co p -K. 2K. 2r
ak3me 400

cos (co p --)2K. t
27

(14)

(15)

(16)
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will be

aki(akon ak3m\e
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(17)KA2K. 2K )
=

da2mkie(k2 k3/2K)
(18)

Now V.= V400 = Vp/k,
and if

da2kime da2kime(k2 k3/2K,)
(19)

(20)

kA/2

then,

but if kp=k.
then,

k, = 2K./k2 k3

k2 k3 = 2

and since neither k2 or k3 can be greater than unity, the condition
can only be met when there is no attenuation and k2 = k3 =1.

Thus the selectivity curve and the fidelity curve will not agree
when there is any substantial attenuation in the audio range.

Note that this result would not be altered by a square -law detector.

+-!b>-111441111.--.4
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ELECTRICAL INTERFERENCE IN MOTOR CAR RECEIVERS*

Br
LESLIE F. CURTIS

(United American Bosch Corporation, Springfield, Massachusetts)

Summary-In the high tension and low tension ignition circuits of present-day
motor cars there are three sources of high frequencytransients in time and space. In
the lighting generator there is another. These radiations and their reduction to ac-
ceptable levels to avoid pick-up by the supply and antenna leads to the receiver and
the best form of antenna are discussed.

INTRODUCTION

SINCE the installation of the first motor car radio, interference
originating in the circuits necessary for the proper functioning of
the car as a motor vehicle has been serious. With the advent of

motor car receivers having sensitivities of less than 5 microvolts these
effects have become even more bothersome.

It is the purpose of this paper to discuss the nature of these dis-
turbances and the practical means of reducing them to such levels that
their effects in the loud speaker are inaudible. We all dream of that
radio Utopia where noises from all sorts of electrical interference are
eliminated, but for the present, let us assume that circuits outside of
the car itself are beyond our control. Practically all motor vehicles
using radio are equipped with lighting generators and battery ignition
systems. The sources of interference with a magneto ignition system
are quite similar to those with a battery system. The battery system
will be discussed as being typical.

SOURCES OF INTERFERENCE

The interference originates in spark discharges
(a) at the spark plugs,
(b) at the high tension distributor or at poorly connected leads in

its circuit,
(c) at the low tension interrupter, or
(d) at the generator brushes.
These discharges produce transients consisting of an infinite series

of space and time harmonics' which are coupled to the receiver either
by radiation, by conduction along the car wiring and other insulated

* Decimal classification: R430. Original manuscript received by the
Institute, February 3, 1932. Presented before New York Meeting, February 3,
1932.

1 L. V. Bewley, "Transient oscillations of mutually coupled windings,"
paper presented before A.I.E.E., January 25-29, 1932.
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conductors, or by both.2 They recur at an audio rate, and are of suffi-
cient intensity to be picked up by the antenna even though the supply
leads to the receiver are filtered or shielded.

The pattern of the fields produced, by the discharges is exceedingly
intricate because of the peculiar space arrangement of the car body and
wiring. It varies with the firing of each cylinder, since the high tension
spark plug cables are not alike.

In some cases the voltage developed in a neighboring circuit by the
primary discharge is sufficient to produce a secondary spark which is in
turn a source of radiation. If corona appears on any part of the high
tension wiring, this may also cause interference.3

FREQUENCIES

The frequencies of the discharges are determined by the distributed
inductances and capacitances of the leads coupled to the various
sources. Since the leads are short and well insulated, these distributed
constants are small and the frequency spectrum of the most important
components of the radiation is well above the broadcast band.

Short-wave experimenters are acquainted with the fact that in the
Ahort-wave bands the radiation from passing motors is very trouble-

, some. An amateur who was particularly interested found that the
radio disturbance from a Model T Ford was most noticeable at a wave-
length of about five meters.

The author found standing waves on the low tension leads of an
ignition coil during a crude laboratory test a number of years ago. A
spark gap had been placed across the primary leads close to the coil.
Sparks here jumped a 1/32 -inch gap. At a distance of two feet from
the coil no spark could be produced across the smallest physical gap
between the same leads. Two feet must have been an appreciable por-
tion of a half wavelength.

It was also observed in checking interference due to commutator
sparking that by-passing a lead from one of the brushes with a small
condenser from one point to ground might reduce the interference,
while the same condenser moved along the wire only a foot might in-
crease it.

These recurrent short-wave impulses may produce an audio out-
put in a receiver turned in the broadcast band

(a) by reaching the last detector, in spite of circuit attenuation
(b) by beating each other at the frequency setting of the receiver

2 James G. Allen, "Radio interference," PROC. I.R.E., 17, 882; May, 1929.
3 F. 0. McMillan, "Radio interference from insulator corona," Jour.

A.I.E.E., 51, 3; January, 1932.
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and at a sufficiently high level to be demodulated in a tube
preceding the normal detector, or

(c) by actual extension into the broadcast frequency band.

SHIELDING

An obvious means of reducing the radio interference in any motor
installation fitted with spark ignition is by shielding the complete elec-
trical system. This method is standard practice in airplanes' and has
been successfully applied to motor cars.5

Complete shielding, however, is impractical in stock motor cars on
account of the complexity of wiring and the cost.

Shielding does not reduce the energy of the disturbance but merely
confines it within the enclosure of the shield. Partial shielding may even
increase the radiation from the remaining unshielded wiring by resonat-
ing parts of the circuit at frequencies nearer the broadcast band due to
the added capacitance of the covering to ground. Added capacitance
to ground may also, in some cases, render the ignition system unre-
liable.

A better remedy is to reduce the disturbances at their sources be-
low troublesome levels without impairing the operation of the vehicle.

Al

Fig. 1

RELATIVE LOCATION OF THE CIRCUITS

Fig. 1 shows schematically the location of the circuits which must
be considered. The heavy lines indicate the car body, usually of metal,
and the receiver chassis R, which are considered as the reference
ground. Al and A2 are alternative antennas. All of the initial disturb-
ances occur within the engine compartment. I is the high tension

4 H. Diamond and F. G. Gardner, "Engine ignition shielding for radio re-ception in aircraft," PROC. I.R.E., 18, 840; May, 1930.5 Paul 0. Farnham, "A broadcast receiver for use in automobiles," PROC.I.R.E., 18, 321; February, 1930.
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equipment on the car, feeds the primary winding of an ignition coil
through a cam -operated interrupter, run at one half crank shaft speed.

H.T.

L T.

I NT.

S

P P P

Fig. 2

The secondary winding of the coil is connected successively to the
spark plugs through a rotating distributor switch arm or rotor, operated
synchronously with the cam.

Fig. 3

The condenser C, across the interrupter contacts, aids in extin-
guishing the contact arcing and is of a size to resonate at a frequency
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of from 2000 to 3000 cycles per second with the primary inductance of
the coil.

Fig. 3 shows a low -frequency oscillogram of a typical battery igni-
tion system. It will be noted that there is a comparatively large oscilla-
tory coil voltage just after the interrupter opens. During the time
secondary current flows the high tension winding is practically short-
circuited and the frequency is of the order of 8000 cycles per second,
while with the secondary open, the frequency is of the order of 2300
cycles per second. The voltages which it is possible to show by s ch an
oscillogram are not those which cause interference, but, as will be
shown later, are of importance in the proper functioning of the ignition
system.

The successive periods in the ignition cycle are as follows:
(a) interrupter open-no current.
(b) interrupter closed-current building up.
(c) contacts start to open-primary current causes arc or spark at

contacts.
(d) contact spark extinguished-start of low -frequency oscillation

-common secondary cable rises in voltage.
(e) rotor gap voltage gradient allows breakdown-individual plug

cable rises in voltage.
(f) plug gap breaks down-secondary ignition current flows.
(g) ignition current ceases-oscillatory primary energy finally dis-

sipated.
While these periods follow each other at comparatively long inter-

vals as viewed from a radio standpoint, the transition points between
the last five involve sudden changes in dielectric fields and are causes
of high -frequency radiations.

Fig. 4 is a very much exaggerated time diagram showing these peri-
ods and the troublesome successive transition points marked W, X, Y,
and Z. Transition point W is associated with changes in the primary
circuit and will be considered later.

Transition points X, Y, and Z are due to sudden changes in the
secondary circuit and yield to the same treatment for the reduction of
interference.

The distributed inductances and capacitances of the spark plug
circuit are indicated very roughly in Fig. 5. It is impossible to represent
them accurately because of the variations in the cable lengths and in
the distances to engine block, hood, low tension leads, and to other
high tension leads for the different spark plugs.

Just previous to ignition, the potential of the common distributor
lead rises until the gradient across the rotor gap renders it conducting,



680 Curtis: Electrical Interference in Motor Car Receivers

after which the individual lead assumes the same potential. At the in-
stant of rotor breakdown, the stored energy in the field of the common
lead is redistributed along the whole length of the lead to the plug. This

Fig. 4

sudden change initiates high -frequency transients which may be sup-
pressed in the same way as the somewhat stronger transient at the
spark plug which is now to be considered.

U)

-

Fig. 5

At a critical voltage (about 6000 or 7000 volts), depending on the
fuel mixture, the temperature, and the separation of the plug elec-
trodes, a spark passes to ground at the plug, practically short-circuit-
ing this end of the high tension lead. The stored energy in the complex
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dielectric space field about the conductors all the way back to the coil
is discharged and is the source of a transient of considerable power.
This is reflected from the short-circuited plug and the coil at frequen-
cies depending on the distributed constants. That the transient voltage
is considerable, is evidenced by the fact that sparks may pass in cylin-
ders not under compression if the leads to the plugs in these cylinders
lie adjacent for any considerable distance to the one actually in the cir-

cuit.
Shielding only the high tension leads has the effect of increasing the

capacitance to ground and of increasing the energy to be released in
the high -frequency transient. Adding lumped series inductance changes
the frequencies and may reduce the number of harmonics radiated, but
does not decrease the energy, and can not be depended upon to elimi-
nate the interference.

s'ai Hama 0 WM. lift

.1

Fig. 6

IGNITION SUPPRESSORS

The most effective means of reducing these radiations is to insert
series resistance as close as possible to the sparking electrodes. A re-
sistor close to the rotor in the common lead, and individual resistors in
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the leads at the plugs are quite effective in increasing the damping of
the circuit to a point where it is nonradiating. Fig. 6 shows several
types of commercial suppressors, all of carbon mixtures. The long unit,
shown with two types of terminals and also disassembled, has a bake-
lite case to protect it from grounding. The porcelain covered units are
shown with two types of terminals, are sealed, and may not be disas-
sembled. The units of larger diameter were of earlier manufacture and
are discussed below.

These resistances must be capable of carrying high instantaneous
currents without deterioration and must have low terminal capaci-
tance to prevent coupling around them.

The first commercial resistors used as suppressors were of short
length, of comparatively large cross section and with large terminals as
shown. The resistance material was subjected to intense voltage gra-
dients causing luminous destructive discharges from particle to par-
ticle through the binder. The large terminals added self -capacitance to
the suppressor, and also to ground from the plug terminal, and were
rather ineffective. In some cases flash over actually occurred between
the terminals. A better suppressor was formed of a material of lower
specific resistance, of greater length and of smaller cross section. The
area of the terminal attached to the plug was reduced and the resistor
located as near as possible to the plug.

Spark plugs are now being manufactured with the resistance ma-
terial included inside the porcelain insulator. This construction still
further reduces the self -capacity of the resistor and the exposure of the
unprotected circuit.

It is predicted that when motor cars are factory equipped with
radios, it will be found advantageous to include the common series re-
sistance in the structure of the distributor rotor itself.

UNEXPECTED DISCHARGES

The high tension current easily passes through the cables from the
coil to the plugs even though the wire in the cable does not actually
make contact with the terminals. This often happens with installations
which have seen several thousand miles of service, and adds an unex-
pected source of interference. All cables should be checked for conti-
nuity to terminals to eliminate these extra sparks.

The interrupter mechanism is often mounted on a plate movable by
means of the spark -advance lever. Sometimes the whole distributor
housing is turned for advance and retard. In such cases it is necessary
to eliminate sparking through the oil and dirt between these metal
surfaces by shunting the joint with flexible braid.
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EFFECT OF SUPPRESSORS ON IGNITION

Even the smallest spark at the plug electrodes is capable of pro-
ducing ignition, but it may be produced only at a critical voltage. The
equivalent low -frequency diagram of the circuit involved is shown in
Fig. 7.

Fig. 7

g represents the conductance of the plug insulation and of any for-
eign deposit on its surface. At high engine temperatures, or at low
temperatures if the porcelain is wet, this may be considerable. With
large series resistances R1 and R2, the voltage developed across g during
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Fig. 8

the first half cycle of low -frequency oscillation may be insufficient to
produce a spark. Typical variations in available plug voltage as meas-
ured with a standard three -electrode ignition test gap with several
values of g and R are shown in Fig. 8. With excessive cable leakage or
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cable capacitance to ground these voltages would be further reduced.
Resistances of the order of 15000 ohms are usually perfectly satis-

factory from an ignition standpoint. These resistances are large enough
to reduce the interference materially, but even for these values, the
cables and plugs must be in good condition and the plug gaps must be
as small as is consistent with fuel mixture, compression, and engine
speed.

Low TENSION INTERFERENCE

Fig. 9 shows the primary circuit and the distributed constants in-
volved in interference originating at the interrupter and previously
mentioned as transition point W. (See Fig. 4.) The function of the con-
denser C1 connected across the interrupter is to form a low -frequency
oscillating circuit with the primary of the coil and to assist in extin-

,, cm
F -it---'

Fig. 9

guishing the arc or spark at the contacts. This capacitance must not
be increased in size as the frequency of primary oscillation and con-
sequently the induced voltage would be thereby reduced. Excessive
capacitance across these leads also causes pitting of the tungsten con-
tacts.

At low cam speeds it is possible that the contacts will be separated
only a microscopic distance before the voltage builds up across them
to a value causing a spark to again jump through the ionized space
between them. This is true only if the secondary voltage is not yet suf-
ficient to jump the plug electrodes. The contacts are then again prac-
tically short-circuited to ground, initiating high -frequency transients
along the lead between them and the coil. These transients are re-
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l fleeted from the coil and are conducted along the low-tension wiring

1 and radiated into space.
Resistance in series with the primary lead near the interrupter is

not allowable since this would reduce the primary current below an
operating value.

An additional condenser C2 on the supply terminal of the coil ef-
fectively grounds the high -frequency impulses at this point and pre-
vents their conduction along the supply lead. The lead from the coil to
the interrupter should be as short as possible and not coupled to other
conductors which might direct the impulses. In some cases it is advisa-
ble to shield this lead, carefully grounding it at the interrupter and coil
housings. Shielding this lead is usually necessary if the coil is mounted
on the bulkhead or under the instrument panel. The shielding and the
condenser C2, mentioned above, also serve to keep any interference from
residual high tension disturbances which were not eliminated by the
suppressors and which were by-passed to the low tension terminals
through the capacitance of the windings, from passing further along
the supply leads.

Both high tension and low tension disturbances are more easily elim-
inated if the coil is close to the distributor and no conductor between
the coil and interrupter is led to the instrument panel. This connection,
as well as the common high tension cable, should be as short as possible.

Fig. 10

COMMUTATOR INTERFERENCE

The circuits of a typical third brush lighting generator are shown in
Fig. 10. A spark at brush B originates transients which are conducted
along the live lead through the generator cut-out to the car wiring from
which they may be radiated. An effective means of eliminating this
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source of disturbance is to by-pass the live lead as near as possible to
the source. Condensers mounted on the cut-out cover are sometimes
ineffective because of the resistance of the cover to ground. The ground
connection should be as short as possible and securely bonded to the
generator frame. The completed job should be checked at all engine
speeds since brush sparking depends on both load and speed.6

If a dynamotor is used as a source of plate potential, the low voltage
side may be treated in the same way as the lighting generator. The
high voltage side must be filtered both for low -frequency commutator
ripple and for the high -frequency transients originating at either set of
brushes. In a dynamotor, spark disturbances at the low voltage brushes
are coupled through the windings to the high -voltage commutator.

Since the current in the high voltage circuit is small, resistance-
capacitance filters are quite as effective as inductance -capacitance fil-
ters.

Fig. 11

Fig. 11 shows a typical filter for a commutator in a plate supply
circuit. R1 is as close to the brush as possible, and the first filter section
is completed by high -frequency condenser C1 having short leads. Con-
densers C2 and C3 (which may have long leads) with resistance R2 form
a r section to remove the low -frequency ripple. Resistors R3 and R4
serve as a potential divider for intermediate voltages.

RESIDUAL INTERFERENCE

In spite of precautions taken as described, it is safe to say that in
every case the disturbances are not completely eliminated but are only
reduced in level. Conditions of coupling and radiation vary widely be-
tween different models of cars and even between chasses which are sup -

6 R. E. Hellmond and L. R. Ludwig, "Commutation considered as a switch-ing phenomenon," paper presented before A.I.E.E., January 25-29, 1932.
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posedly identical. Where the engine is mounted on rubber and the con-

nections from the car body to the frame vary in resistance or actually

fail to make contact, the complex high -frequency field is radically

changed. Long common returns for high- and low -frequency circuits

are often a source of trouble. It is therefore advisable to filter or shield

the supply leads entering the receiver. Since the filaments must be sup-

plied by the same battery which is connected to the devices causing the

interference, shielding the filament leads is usually ineffective unless

both leads and shield are carried directly to the battery terminals.
These leads may remain entirely unshielded if a choke and condenser

filter is provided where the live lead enters the grounded receiver

chassis.
The leads from the B battery or the B eliminator may remain un-

shielded if they are not closely coupled to interference circuits and if

a by-pass condenser is used where each lead enters the receiver housing.

Interference tests are usually made by listening for noise in the

loud speaker with the receiver adjusted to full sensitivity but in the

absence of a modulated carrier. This should be done in a location where

the external interference is low. The engine hood should be closed and

latched to prevent other than normal radiation from the engine com-

partment.
PROCEDURE IN INSTALLATION

In making a motor car radio installation it is well to proceed in the

following manner:

(a) Install the receiver chassis, speaker, and accessories. Use a
shielded antenna lead and make sure that both the chassis and
shielding braid are carefully grounded.

(b) Check the ignition system for the condition of the spark plugs

and the interrupter contacts. Make sure that all high tension
cables actually contact with the terminals at the distributor,
plugs, or coil. Replace all leaky high tension cables.

(c) Connect the rotor and spark plug suppressors, the generator
condenser, and the condenser on the supply side of the coil.
Make sure that the resistors are close to the proper terminals
and keep the condenser leads short.

(d) If the coil supply lead passes through the same conduit with
the high tension cables move it to a position where it will be
coupled to them as little as possible.

(e) Make sure that the interrupter mechanism is actually grounded
-if necessary shunt it to the engine frame.
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If interference still exists proceed in the following order:-
(f) If the coil is far from the distributor, move it if it is allowed.
(g) If the coil must remain remote from the distributor, shield the

lead from the coil to the interrupter and ground the metal
braid to the coil and the distributor housings.

(h) Be sure that the coil housing is well grounded to the engine
block. If it is still mounted on the bulkhead, ground it through
a flexible braided lead.

(i) Clamp all the low voltage wiring as close to the car frame as
possible.

(j) Shield the 6 -volt supply leads to the receiver and carry them
back to the battery terminals.

(k) Check the interference with the dome light leads disconnected
as near the source of interference as possible. If this reduces the
interference insert a filter in these leads.

(1) Check the grounding of the steering column. If necessary add
a flexible copper braid between the tube and the car frame.

(m) If the common high tension lead is long, shield it with copper
braid, grounding the braid as often as possible along its length.

(n) Try other logical expedients suggested by the particular in-
stallation.

CONCLUSIONS

From the above it is seen that electrical interference originating in
ipotor cars is quite similar to other better known applications of high-
frequency phenomena. The elimination of all interference is limited by
definite requirements of the original electrical system of the car. A good
installation may be made in most cases by following definite rules. For
those stubborn cases, for which no cure seems adequate, the problem
should be tackled by a trained radio mechanic, and not by one who is
skilled only in the mechanics of automobiles.
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TABLES OF NORTH ATLANTIC RADIO TRANSMISSION
CONDITIONS FOR LONG -WAVE DAYLIGHT SIGNALS

FOR THE YEARS 1922 1930'

BY

L. W. AUSTIN
(Laboratory for Special Radio Transmission Research, Bureau of Standards, Washington, D.C.)

HE following tables represent daylight transmission conditions
between Europe and the northeastern United States for wave-
lengths between 13,000 and 20,000 m (15-23 kc). These are

derived from signal intensity measurements made in Washington on a
number of long -wave European transmitting stations averaged ac-
cording to a method previously described.' The measurements in
Washington are made at such times that daylight conditions exist over
the whole of each of the signal paths.

The errors of the averaged values of signal field intensity as given
in the tables are estimated not to exceed + 25 per cent in 1922, + 20
per cent in 1923, ± 15 per cent in 1924 and 1925, and ± 10 per cent
from 1926 to 1930.

In issuing these tables, the author wishes to acknowledge his in-
debtedness to his assistants, E. B. Judson, who has taken most of the
field strength observations, and S. E. Reymer, who has performed the
necessary calculations.

TRANSMITTING STATION DATA

Station Approximate Frequency and Wavelength
X

kc m
Bordeaux, France (FYL) 15.7 19,100*
Nauen, Germany (DFW) 23.1 13,000
Ste. Assise, France (FTT) 21.0 14,300
Ste. Assise, France (FTU) 15.2 19,700
Nauen, Germany (DFY) 16.6 18,100
Rugby, England (GBR) 16.0 18,700
Rome, Italy (IRB) 20.8 14,400
Kootwijk, Holland (PCG) 16.8 17,800

* Before June, 1923, the wavelength of FYL was 23,400 m (12.8 kc).

* Decimal classification: 8113.2. Original manuscript received by the
Institute, November 28, 1931. Publication approved by the Director of the
Bureau of Standards of the U. S., Department of Commerce.

1 PROC. I.R.E., 19, 1615,1931.
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NORTH ATLANTIC DAYLIGHT RADIO TRANSMISSION
CONDITIONS

1922

Microvolts per Meter.

Date Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1 33 29 51 23 34 35 31 - 36 -
2 27 - 46 34 - 30 35 30 19 27
3 26 36 48 25 51 29 21 43 -
4 25 32 33 30 - 31 - 36 22 35
5 21 30 - 35 40 36 27 30

6 31 36 12 - 48 36 26 32 27
7 23 42 - 60 40 36 30 39 34 29
8 33 33 34 34 32 26 24 - 14 18
9 39 - 48 20 - 26 37 34 13 16

10 39 39 55 - 34 29 - 34 9 -
11 28 48 43 - 33 30 35 30 6 14
12 - 59 39 23 38 33 33 32 - 21
13 26 70 32 21 43 - 51 26 16 -
14 30 11 - 24 35 33 40 - 18 30
15 31 31 34 35 34 28 32 - 10 18

16 34 - 25 25 32 33 43 13 15
17 39 27 26 27 40 34 - 30 22 -
18 28 32 - - - 18 41 9 21
19 - 41 21 22 44

.27
25 27 - - 15

20 20 47 7 13 34 32 39 10 27

21 22 40 43 26 38 44 38 - 19
22 30 54 32 30 30 28 - 7 26
23 38 - 38 27 - 28 50 34 7 28
24 45 57 - 45 31 - - 26
25 28 51 77 34 34 30 26 27

26 47 44 55 42 34 39 21 - 19
27 27 43 46 27 27 - 32 21 34 26
28 34 42 - 26 - 30 34 4 25 929 50 43 47 47 42 35 29 - 21 1330 32 - 34 - 32 I-7 - 1731 16 36 29 - 26

Monthly
Average 31 40 38 31 37 31 34 29 20 22

- No observation.
Stations averaged: Nauen, DFW; and Bordeaux, FYL.
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NORTH ATLANTIC DAYLIGHT RADIO TRANSMISSION
CONDITIONS

1923

Microvolts per Meter.

Date Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1 - 21 35 - 37 38 - 42 87 55 39 8
2 11 31 38 - 26 26 44 37 - 51 22 -
3 35 28 45 35 11 - 52 52 - 45 38 -
4 38 - - 65 5 36 - 35 27 55 - -
5 45 33 43 30 28 - 45 - 65 56 25 6

6 27 33 23 45 - 30 35 35 52 23 37 9

7 - 53 32 47 32 33 22 32 46 - 37 11

8 37 40 29 - 19 41 - - 63 39 59 12

9 48 38 30 29 31 16 37 - - 54 38 -
10 34 39 28 37 24 - 27 - 67 52 41 16

11 39 - - 40 50 28 35 35 75 50 - 16

12 29 32 26 38 50 23 43 - 64 65 15 14

13 40 25 24 47 - 43 33 37 54 52 34 12

14 - 34 28 28 15 33 19 40 60 - 38 12

15 37 45 29 - 18 45 - 37 55 32 39 18

16 34 35 25 35 29 29 19 38 - 29 33 -
17 38 31 40 17 49 - 67 37 39 35 42 23

18 25 - - 26 34 42 48 37 34 45 - 16
19 35 31 40 26 53 48 48 - 45 37 30 -
20 18 26 39 36 - 43 61 48 40 33 62 -
21 - 29 42 29 - 57 37 38 33 - 25 14
22 37 - 38 - 48 35 - 30 32 27 40 7

23 48 35 45 24 48 40 65 39 - 32 33 -
24 44 30 42 36 45 - 50 31 37 45 22 15

25 36 - - 35 59 43 48 29 54 34 -
26 29 28 62 52 48 29 79 - 45 33 31 26
27 32 59 54 45 - 43 - 46 40 35 25 12

28 - 52 41 58 45 35 - 39 45 33 13 22
29 40 52 - 39 41 - 41 45 37 - 23
30 37 52 52 - 34 55 29 - 37 14 -
31 35 48 26 48 42 32 19

Monthly
Average 35 35 38 38 35 36 44 38 50 41 33 15

- No observation.
Stations averaged: Nauen, DFW; and Ste. Again, FTT.
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NORTH ATLANTIC DAYLIGHT RADIO TRANSMISSION
CONDITIONS

1924

Microvolts per Meter

Date Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1 - 61 23 26 18 - 34 30 - 44 22 29
2 20 45 - 31 20 34 29 38 33 40 - 22
3 28 - 41 47 15 25 - - 43 42 21 22
4 30 18 39 39 - 32 - 30 32 44 20 28
5 30 32 51 46 30 37 - 38 30 - 17 37

6 - 31 39 - 31 30 - 49 - 40 16 49
7 36 30 43 45 41 24 25 22 - 39 15 -
8 25 46 24 39 19 - - 26 55 42 21 32
9 33 30 - 42 26 14 23 29 45 48 - -

10 40 - 40 45 27 30 23 - 35 47 29 35

11 20 41 50 29 - 24 33 29 45 36 21 21
12 35 22 31 38 25 29 30 26 49 - 24 -
13 - 34 35 - 27 24 - 27 49 36 18 12
14 21 16 37 22 24 32 37 24 - 46 18 -
15 27 19 27 26 23 - 28 33 41 38 15 18

16 20 28 - 20 22 44 27 27 48 37 - 11
17 23 - 38 30 23 13 29 - 40 27 29 24
18 18 27 33 36 - 26 47 33 44 40 18 20
19 16 35 28 23 27 28 39 38 41 - 33 22
20 - 19 23 - 33 34 - 42 43 29 22 16

21 23 45 28 22 25 31 34 26 - 33 16 -
22 24 - 33 19 35 - 27 - 39 37 17 26
23 26 51 - 31 40 37 34 33 42 33 - 37
24 28 - 30 32 27 26 32 - 50 34 18 24
25 22 34 31 33 - 32 30 24 43 42 17 -
26 31 37 24 31 33 22 31 27 46 - 22 10
27 - 43 35 - 36 38 - 42 35 13 - 22
28 26 45 32 30 30 29 42 28 - 18 20 -
29 34 28 25 18 18 - 28 29 29 26 15 20
30 32 - 11 - 38 35 30 41 26 - 22
31 74 34 34 31 - 25 21

Monthly
Average 29 34 34 31 27 29 32 31 42 36 20 24

- No observation.
Stations averaged: Nauen, DFW; Bordeaux, FYL; Ste. Assise, FTT and FTU.
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NORTH ATLANTIC DAYLIGHT RADIO TRANSMISSION
CONDITIONS

1925

Microvolts per Meter

Date Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1 - - 40 28 37 43 40 46 30 - 27
2 24 24 39 27 35 31 21 - 56 34 30 27
3 22 20 49 27 - 37 - 41 51 30 - 24
4 - 32 - 24 - 42 - 39 27 - 39 33
5 - 21 37 - 31 34 - 40 38 38 44 19

6 - 23 35 26 34 38 43 44 - 40 - -
7 20 25 26 32 28 - 34 46 - 41 23 30
8 20 - - 32 36 27 38 54 45 44 - 52
9 28 - 28 - 33 33 51 - 63 48 21 32

10 20 23 27 41 - 31 33 45 46 43 36 33

11 - 18 32 29 32 35 35 46 56 - 41 28
12 16 31 27 - 47 28 - 47 44 36 33 31
13 20 25 26 46 41 36 30 50 - 45 37 -
14 22 24 33 28 32 - 39 35 50 46 37 27
15 24 - - 44 30 41 36 35 48 51 - 35

16 35 15 31 37 32 29 23 - 22 28 34 25
17 26 22 27 37 - 32 37 21 49 24 30 28
18 41 13 28 25 42 44 30 44 48 - 29 38
19 26 34 25 - 53 31 - 40 43 38 30 42
20 24 - 33 31 31 35 32 34 - 24 47 -
21 25 32 37 24 45 - 33 33 24 35 30 31
22 12 - - 26 34 31 37 - 42 40 - 27
23 37 - 36 22 41 32 38 - 54 39 26 41
24 53 34 31 25 - 30 38 50 42 37 34 31
25 - 38 35 24 32 42 39 51 43 - 29 -
26 28 42 27 - 33 34 - 67 41 34 - -
27 25 38 32 - 28 33 44 60 - 38 23 -
28 28 36 21 - 25 - - 44 46 44 30 34
29 33 - 43 28 40 26 57 54 42 - 35
30 22 22 40 - 37 33 - 36 37 33 48
31 23 28 - 42 50 28 27

Monthly
Average 26 27 31 32 35 35 36 45 45 37 33 32

- No observation.
Stations averaged; Nauen, DFW and DFY; Bordeaux, FYL; and Ste. Assise, FTT and FTU.
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NORTH ATLANTIC DAYLIGHT RADIO TRANSMISSION
CONDITIONS

1926

Microvolts per Meter

Date Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1 - 50 52 32 41 44 39 - 39 46 38., 36
2 58 45 46 33 - 37 30 36 40 34 33 29
3 - 38 49 27 36 42 26 35 41 .- 38 34
4 37 40 42 - 53 36 - 43 47 30 22 -
5 47 48 37 28 47 31 19 36 - 36 26 -
6 35 36 44 35 47 - 24 48 - 31 17 34
7 25 - - 28 43 34 - 37 34 42 - 33
8 40 42 46 36 39 43 35 - 39 39 20 30
9 30 31 49 44 - 46 35 44 43 34 24 33

10 - 32 61 24 38 31 34 41 50 - 32 25

11 33 42 45 - 41 30 - 42 44 26 24 32
12 31 41 39 43 45 35 31 32 - 36 30 -
13 41 42 48 41 46 - 31 28 59 24 22 25
14 43 - - 39 50 21 33 34 46 24 - 30
15 28 33 46 46 57 43 34 - 64 - 29 27

16 43 37 27 - - 54 32 35 42 42 21 36
17 - 31 38 36 55 50 36 41 44 - 25 31
18 32 36 40 - 47 45 - 38 61 41 35 -
19 43 29 32 57 42 59 35 32 - - 20 -
20 39 31 33 51 37 - 38 28 - - 17 34

21 24 - - 57 52 45 41 28 34 34 - 30
22 22 - - 56 55 33 32 - 48 37 23 27
23 43 55 37 61 - 38 37 43 51 36 23 33
24 - 49 35 52 40 32 33 28 47 - 21 34
25 - 57 34 - 43 39 - 25 48 42 -
26 53 48 44 33 37 27 39 40 - 46 21 -
27 38 63 53 55 45 - 42 42 52 32 - 31
28 42 - - 52 37 42 40 37 41 44 - 29
29 61 25 51 44 38 37 - ,--- 29 52 26
30 57 34 53 - 37 34 30 - 29 34 32
31 32 37 28 28

Monthly
Average 39 42 41 43 45 39 34 36 46 35 27 31

- No observation.
Stations averaged: Nauen, DFW and DFY; Bordeaux, FYL; Ste. Assise, FTT and FTU; andRugby, GBR.
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NORTH ATLANTIC DAYLIGHT RADIO TRANSMISSION
CONDITIONS

1927

Microvolts per Meter

Date Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1 - 28 - 50 - 61 56 41 55 45 42 37

2 - 26 23 55 45 61 - 47 55 - 36 32

3 37 28 32 68 39 54 - 58 40 45 29 40

4 33 25 34 53 35 59 - 51 - 49 41 -
5 33 29 28 39 37 - 47 48 - 45 47 41

6 29 - - 44 29 60 55 45 58 52 - 33

7 26 31 32 45 36 47 35 - 57 47 28 34

8 48 22 30 49 - 49 49 49 51 41 27 25

9 - 29 32 39 38 52 58 54 50 - 23 27

10 41 41 33 29 - 46 .- 59 46 48 38 30

11 36 30 39 47 34 42 53 47 - 45 31 -
12 40 33 39 41 73 - 48 57 40 52 29 30

13 38 - - 41 46 47 45 47 38 59 - 25

14 31 31 36 38 - 43 39 - 49 137 48 32

15 33 17 36 42 - 39 - 38 50 59 37 37

16 - 35 32 48 - 46 32 51 50 - 19 32

17 40 29 44 - - 43 - 51 61 39 16 43

18 36 16 45 45 58 45 - 41 - 33 29 -
19 35 22 43 42 45 - 47 61 49 65 34 35

20 32 - - 43 42 24 64 - 44 37 - 35

21 29 29 29 49 41 46 32 - 55 49 35 47

22 24 - 46 34 - 52 53 64 38 39 42 32

23 - 35 56 43 21 54 49 50 39 - 33 38

24 54 32 44 - 27 51 - 54 49 51 - -
25 39 34 38 51 30 45 57 37 - 49 49 -
26 31 32 43 43 47 - 46 48 72 44 37 -
27 34 - - 47 34 68 - 46 47 51 - 60

28 34 33 59 - 38 55 47 - 49 49 26 41

29 28 47 33 - 46 52 50 59 37 35 43

30 - 55 35 - 47 67 43 51 - 28 -
31 34 62 44 - 50 61 47

Monthly
Average 35 29 40 44 40 49 49 50 50 51 34 36

- No observation.
Stations averaged: Nauen, DFW and DFY; Bordeaux, FYL; Ste. Assise, FTT and FTU; and

Rugby, GBR.
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NORTH ATLANTIC DAYLIGHT RADIO TRANSMISSION
CONDITIONS

1928

Microvolts per Meter

Date Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1 - 43 - - 37 - - 34 57 28 35
2 - 36 46 - 38 39 - 34 - 41 29 -
3 50 33 - 40 31 - 45 36 - 32 31 40
4 51 26 - 33 38 48 - 31 52 37 - 41
5 29 - 32 44 32 39 45 - 43 36 29 54

6 34 29 35 31 - 41 36 37 46 35 31 55
7 31 21 28 43 50 47 37 49 35 - 26 41
8 - 31 31 - 39 38 - 33 50 26 20 49
9 26 30 34 44 43 46 40 23 - 61 36 -

10 30 37 32 34 - - 40 23 53 49 35 50

11 37 36 - 26 43 55 43 38 42 44 - 49
12 39 - 41 39 42 47 40 - 44 41 18 49
13 - 32 34 34 - 36 42 33 34 41 18 44
14 38 - 35 29 46 44 38 49 43 - 21 39
15 - 35 - 46 40 - 24 26 49 - 47

16 28 37 37 30 42 42 43 50 - 34 36 -
17 34 35 39 30 40 - 40 46 42 38 27 39
18 36 32 - 41 31 37 50 41 45 47 - 43
19 15 - 33 - 38 17 38 - 43 33 16 36
20 15 27 34 - - 25 - - 35 37 25 39

21 23 26 35 - 17 25 32 26 41 - 24 35
22 - - 31 - 25 28 - 36 - 37 38 35
23 17 26 30 41 33 19 36 41 - 30 38 -
24 - 36 42 39 32 - 35 45 55 38 33 -
25 33 25 - 33 44 26 39 52 45 37 -
26 30 - 27 38 32 39 45 - 70 33 41 46
27 28 30 17 20 - 41 46 44 80 39 - 47
28 - 32 38 43 42 49 45 32 59 - - 49
29 - 37 33 - - 38 - 35 47, 26 - 40
30 28 29 51 - 36 44 39 - 24 34 -
31 39 41 62 44 42 24 50

Monthly
Average 32 32 34 36 39 38 41 38 46 38 29 44

- No observation.
Stations averaged: Nauen, DFW and DFY; Bordeaux, FYL; Ste. Assise, FTT; Rome, IRB; and

Kootwijk, PCG.
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NORTH ATLANTIC DAYLIGHT RADIO TRANSMISSION
CONDITIONS

1929

Microvolts per Meter

Date Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1 - 31 39 50 29 40 36 35 - 39 20 -
2 31 36 35 60 25 - 40 38 - 17 26 16

3 - - - 42 42 34 37 32 38 29 - 25

4 35 49 - 35 35 43 - - 40 27 19 35

5 27 38 42 24 - 35 - 41 48 39 30 41

6 - 21 - 44 38 45 44 - 40 - 40 36

7 39 34 46 - 37 39 - 35 37 44 30 51

8 33 29 42 29 34 - 47 35 - 35 40 24

9 41 38 34 34 35 - 39 32 39 30 37 27

10 43 - - 38 32 39 36 35 37 34 - 41

11 36 49 38 30 32 27 32 - 43 37 30 39

12 36 40 39 38 - 25 41 43 47 26 15 38

13 - 33 - 51 50 36 36 41 43 - 16 21

14 36 35 - - - 40 - 29 39 19 15 26

15 35 34 - 37 - 39 42 39 - 28 14 -
16 52 35 - 29 37 - 39 40 42 28 21 -
17 29 - - 44 47 35 37 38 26 28 - 55

18 38 38 59 43 43 32 38 - 41 35 24 20

19 38 56 48 38 - 31 70 37 28 38 47 19

20 - 45 67 32 - 30 71 47 37 - 47 36

21 39 52 36 - 41 35 - 43 36 38 41 37

22 33 - 56 23 45 31 35 58 - - 32 -
23 42 49 43 46 47 - 37 39 29 21 35 34

24 33 - - 30 36 32 40 40 42 26 - -
25 32 43 55 - 41 35 33 - 41 42 31 -
26 28 38 45 27 - 39 43 38 40 32 30 48

27 - 52 46 39 40 73 36 35 42 - 38 -
28 29 52 40 - 34 50 - 44 34 22 - 35

29 40 44 34 33 36 61 41 - 27 32 -
30 34 39 25 - - 41 48 23 12 43 52

31 42 - 32 34 42 24 36

Monthly
Average 36 40 45 37 38 37 42 39 38 30 30 34

- No observation.
Stations averaged: Nauen, DFW and DFY; Bordeaux, FYL; Ste. Assise, FTT; Rugby, GBR;

Rome, IRB; and Kootwijk, PCG.
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NORTH ATLANTIC DAYLIGHT RADIO TRANSMISSION
CONDITIONS

1930

Microvolts per Meter

Date Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

1 - 31 42 42 36 - 37 63 - 81 99 57
2 29 - - 41 40 65 81 - 47 63 - 56
3 25 42 36 11 41 49 53 58 50 59 22 62
4 35 18 34 38 - 53 - - 48 42 22 53
5 - 29 28 40 52 52 - - 44 - 38 50

6 41 41 46 - 37 49 - 53 96 35 60
7 34 38 33 42 67 61 59 - 82 45 61
8 27 25 27 66 48 - 47 39 53 88 47 45
9 30 - - 59 58 - 37 55 102 - 40

10 - 34 40 57 31 31 42 59 56 27 60

11 33 31 31 45 - 40 30 45 54 61 43 57
12 - 45 33 80 50 56 35 44 51 - 41 65
13 25 14 42 - 43 48 - 56 48 47 35 61
14 19 32 43 87 44 54 - 56 - 41 26 68
15 26 43 43 76 40 - 63 63 42 43 25 68

16 53 - - 39 38 - 57 67 44 46 41 58
17 40 50 39 44 43 - 61 - 46 56 38 58
18 21 48 58 43 - - 56 73 38 49 39 49
19 - 36 51 55 22 32 52 88 47 - 28 85
20 39 31 38 - 38 30 - 143. 45 61 37 48

21 27 29 50 58 - 43 49 46 - 61 19 45
22 21 - 61 45 - - 50 72 54 68 18 60
23 50 - - 39 30 - 46 92 60 74 40 46
24 39 32 27 44 50 53 44 - 62 55 34 60
25 48 37 26 - - 35 49 84 54 55 50 -
26 - 15 30 54 40 32 54 72 45 - 60 5527 23 29 41 - 46 33 - 80 23 44 49 6328 - 25 45 27 35 35 38 63 - 98 46 72
29 22 52 45 40 - 50 72 67 55 51 5830 13 - 44 - 32 58 64 62- 98 73 7531 42 37 - 48 40

Monthly
Average 32 33 40 49 42 44 50 69 50 64 40 58

- No observation.
Stations averaged: Nauen, DFW and DFY; Bordeaux, FYL; Ste. Assise, FTT; Rugby, GBR;Rome, IRB; and Kootwijk, PCG.
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SOME EFFECTS OF TOPOGRAPHY AND GROUND
ON SHORT-WAVE RECEPTION*

BY
R. K. POTTER' AND H. T. FRiis2

('American Telephone and Telegraph Company, New York, N. Y.; 'Bell Telephone
Laboratories, New 1 ark, N

Summary-This paper contains some results of an experimental study of the

effects which ground and ground irregularities have upon short-wave signal recep-
tion. The results illustrate the signal strength advantage to be gained in the selection
of suitable ground or topographical conditions and show the influence of antenna
types, and vertical angle of signal arrival, upon such an advantage. Although the
tests were confined to reception, the conclusions are probably applicable in general to
the case of transmission. The agreement between measurement data and theory seems
to justify the application of plane wave optical theory to the calculation of vertical
plane directivity of antennas. Such an application suggests, according to the data
obtained, that signals from South America are normally received at much lower ver-

tical angles than those from England.

INTRODUCTION

HE importance of the effects of various types of ground and
ground irregularities on the reception of short-wave signals was
realized to some extent during the early experimental work on

short waves. The magnitude of the effect of surface irregularities first
came to our attention when one of the authors' a few years ago found a
considerable improvement in reception of signals from South America
when the receiving antenna was located at the brow of a hill on the
short-wave receiving site near Netcong, N. J. At about this same time
a test conducted in connection with the ship -to -shore problem had also
served to bring out some peculiar effects, particularly those of seaside
and marshy surroundings.2 It was therefore thought advisable to make
a more general study of the reception of short-wave signals at several
widely different locations. Some of the results of this work are pre-
sented in this paper.

SIGNAL MEASUREMENT METHODS

All the measurements were made with measuring sets of a type
which has been in use in the Bell System for several years.3 An auto-

* Decimal classification: R113. Original manuscript received by the Insti-
tute, October 6, 1931.

1 R. K. Potter.
2 R. A. Heising, "Effect of shore station location upon signals," PROC. I.R.E.

20, 77-87; January, 1932.
3 H. T. Friis and E. Bruce, "A radio field strength measuring system for

frequencies up to forty megacycles," PROC. I.R.E., August, 1926.
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700 Potter and Friis: Short -Wave Reception

matic recording attachment made up of a modified Leeds and North-
rup recorder was used in several cases. This recorder, a photograph of
which is shown in Fig. 1, gives a continuous record of the voltage de-
livered by the antenna, integrating this voltage over a period of ten

Fig. 1-Field strength measuring set with automatic recorder.

seconds, by means of a condenser -resistance circuit. The recorder mech-
anism tends to maintain the output of the receiver at a constant
level by changing the receiver attenuator setting at the end of each
ten seconds.
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The antennas used in these tests were, in general, not elevated more
than a half wavelength above ground. They consisted of short vertical
rods or half -wave wires. With the constants of the antenna known the
received field may he expressed in microvolts per meter.' In the tests
described, however, the interest is confined to the relative signal out-
put of separate receiving systems, the distance between comparison
sites being such that it is reasonable to assume that the strength of in-
cident signal arriving from a source several thousand miles away was on

the average the same at the comparison points. The procedure was,
therefore, to have two sets of apparatus as nearly similar as possible,
and to operate them simultaneously at the two sites which were under
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Fig. 2-Section of contour map showing situation of Netcong measuring sites in
relation to hill brow and direction of signal arrival. Below, approximate pro-
file of slope toward South America.

comparison. Careful checks were made before and after every test to
assure that this apparatus was functioning properly. These checks were
made by setting up the measuring sets with their associated antennas
about three wavelengths apart and making simultaneous measure-
ments of the same signal. The check measurements usually agreed
within one decibels (1.1 times).

4 Due to ground reflections, field strength measurements do not, in general,
refer to the incident field alone but always the combined effect of the direct and
reflected waves. For this reason the interpretation of measurements in micro-
volts per meter at short wavelengths loses much of its significance. When an ex-
tended antenna such as a vertical half wave is used the matter is still further
complicated on account of the variation of field over the antenna length.

The voltage ratio expressed in decibels is 20 logo (output voltage ratio).
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THE EFFECT OF TOPOGRAPHY

During the summer of 1929 prior to the establishment of the radio-
telephone circuit to South America a large number of field strength
measurements were made on South American short-wave stations at
the short-wave receiving terminal located near Netcong, N. J. Simul-
taneous measurements were made on different parts of the site with
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from hill brow. Measurements with vertical antenna and loop on 14.75 mc.

the object of determining the advantage to be derived from a particular
location of receiving antennas.

The Netcong site is on the flat top of a ridge three or four hundred
feet above the surrounding valleys. In the direction of South America
the hill breaks rather abruptly from a gradual slope to a grade of be-
tween twenty and thirty degrees. In the upper part of Fig. 2 is shown
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the site in contour as taken from the U.S.G.S. map.6 At the bottom of
Fig. 2 is shown a profile of the hill in the direction of South America.
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The early measurements indicated that the fields near the brow of
the hill were on the average very appreciably higher than those about

 lo

13

12

11

10

7

Average

Advantage

ri

Rill

dd
of brew

88

of

5

3

14
Yi
k

8
k

14 a 8

GMT

Fig. 5-Short period trend of signal strength advantage at brow of hill toward
South America over reception 1000 feet back for PJZ (Curacao) on 12.195-
mc vertical antennas.

a thousand feet back from this point. To test the effect more accurately
than was possible without extended observations of the fading signals

6 U. S. Geological Survey topographical map, New Jersey-Lake Hopat-
cong quadrangle.
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from distant stations an oscillator was set up on another high hill,
about four miles away, in the direction of South America. The oscilla-
tor location was clearly visible from the ground level at all of the meas-
urement points, although the angle of reception was slightly below the
horizontal. The relative fields (at 14.75 megacycles) as measured on a
four -foot vertical rod and a thirty-five centimeter loop are shown in
Fig. 3. Though the ground over the edge of the hill was too rough to
set up a measuring set conveniently, it appears from one measurement
that the fields continued to increase below the brow. Subsequent
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Fig. 6-Diurnal trend of signal strength advantage at brow of hill toward South
America over reception 1000 feet back for LSE (Buenos Aires) on 20.54-mc
vertical antennas.

check measurements indicated that the divergence of the curves for
the loop and vertical antenna in Fig. 3 was real.

With one measuring set at the brow of the hill toward South Amer-
ica and another 1000 feet to the rear, field strength measurements were
made manually of signals received from the direction of South America.
Some representative results are shown in Figs. 4, 5, and 6. The field
strength advantage at the brow of the hill is expressed in decibels. The
average increase in field according to these earlier measurements
amounted to something over 6 db (2.0 times) and on occasions was
considerably greater. The advantage of the hill brow site was always
highest toward the beginning and end of the period during which the
frequency of the signal measured would normally be used. This is il-
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lustrated by the incomplete diurnal characteristics of Figs. 4 and 6.
t That these times probably correspond to the times when the vertical

angle of reception is lowest, will he evnlent later in the discussion.
In Fig. 7 are some 1`,.31 -megacycle measurements of transmission

from N\ NI) at 1)cttl Beach. N..1., which. as shown by Fig. 2, lies in a
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Fig. 7-Diurnal variation in signal strength advantage at brow of hill over re-
ception 1000 feet back for NV ND on 18.34 me (60 miles away in direction of
slope).

direction nearly perpendicular to the brow of the hill about sixty miles
away. Although there was a substantial advantage at the brow of the
hill the diurnal variation from day to day for this short range case
seemed to be quite erratic. This may have been in some way related to
the fact that the receiving site at Netcong is some eighty degrees off
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the main lobe of the directive pattern for the WND array facing Eng-
land, or possibly to a change in the proportion of signal contributed by
a high angle sky wave.
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In Fig. 8 is illustrated the advantage of reception at the brow of the
hill for signals from England. As shown in Fig. 2 this direction is ap-
proximately at right angles to the direction of the slope. Although, over
short periods of time, there may be a considerable difference in meas-
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uring set output for signals from England at the two points, there is

i' little or no difference when the measurements are averaged for several

hours. While the curves of Fig. 8 are only for a particular station and
frequency, they are, in general, representative of meaurements that
were made on other stations in this same direction and on other fre-

t quencies.
During the latter part of 1930, a further test of the reception ad -

v vantage near the brow of the hill described above was made with field

F strength measuring sets equipped with the type of automatic field
recorder previously described. Using two of these automatic field

t strength recorders with half -wave vertical antennas, relative fields from
station LSN (Buenos Aires) on 21.020 megacycles were measured
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Fig. 9-Variation of signal output from vertical half -wave antenna with distance
from hill brow toward South America at Netcong referred to Holmdel sig-
nal-LSN on 21.02 mc.

1000

simultaneously at the Bell Telephone Laboratories' experimental site
near Holmdel, N. J., and at one of three points at different distances

from the hill brow on the Netcong site. (The ground in the vicinity of
the Holmdel site is comparatively flat for some distance in the direction
of reception.) On successive days measurements were made at the Net-
cong site near the brow of the hill, and approximately 500 and 1000
feet back. In Fig. 9 are shown, expressed in decibels, the average rela-
tive levels of fields for the three Netcong points obtained by compari-
son with simultaneous measurements at Holmdel. Incidentally the
slope of the curve in Fig. 9 may be some indication of the distance to
which the constants of the ground surrounding a 21 -megacycle receiv-

ing antenna may have an appreciable effect upon the received signal
intensity.
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During January, 1931, further tests were made to ascertain whe-
ther this hill brow advantage was confined to reception of the vertical
component of the electric field. Identical horizontal doublets, each
three-quarters of a wavelength long and one-half wavelength above the
ground were erected at the brow of the hill and about 1100 feet in the
rear. In both cases a two -wire lead-in was brought down to a balanced
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Fig. 10-Diurnal variation of signal strength advantage at brow of hill toward
South America over reception 1000 feet back for 21-mc signal from LSN
(Buenos Aires) received on horizontal doublets.

antenna circuit forming the input to a measuring set. Measurements
of relative field were made manually at the two points on station LSN
transmitting 21.020 megacycles. The diurnal change in gain of signal
strength at the brow of the hill for the period of the tests is shown in
Fig. 10. The average gain based upon all the horizontal doublet meas-
urements made at this time amounted to 8.8 decibels (2.75 times)
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which was somewhat higher than that obtained on the average for re-
ception on vertical antennas. The average gain in 21-megacycle signal
at the brow of the hill over that received 1100 feet back was, for all the
earlier 21 -megacycle measurements made on vertical antennas, between
7 and 8 decibels.

The sense of the difference between the hill brow gains for the hori-
zontal and vertical antenna measurements corresponds to that which
might be predicted by theory according to Figs. 13 (A) and (C). That
is, for the lower angles of reception the rate of change of output with
change in the vertical angle of signal arrival is greater for the horizontal
than for the vertical antenna. The magnitude of the difference obtained
also agrees reasonably well with what might be predicted by theory if
it is assumed that the signals are received at a vertical angle of some
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Fig. 11-Approximate profile of Atlantic Highlands site.
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five degrees or less, and the flat ground characteristics are simply tilted
downward to provide optimum reception when the antennas are placed
at the hill brow.

Some attempts that have been made to obtain a hill brow advantage
for reception from England have not been as fruitful as for the case of
reception from South America. During the summer of 1927, several
days' comparsion measurements of signals from England were made at
the brow of a cliff facing England in the Atlantic Highlands, and at the
experimental receiving station of the Bell Laboratories, then located
at Cliffwood, N. J. A profile of the Atlantic Highland site is shown in
Fig. 11. The measurements made at this time showed but a small ad-
vantage in reception at the brow. The probable reason for the decrease
in hill brow advantage in this case will be discussed later.

Fig. 12 consists of two superimposed automatic field strength re-
corder records of 18 -megacycle signals from England which were taken
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simultaneously at the Atlantic Highlands and Holmdel sites. Vertical
half -wave antennas were used. It will be noticed that although the aver-
age gain in signal at the cliff is generally small there is some improve-
ment during the earlier hours. This improvement is similar to that
mentioned in connection with the measurements at the Netcong site
on reception from South America. Possibly in this case also it has
something to do with a low angle of arrival in the early part of the use-
ful signal period.

A few comparative measurements of signals from England have
been made on a gradual slope toward England near the Netcong site.
The most pronounced slope available was in this instance much more
gradual than that toward South America. The signal strength advan-
tage at the edge of this slope as compared to a point on comparatively
flat ground was small during the period of several hours over the middle
of the day when these measurements were made.'

Unless there is some topographic peculiarity for the Netcong site
in the direction of South America that is not duplicated in the condi-
tions at Atlantic Highlands in the direction of England, it would ap-
pear that there is a characteristic difference in the signals from Eng-
land and South America. Probably the difference is one of vertical
angle of signal arrival. it is known that, on the average, signals from
England are received at fairly high angles.8 The effects so far described
can be accounted for by assuming that signals from South America
are received at a relatively low angle.9

In Fig. 13 diagrams (A) and (C) show calculated vertical plane direc-
tional characteristics for vertical and horizontal antennas over ground
which was flat and which had electrical characteristics similar to those
for the Netcong site. The characteristics are calculated from plane wave
optical theory by means of the reflection constant, and phase angle
curves as given by Pedersen." (These, and the characteristics discussed
later, are all based upon the assumption of equal incident fields.) Dia-
grams (B) and (D) of this same figure illustrate the wayin which the ver-
tical pattern for these two antennas, in their relation to a low angle wave

7 Note: Some recent measurements of 14.44-mc signals from England on this
same slope have shown an average hill brow gain of about 7 db during the early
part of the normal useful period. Within a few hours the advantage decreases to
3 or 4 db, and there are indications of an increase again toward the end of the
period. Possibly these values are subject to a seasonal variation.

8 H. T. Frus, "Oscillographic observations on the direction of propagation
and fading of short waves," Paoc. I.R.E., 16, 658, 1928.

9 Note: Arrangements are at present being made to determine the vertical
direction of arrival of South American short-wave signals at the Holmdel experi-
mental site.

10 P. 0. Pedersen, "The Propagation of Radio Waves," Copenhagen, 1927,
p. 132-135.
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(as indicated by the arrows), is modified by placing them on a sloping
ground. For low angle waves it is evident that sloping ground would

Vertical Antenna

Fig. 13 A and B-(A) Calculated vertical directional characteristic for half -wave
vertical over "Netcong" ground. (B) Effect of sloping ground in case of low
angle reception on vertical antennas. Note: "Netcong" ground assumed a
3.3 X10 -"e =7.

provide the most advantageous receiving site with either vertical or
horizontal antennas. For signals arriving over a wide range of vertical
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angles, such as is the case with signals from England, little gain would
normally he expected at the brow of the hill. The conditions at Net-
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Fig. 13 C and D-(C) Calculated vertical directional characteristic for horizontal
doublet elevated half a wavelength above "Netcong" ground. (D) Effect of
sloping ground in case of low angle reception on horizontal doublet. Note:-
"Netcong" ground assumed a = 3.3 X 10-"e = 7.

tong are not as simple as those shown in Fig. 13, (B) and (D). In the
actual case the slope is constant for only a few hundred feet and the
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exact calculation of the directive characteristic under such conditions
becomes difficult.

EFFECT OF GROUND CONSTANTS

An effect similar to that observed in the hill brow studies has been
noticed in the reception of short-wave signals from England and South
America with marshy ground or salt water immediately adjacent in
the direction of reception. Many hours of simultaneous automatically
recorded measurements of 18 -megacycle signals from England on the
Holmdel site and on marshy ground along the shore of Barnegat Bay,
N. J., using vertical antennas at both points, showed no noticeable
average difference in received signal strength.

Fig. 14-Vertical plane directional characteristic of a half -wave
vertical antenna for two types of ground.

Vertical antenna measurements (automatically recorded) of 21 -
megacycle signals from South America on marshy ground along the
shore of the South Shrewsbury River in Rumson, N. J., indicated an
average improvement of over 8 decibels (2.5 times) wlien compared to
signals received at the Holmdel site. This, again, may be accounted for
on the assumption that the signals from South America arrive at a com-
paratively low angle approaching grazing incidence. Theoretical con-
siderations indicate that the vertical antenna on marshy, highly con-
ductive ground would be more receptive to signals arriving at low
angles than a similar antenna on dry ground such as that in the vi-
cinity of the Holmdel site.

In Figs. 14 and 15 are shown the calculated vertical plane direc-
tional characteristics plotted, respectively, in polar and rectangular co-
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ordinates for a vertical half -wave antenna over two types of ground,

one corresponding to marshy land as encountered at Rumson, the other
to the Holmdel soil condit ions. By way of example consider a signal ar-
riving at an angle of 3 degrees above the horizon as is indicated by the
arrow in Figs. 14 and 15. The signal should, according to the curves,
give 9 db (2.8 times) higher antenna out put at the marshy site. Since

.1....__ ,..)
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el to 77, 71 72 20 43 16 1l 17 17 8 6 4 Z
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Fig. 15-Vertical plane directional characteristics of a half -wave vertical an-
tenna for two types of ground:

A-Holmdel farmland Or = 2 X 10-"e = 25).
B-Salt marsh (0- =3.3 X 10-n e =80).
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75'

4

2
a

this gain corresponds approximately to the measured value, it appears
that the average angle of reception of the South American signals is on
the order of a few degrees above the horizontal.

In Fig. 16 are shown the vertical plane directional characteristics for
both horizontal and vertical doublets elevated half a wavelength above
ground. The ground conditions assumed are the same that were as-
sumed for the calculation of the curves of Figs. 14 and 15. These char-
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acteristics show that a change in ground conditions should have rela-
tively little effect upon the reception of low angle signals with a hori-
zontal antenna. It would, therefore, be expected that the advantage
in this case of a difference in soil conditions would be confined to the re-
ception of the vertical component of the electric field. Automatic signal
strength measurements carried out during July, 1931, are in agreement

dot 14

20

19

14

11

AM\
15

11

a

B

7

5

4

3

2

A, I

,1/49 28 26 24 22 20 16 16 14 12 10 8 6 4 2 00Wave Angle in Degrees

Fig. 16-Vertical plane directional characteristics of horizontal and vertical
doublets elevated 0.6X for two types of ground:

A-Holmdel site (farmland) u = 2 X10-13 = 25.
B-Ocean site (salt marsh) a =3.3 X10-116=80.

with this conclusion. The measurements were made at the same sites
(Holmdel and Rumson, N. J.) as before, and on signals from LSN
(21.020 megacycles). Loaded Hertzian doublets, self -resonant at 21
megacycles and capable of quick adjustment from horizontal to verti-
cal position, were used for antennas.

Fig. 17 shows a photograph of the adjustable doublet and the truck
containing the measuring set and recorder. The center of the antenna

1
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was a little over a half wavelength (27 feet) above ground. A twisted

pair (No. 18 lamp cord) transmission line was tapped across the central

two turns of the eleven -turn loading coil. This transmission line was ter-

minated in a balanced circuit which was inductively coupled to an un-

balanced circuit. A photograph of this terminating arrangement is

shown in Fig. 18. From the unbalanced output circuit a short length of

pipe transmission line carried the signal to the antenna circuit of the

Fig. 17-Adjustable receiving doublet and truck containing
field strength recorder.

measuring set. When the doublet was horizontal this system gave a

very good discrimination (more than 25 db) against vertically polarized

waves. With the doublet in a vertical position a similar discrimination

was obtained against horizontally polarized waves.
Measurements were made simultaneously at Rumson and Holmdel

of 21 -megacycle signals from LSN on three days covering about 15

hours of recording. The records showed that the average signal outputs

using the doublets in the horizontal position at the two sites were prac-
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tically the same. The variations during any day were seldom greater
than plus or minus 2.5 db (1.3 times).

On two of the three days measurements were made with the doub-
lets in alternately vertical and horizontal positions for successive half-
hour periods. With the doublets in the vertical position the average
for this two-day period showed the signal output at the marshy site
near Rumson to be 13 db (4.5 times) higher than that at Holmdel.
Thus, when the site is marshy or wet, there may be a considerable sig-
nal output advantage in using an antenna of the vertical type. The
records obtained at the two sites during one of these days are shown

Fig. 18-Terminating circuit at end of transmission line
from adjustable doublet.

superimposed in Fig. 19. The increase in signal output at the Rumson
site accompanying a change in the doublet positions from horizontal to
vertical is quite apparent.

The evident continuity of the record for the Holmdel site, despite
the change in position of the receiving doublet, shows clearly that there
is little to choose between horizontal and vertical antenna types over
dry soil typical of that vicinity when the angle of a signal arrival is
small. A consideration of these results in connection with the Holmdel
V and H curves of Fig. 16 indicates that the field strengths of the hori-
zontal and vertical components of the incident wave are equal.

The data discussed thus far, in connection with the effect of ground
constants on reception, have been concerned only with the 21 -mega-
cycle signals from South America which are presumed to arrive at low
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angles. In the Barnegat Bay -Holmdel comparison measurements, men-
tioned earlier, there is some interesting evidence concerning the vertical
direction of 18 -megacycle signal arrival from England. These measure-
ments were made on vertical antennas. Although the average advan-
tage in reception at the marshy site near Barnegat Bay was small there
were occasional periods of from 5 to 30 minutes during which large dif-
ferences appeared. Within the period of the test these differences fre-
quently ran around 8 to 10 db, and once reached 15 db.

At a later date (July 21, 1931), records were made with a vertical
antenna of 18 -megacycle signals received from England at Holmdel
and on a salt marsh near Port Monmouth, N. J. The salt marsh site
was similar to that formerly used on Barnegat Bay near Ocean Gate.

0

a

Fig. 20-Field strength records of (Nil (England) taken on flat farmland at
Holmdel, New Jersey, and salt marsh at Port, Monmouth, New Jersey, usingvertical antennas. Data July 21, 1931.

The record is shown in Fig. 20. It illustrates the way in which the rela-
tive signal output at the two sites changed during some 20 minutes
(1505 to 1525 G.M.T.). The variations are similar to those which were
recorded during the earlier measurements. One evident explanation of
this interchange of advantage is that the difference in signal strength
at the two points separated by several miles may have been produced
by slow wave interference fading for which the space separation of in-
terference minima might be large. Another possible explanation is that
the vertical angle of arrival of the signals was always the same at the
two sites but varying slowly between 0 and 50 degrees. Referring to the
two characteristics in Fig. 14 it is evident that a high angle of incidence
would favor the Holmdel site while a low angle would favor the site at
Barnegat Bay.
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CONCLUSIONS

The principal merit in this discussion of certain special cases of
ground and ground surface effects, is perhaps that it will serve to em-
phasize the importance of these factors in dealing with transmission,
reception, and measurement problems. Antenna and ground are in-
timately related in the determination of vertical plane directivity. In
many cases it may be economically impractical or even impossible to

obtain the most desirable vertical directivity in an antenna system
without some special considerations in the selection of a site as well as

an antenna.
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RESISTANCE -CAPACITANCE COUPLED AMPLIFIER IN
TELEVISION

A Transient Solution for the Performance of the Resistance
Capacitance Coupled Amplifier on Characteristic

Television Signals*

By

HENRY M. LANE
(The Boston Post, Boston, Massachusetts)

Summary-The resistance -capacitance coupled amplifier as employed in tele-
vision systems lends itself fairly readily to the complete, as against the steady-state,
solution of its performance. This is due to the fact that the television signal can be
-resolved into a simple and definite time function. The following paper presents a
method of obtaining the transient or complete solution of the amplifier performance
under the excitation of typical television signal impulses.

T IS seldom that communication circuits lend themselves agreeably
to transient solutions. It is usually much easier and more satisfac-
tory to consider only the steady-state solution for applied voltages

which vary sinusoidally with time.

e, (t)

e(t)- A

eN-Kt -Kt

Fig. 1

In the case of the multistage, resistance-capacitance coupled am-
plifier which is commonly used in television circuits, a.. complete solu-
tion for certain types of impressed voltage can be obtained without
great difficulty. The form of the input voltage is a function of the light
reflected from a scanning spot. Assuming a square spot, it is easy to pre-
dict the form of the voltage impressed upon the amplifier as the spot
traverses a region of constant contrast and with sharp boundaries. The
problem is to determine the form of the output voltage.

This elementary type of impressed voltage is illustrated in Fig. 1.
It is divided into three regions, one of growth, one in which it is con-

* Decimal classification: R363. Original manuscript received by the Insti-
tute, September 25, 1931.
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stant and a third of decay. Such a variation in impressed voltage can
be synthesized from the single impressed voltage of the form

e(t) = ± Kt

applied at different times. The problem, therefore, boils down to one
of finding the amplifier response to an impressed voltage of the form

e(t) = ± Kt.

The operational calculus provides a convenient and rapid means for
obtaining this solution. The method may be illustrated by means of a
simple, equivalent network. The amplifier circuit may be represented
as a simple ladder structure of resistance and capacitance elements as
shown in Fig. 2. The successive sections are normally coupled through

a three -element vacuum tube. Hence, the current flowing in one loop

0
C

0 0

Fig. 2

through the resistance introduces no voltage drop nor rise in the preced-

ing loop. The resistances are not mutual parameters in the usual sense.

Referring to Fig. 2, the voltage el(t) applied to the input terminals
of the network produces the current in the first loop

1 1

ii(t) = el(t) where z(p) = R
z(p) cp

The voltage appearing across the resistance in the first loop becomes

e2(t) =

This is also the form of the voltage impressed upon the second loop

i2(t) =
1

e2(t) = Rii(t) = ei(0
z(p) z(p) [z(P)12

2

i3(t) = el(t)
k(P)13

R n-1
in(t) = ei(t).

[z(p) ]n
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The factor Rn-1 affects only the magnitide and not the form of the
resultant current and can be reduced to unity for our purpose.

Substituting the value of z(p),
n

in(t) =
I

1
e1(t)

R + -
cp

. 1 ( p
e1(t) where b =

R p + b
1

RC

Fig. 3

Once more reducing the constant term to unity

i(t)
p ± b

= ( P Y el(t).

This is a general operational expression for a network of n loops and
time constant, b. This expression may be solved for the special case
where the applied voltage e1(t) becomes unit applied voltage, 1.

A n(t) =
( p

1.
p + b
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This is identical in form with the transfer indicial admittance of the
network for unit applied voltage at the input. Unit applied voltage has
the form illustrated in Fig. 3 and is the form approached as the scan-
ning spot of the television system becomes smaller and smaller.

The operator (p/p+b)n is descriptive of the network and it can be

shown that the same operator describes the actual resistance -capaci-
tance coupled amplifier circuit and that only the value of b is affected
by the tube parameters.

Fig. 4

Following the procedure above, the tube parameters will be in-
cluded as shown in Fig. 4.

In general,

di, = 12deg.
r, z(p)

For the circuit in Fig. 4,

z(p) =
1 R1RZCp + R1

1 1 pC(Ri ± R2) + 1

R1
R2 +

pC

I1
= ei(t).r z(p)

The voltage impressed upon the grid of the second tube becomes

Rle2(t) = R2
1

ii(t)

R1 ± R2 ± -pc

R1

[
1.4

= R2 1 r, (zp)
e,(t)

RI ± R2 + PC

and,
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i2(t) = e2(t)
r, z(p)

r
= R2

el(t)R1 1 L rp z(p)] 2
+ R2 + -pc

Similarly,

R1
e3(t) = R22[

RI + R2 +

2 r µi el(t) .
L rp + Z(p) j

In general,

or,

R1
in(t) = [

1
RI + 2 +

C
R

p

n-

( RI

n1 ) ( rp +14
en+1(t) = R2n

Z(P)
± R2 +

pC

Substituting the value of z(p) and simplifying,

en±i(t) -
RiR2µ \ P n

Rir, R2r, R1R2 p b) el(t)

z(p)
nei(t)

where,

b= Ri rp

C(Rir, R2r, + R1R2)

The constant term in the expression for en+i(t) may be reduced to unity
and so far as the form of the output circuit current is concerned, the
amplifier has identically the same operator as obtained for the simple
ladder network.

Hence,

A n(t)
Pp b

Solution of such an operational expression as an explicit time function
is greatly facilitated by first applying the Heaviside shifting formula
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which yields
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1 p1
1 = e -b 1

z(p) p - b z(p - b)

\(-
A(t) = C-be

p p

p

b
1

e-bt -
1.

This expression can now be expanded and each term allowed to operate
independently upon the unit time function. For example, let n =3.
Then,

i3(i) = e-bt (P b )21

e-
2b

1
p2

b2t2e-bt (1 - 2bt
2 1.

Thus, we have for t> 0 a complete solution for the amplifier response
in terms of the number of stages and the time constant, b, for an im-
pressed voltage of the form of the unit voltage suddenly impressed at
time zero. This would be sufficient were we interested in the amplifier
response to impulses of rectangular shape.

Fig. 3 shows the form of the transfer indicial admittance of the am-
plifier for different values of n and of b.

Our problem is to determine the amplifier response to an applied
voltage of the form

el(t) = Kt.

For this purpose, one form of the superposition theorem is ad-
mirably suited. It states

since,

and,

i(t) = ei(0)21(t) f A(t - X)ei'(X)dX
0

ei(0) = 0

el'(X) = K
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this form reduces to

in(t) = K An(t - X)dX.

The solution of this integral may be evaluated easily by graphical
methods using the curves of Fig. 3 and a planimeter. The value of the
integral for four of the forms of A0(t) in Fig. 3 is shown in Fig. 5.

Response

it

ae

/

O.

oa

1

Fig. 5

This, finally, is the response or solution of the amplifier perform-
ance for all positive values of time when excited by a voltage of the
form ei(t) = kt.

In developing the amplifier response to an impressed voltage of the
form in Fig. 1, certain assumptions must be made relative to the physi-
cal dimensions of the scanning mechanism. The worst practical con-
ditions met in practice are those for a 24 -line system in which there are
fifteen scanning cycles per second; that is, these give rise to the most
unfavorable results.

The time required for the square scanning spot in a system of these
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dimensions to traverse a contrast boundary is 0.000115 second. Dis-
placing the response curves for

el(t) = /it and (1(0 = - lit

by this interval of time and plotting the difference curve yields the
curve shown in Fig. 6. This is the amplifier response for the growth and
constant portions of the characteristic input voltage. The decay of the
response can be obtained by adding this curve to its image across the
time axis properly displaced in point of time. The displacement of this
curve and its image will be the duration of the constant portion of the
input signal voltage plus 0.000115 second. Fig. 7 gives the amplifier re-
sponse to the characteristic input voltage of Fig. 1 for three periods of

ime

r....
Ireepe zawd MOe.g.

J 11 J

Fig. 6

duration. One gives the response for zero duration of the constant por-
tion. This corresponds to the input voltage due to a square spot travers-
ing a contrast region equal in width to the spot. A second curve shows
the response when the constant portion of the input signal persists for
0.00266 second. The third example is the response for a duration of
0.0332 second in the constant portion of the input signal and is roughly
the time required for the spot of a 24 -hole, 15-r.p.s. system to cover
half a single scanning cycle.

These examples are constructed on the basis of n = 6 and b= 20

which is an unfavorable time constant. This method indicates the
desirability of choosing a low value of b and that an increase in the
number of scanning lines and an increase in scanning speed work no
hardship upon the resistance -capacitance coupled amplifier.

ISOLATING THE DISTORTION DUE TO SCANNING

A casual consideration of the spot method of scanning will disclose
possibilities for considerable distortion. Failure to include the detail
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within the area of the scanning spot is primarily the cause of this dis-
tortion. This is illustrated in Fig. 8 for a square scanning spot travers-
ing contrast regions of about the same width as the spot itself.

I Oz

Response n-6 b-ZO

e(l) 0

te,p d rolloye.

JI .12
.03 at os .06 Or .08 .09

Seconds

Response n-6 b-eo

Inwoorsed Voltage

.00011.9 .000230
Seconds

Response n-6 lo -20 '

Fig. 7

As a means of demonstrating the effect of this source of distortion
graphically, an optical analog of the television scanning system in-
cluding both the sending and receiving elements was devised.' The
principle of the apparatus is illustrated in Fig. 9. The object scanned is

I See F. Wiedemann, "Der Einflus der Bildpunktzahl auf die (lute von Fern-
sehbildern," Fernsehen, 1, 481-488; November, 1930.
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bathed in light and imaged upon the surface of what corresponds with
the sending scanner disk. The light which passes this disk is integrated
on the surface of the second disk corresponding with the receiving
scanner and the light passing this second disk is allowed to fall upon a
photographic plate.

EXPLANATION OF OPTICAL ANALOG

The specific purposes of the components of the optical analog
are as follows. The lense, L-1, is used to image the directly illuminated

Fig. 8-Distortion in

1.'43c

transverse

PECtLL

Pe aid.

scanning of thin strips.

NEON (ARP

Pt4r.SICAL 61'37E11 EXCLUJIVE Or AAWLIIIEEt

LIGHT

L, '.r

Lewst

EH 1

a

ODOEITVCR

IP
Prtoro,471-toc

Onc Lbsc
OAPru-AL ANALOG

Fig. 9.

subject on the surface of the first scanning disk, D-1. The lense L-2 is
employed to image L-1 on the surface of the second scanning disk, D-2.
Thus a uniformly illuminated region appears on the surface of the
second scanning disk, D-2. The illumination is modulated by the fact
that the first scanning disk is interposed between the two lenses. The
uniform patch of modulated light is scanned by disk D-2 and used
to expose the surface of a photographic plate immediately behind
this disk.
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IMAGE

SUBJECT

SUBJECT

Fig. 10

IMAGE

IMAGE
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The disposition of the direct subject illumination becomes analo-
gous to the disposition of photocell sensitivity in the actual television
apparatus. Examples of the results obtained with the analog are illus-
trated in Fig. 10. These are for a 24 -line scanning system and they bear

a very striking resemblance to the actual results over the system which

includes the amplifier.
CONCLUSION

The amplifier response to the unit impressed voltage is shown to be

of an oscillatory nature. The amplifier performance will be good pro-
vided the duration of the first positive swing of its response to unit im-
pressed voltage is long compared with the duration of the actual tele-
vision signal impulse. In general, the greater the time constant of the
amplifier, the better. The indication is that the greater the scanning
speed the better is the amplifier performance.

These conclusions follow only as a result of this particular analysis.
They, however, enjoy some degree of verification in the fairly com-
mon experience of television experimenters that systems including only

the amplifier perform satisfactorily and without alteration as the disk
speed and number of scanning lines are increased.
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A SIMPLE HARMONIC ANALYZER*

BY

M. G. NICHOLSON AND WILLIAM M. PERKINS
(National Union Radio Corporation, Newark, N. J.)

Summary-Some of the difficulties experienced with extensively used methods
of harmonic analysis are listed, and a harmonic analyzer more or less free of these
defects is described. This analyzer in principle is a dynamometer type meter on
which the fundamental and harmonic components of the current are read separately.
A theoretical discussion of the method and its limitations is included.

used methods of harmonic analysis are:
1. Oscillographic method.
2. Tuned circuit method.

3. Beat method.
4. Balancing -out method.
Each of these methods has one or more of the below -listed short-

comings:
1. Inflexible.
2. Slow in operation.
3. Calibration dependent on vacuum tubes.
4. Calibration compressed at small signal end of scale.
The method to be described, besides being relatively free from the

above -mentioned shortcomings, possesses the following desirable fea-
tures:

1. Direct reading.
2. Simple and rapid in operation.
3. Apparatus easily portable.
4. Easily calibrated.
5. Inexpensive.
A harmonic analyzer possessing such characteristics is especially

convenient for use in analyzing tube hum voltages, and in measuring
the harmonic content of the output of amplifiers and vacuum tubes.

ANALYZER IN PRINCIPLE

This analyzer employs as its central element a dynamometer type
meter having its zero point in the middle of the scale. Leads from the
moving coil and stationary coil are brought out separately and con-
nected in the circuit so that the current to be analyzed flows through

* Decimal classification: 537.7 X R146 Original manuscript received by theInstitute, August 3, 1931. Revised manuscript received by the Institute, Octo-ber 31, 1931.
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the stationary coil. The moving coil is connected to a variable fre-
quency audio oscillator, which is tuned to approximately the frequency
of the harmonic (or fundamental) of the current being analyzed. When
the oscillator is adjusted to within one -tenth cycle per second of the
frequency of the component being measured, the pointer of the dyna-
mometer meter will oscillate at a frequency equal to the difference of
the two frequencies. Readings of the swing to the left and to the right
are taken and averaged to give the value of the current, for the par-
ticular frequency being investigated.

The limitations of the analyzer are those imposed by the meters and
audio oscillator employed. Presence of harmonics in the output of the
audio oscillator gives rise to slight errors which, for a reasonably good
oscillator, are small. The accuracy of the analyzer is as good as the ac-
curacy of the meters used.

-DYNAMOMETER
TYPE AfILLIAMMETER

ATTENOATOR

IN ,r'e/7-

Fig. 1

The block diagram shown in Fig. 1 will serve to acquaint one with
the apparatus required for such an analyzer.

A self-contained, compact form of this analyzer has been con-
structed which has proved itself highly useful. Fig. 2 shows the sche-
matic diagram of the complete analyzer. It will be noted that a dyna-
tron oscillator, V T1 and associated tuned circuit, is employed as the
source of variable frequency voltage. The dynatron oscillator was
chosen as the variable frequency source for this particular analyzer be-

cause of its simplicity and stability. The output of the oscillator is
passed through a two -stage amplifier, VT2, VT3, to obtain sufficient
undistorted output for the meter. Satisfactory wave form is obtained
by proper adjustment of the plate voltage of the dynatron and the use
of an amplifier having an increasing attenuation with increasing fre-
quency characteristic. The potentiometer indicated as 1R2 functions as



736 Nicholson and Perkins: Simple Harmonic Analyzer

gain control on the amplifier, thus controlling the current applied to
the field coil of M1.

The two meters used are small Hickok dynamometer type instru-
ments which have been somewhat altered. The meter M1 employed
as the "harmonic indicator" was origninally a 0-7 a -c milliameter.

A new scale, reading 3.5-0-3.5 milliamperes, was placed on the
meter and its pointer and restoring spring so changed that the pointer
when at rest was at the middle of the scale. The meter M2 used to read
the current flowing in the moving coil of the "harmonic indicator" is a
0 -7.5 -volt range dynamometer which has had its multiplying resist-
ance removed.

vri C4 I's

FT1
050 .50 .180

" Cs

C5

54

VTI

R6 C7

P tA7.

A

Fig. 2

VT3

Calibration was effected by placing a thermocouple meter in series
with the stationary coil and adjusting the current in the moving coil
until the deflection of the "harmonic indicator" meter coincided with
the deflection of the thermocouple meter.

A 400 -ohm constant -impedance stepped attenuator, R1, is used in
the input of the "harmonic indicator" to furnish means for multiplying
the scale of the instrument.

The entire unit comprising the oscillator, amplifier, meters, and at-
tenuator was built into a case 17 inches X12 inches X4 inches. This ap-
paratus has proved itself very useful in measuring the distortion oc-
curring in pentodes. When used for such purpose it was found con-
venient to employ a 60 -cycle signal for the grid of the pentode. To meas-
ure the fundamental, 2nd, and 3rd harmonic current, it is necessary
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that the dynatron be capable of being tuned from 60 to 180 cycles.
This range is convenient for analysis of hum voltages in the output of
tubes and radio sets.

THEORETICAL DISCUSSION

The torque (Ti) acting upon the moving coil at any instant is pro-
portional to the product of the instantaneous currents in the moving
coil and stationary coil)

Ti =K11112
11= current being analyzed.
12= current from oscillator.

K1= meter constant, depending upon phy,i cal dimensions
and the relative position of the two coils. For the present,
we will consider it constant for all deflect ions. (1)

Since the restoring springs in the meter produce a torque directly
proportional to the deflection (D),

Di= K2Ti
K2 = spring constant of meter. (2)

If both currents are pure sine waves and both pass through zero
at t=0

Di = KiK2( 2/1 sin colt) ( 212 sin (.020

/1= r -m -s current being analyzed.
/2= r -m -s current from oscillator. (3)

Expanding

D, = K1K2/1/2[cos (col - co2)t - cos(wi -1-(.02)t]. (4)

Due to the inertia of the moving coil, with needle and counter -bal-

ances attached, the meter will respond only to frequencies up to sev-
eral cycles per second. Thus we can drop all sums of frequencies
(co1+032) because they are above 30 cycles per second.

D,=KiK2I112cos(cal-w2)t. (5)

Thus for frequencies which are slightly different, the meter pointer
will slowly oscillate from one side to the other (the zero point being

in the center of the scale). The maximum reading in either direction
being

Ana.= KIK2I1I2. (6)

I S. G. Starling, "Electricity and Magnetism," page 241, second edition,
fifth impression, 1921.
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If the current from the oscillator (./2) is held to a constant ampli-
tude,

Dmax = K3I1. (7)

Thus the deflection may be calibrated directly in milliamperes.
The scale is linear for small deflections and is slightly compressed for
large deflections, because K1 of (1) decreases at large deflections (to not
less than 80 per cent of that at zero deflection in the ordinary type
dynamometer meter). This distribution has a slight advantage over a
linear scale in that the per cent error remains more nearly constant
throughout the scale.

From the above it is seen that the two frequencies must be within a
few cycles per second of each other before the meter pointer will move.
As one frequency is varied towards that of the other, the meter pointer
will be first seen to blur out slightly, due to it's vibrating faster than
the eye can follow, and when the difference of frequencies becomes small
enough the needle will be seen to be oscillating. Then by close adjust-
ment the frequencies are made to practically coincide (0.1 of cycle per
second or better) so that the maximum deflection (either to the left of
zero, or to the right of zero) may be read accurately without the inertia
of the moving system of the meter causing an error.

If the current being analyzed is harmonic, it can be represented by
a Fourier's series,

i1 = -0/11 sin (wit + 01) + N/2/12 sin (2wit -I-- 02)

+ .0/13 sin (3wit + 03) + .

Since the phase relations have no effect on the analyzer (variable
frequency oscillator), we can simplify to

= sin w1t -I- V2/12 sin 2colt + V-2/13 sin 3w1t + . (9)

Letting -0/21 sin cog be the current from the oscillator, and sub-
stituting in (1),

Ti = 2K1/21 sin w21 [iii sin w1t + 112 sin 2colt + /13 sin 3w1t ± (10)

D = 2K1K2/21 sin wet [ill sin colt+ /12 sin 2coltd-/13 sin 3colt+ ]. (11)

Expanding, and neglecting higher frequency components (sums of
frequencies),

Di = K11C2121111 cos (w2 - coi)i

K1K2121112 cos (w2 - 2co1)t

K1K2121113 cos (w2 - 3co1)t

(8)

(12)
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Thus to measure the fundamental component we adjust w2 to be
approximately equal to w1; to measure the 2nd harmonic, w2 approxi-
mately equal to 2co2, etc. Also from (12) it is readily seen that a har-

monic (or the fundamental) cannot affect the reading of another har-

monic (or the fundamental) provided the difference in frequency of the

two harmonics (or harmonic and fundamental) is greater than the
frequency to which the needle of the meter will oscillate. With the

meter used in the analyzer this frequency difference should be twenty

cycles per second or greater.
Up until now it has been assumed that the current from the oscilla-

tor in the analyzer is a pure sine wave. This is not the case, but the

effects of its harmonics are negligible, as the following will show. Let-

ting it be the current being analyzed and i2 the current from the oscilla-

tor, neglecting phase relations,

it = V2/11 sin w1t + N/2/12 sin 2colt N/2/13 sin 3colt + (13)

i2 V2/23. sin wet + V2122 sin 2w21 ± 2/23 sin 3w21 + . (14)

Leaving out terms representing sums of frequencies,

Di = K1K2121111 cos (CO2 - 4)1)t K1K2/21/12 cos (w2 20)1)t

 KIK2/21/13 cos (w2 - 3w1)t + 

 K1K2/22/11 cos (24)2 - Wi)t K1K2/22/12 cos (24)2 - 2w1)t

 K1K2/22/13 cos (2w2 - 3cso1)t ± 

 KIK2/23/11 cos (3(.02 - co1)t K1K2/23/12 cos (3w2 - 2co1)t

 K1K2/23/13 cos (3w2 - 3co1)t + 
(15)

From (17) it is evident that we will get a deflection when a har-

monic of the oscillator current has the same frequency as a harmonic of

the current being analyzed, and the magnitude of the deflection is pro-

portional to the product of the magnitudes of the harmonics. Thus the

deflection is very small and in most cases cannot be seen.

+-41.0.111<allo-
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DISCUSSION ON "SOME EXPERIENCES WITH SHORT-WAVE
WIRELESS TELEGRAPHY"

N. H. EDES

J. C. Coe:' Transmission data taken along the Chinese coast and sum-
marized by Captain N. H. Edes was found to be similar in some respects and at
variance in others to data accumulated by the writer in the southwestern part of
the United States, the range of latitudes in each region being approximately the
same. Transmissions were over distances up to 900 miles east and west as well
as north and south in the region between the 27th and 41st latitudes, and com-
prising Texas, Oklahoma, New Mexico, Colorado, Wyoming, Arizona, and south-
ern California, most of which is arid and at a considerable elevation above sea
level, in contrast to conditions along the Chinese coast line.

No discontinuity in the distance -wavelength characteristic was found. How-
ever, there was a considerable range in wavelength which could be used in trans-
mitting a given distance. The minimum wavelength from a transmitting station
which could be heard at the receiving station was found to vary greatly. In gen-
eral the use of a wavelength just high enough to be heard resulted in a strong
signal, but was subject to extreme fading, making reception erratic and limited
to fewer hours per day than a wavelength somewhat higher. The signal strength
in the case of the higher wavelength being less suggested a greater attenuation
due to the return of the ray to earth at a lesser distance from the transmitter.

Some points in agreement with those observed in China are as follows:
(a) The general shapes of the daylight range -best wavelength diagrams are

very similar.
(b) The best wavelength for a given distance under summer daylight condi-

tions was very nearly the same as that for winter daylight conditions.
(c) The height of the layer of high ionization was found to vary throughout

a wide range at night, as pointed out by Captain Edes in a previous paper.'
Some points of difference are as follows:
(a) The wavelengths required in the southwest are about ten meters higher

than those shown for summer and winter daylight conditions. The empirical ex-
pression for the best wavelength for daylight conditions was given as:

X =0.046(1120 -d) (1)

in which the distance was taken from 100 to 800 miles. In order to fit the condi-
tions in the southwest the constants were modified:

X = 0.027 (2000 -d). (2)

However, this equation would not apply for distances under 200 miles or over
1000 miles since the relation ceases to be linear beyond these limits, the wave-
lengths given by this equation are too low beyond these limits, the curve rising
rapidly as distance was decreased under 200 miles, and becoming more nearly
horizontal over 1000 miles.

(b) Instead of finding the height of the layer of high ionization to be fairly
constant by daylight, it was noted that in the southwest the height of this layer

Paoc. I. R. E., 18, 2011; December, 1930.
I Aircraft Radio Laboratory, Wright Field, Dayton, Ohio..
2 Paoc I. R. E., 19, 1663; September, 1931.

740



Discussion on Edee Paper 741

was subject to great variation, being from approximately 210 to 350 km. These
figures were computed from the minimum wavelengths which could be heard at
various stations.

(c) From observations in the southwest it was concluded that fading in the
zone at which the sky ray first returns to earth is due to the variation in this dis-
tance, and consequently in the height of the layer of ionization. Transmissions
at wavelengths from 30 to 200 meters and at distances up to 40 miles, and well
within the range of the ground ray showed that the distance at which fading
usually became pronounced increased approximately as the square of the wave-
length. This is contrary to results which would be expected if this fading were
caused by the interaction of the ground ray with a sky ray from a single layer,
since the sky ray of the shorter wavelengths would not be expected to return to
earth at a distance less than those of the longer wavelengths. Even if the attenua-
tion of the ground rays of the various wavelengths is considered, this would not
account for the difference in distances free from fading. Furthermore, these short
distances were entirely different from those at which the useful sky ray returned
to earth.

N. H. Edes3: The points of agreement between Mr. J. C. Coe's observa-
tions and those of the author encourage the belief that the general nature of the
propagation characteristics has been established for the distances and latitudes
in question. The points of difference are interesting, for they may help to show
what geophysical factors determine the characteristics. The study of differences
such as these may eventually lead to the formulation of a law.

Mr. Coe points out the contrast between the damp, low-lying country of the
China coast and the high, arid country of the southwestern part of the United
States. The author considers that the difference in soil and in height above sea
level would have little effect at the medium distances, for at these distances the
ground ray is negligible and the sky ray is not nearly tangential to the earth (ex-
cept perhaps in summer darkness). But the difference in climatic conditions may
well enter into the problem. It may be that the height and ionization of a re-
flecting or refracting layer are partly determined by local climatic conditions.

Mr. Coe found no discontinuities in the distance -wavelength characteristics.
He was working over distances up to about 900 miles. Now the author's deduc-
tions from the curves obtained in China indicate discontinuities at about 2100
miles in daylight, 900 miles in winter darkness and 450 miles in summer dark-
ness.2 If the conditions in the southwestern states were similar, one might, there-
fore, have expected a discontinuity at about 450 miles at night in summer. The
other discontinuities may have fallen outside the area covered by Mr. Coe's
experiments.

The discontinuity at 450 miles for summer darkness was considered by the
author to be due to a low-lying layer of small ionization. May we deduce that
such a layer was present in China but not in America? The author found the
height of the layer to be about 10 km, which locates the layer as lying not much
above cloud level. May the presence of such a layer be due to the high humidity
along the China coast?

Mr. Coe's observations as to the strong signals but extreme fading obtained
with a wavelength just above skip wavelength are in agreement with the author's
experience and with his paper in the PROCEEDINGS for June, 1931. The author

Royal Signals, attached to Royal Canadian Signals, Camp Borden, Ontario, Canada.
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agrees that signal strength falls off as the wavelength is increased beyond a cer-
tain point above skip wavelength. But he suggests that this is because the ray
suffers absorption in penetrating into the layer which turns it back, and in pass-
ing through such regions of ionization as may lie below that layer;4 such absorp-
tion increases with the wavelength.

To take Mr. Coe's points of difference in detail: (a) Mr. Coe modifies the
author's formula for best wavelength in daylight so as to fit conditions in the
southwestern states. The modified formula gives wavelengths which are greater
than the author's by about 6 meters at 200 miles and 18 meters at 800 miles. The
author claims no great accuracy for his original results, but considers that the
error in them was probably not more than 2 meters. To what then should we
attribute the divergence? It seems that there are two main alternative explana-
tions:

(1) Permanent differences between the two regions.
(2) A general variation in conditions during the time elapsing between the

author's experiments and those of Mr. Coe. Mr. Coe does not say in which year
his data were collected. It is known that best wavelength varies somewhat from
year to year.

The author agrees that the linear formula given by him, and Mr. Coe's modi-
fication of it, will apply for the middle distances only. As shown in the paper in
the PROCEEDINGS for September, 1931, the skip -distance curve flattens out with
increase of distance. The best -wavelength curve must conform since it lies above
the curve for skip wavelength. At the short distances it is difficult to separate
the effects of the sky ray from those of the ground ray.

While the best -wavelength curve is useful for purposes of radio engineering,
the skip -wavelength curve is perhaps more interesting since from it we can derive
the parameters of the layer instrumental in returning the waves. Can Mr. Coe
give the approximate equation of the linear part of his skip -wavelength curve,
or better still a complete graph? If the author's theory is valid this would permit
estimation of the height and ionization of the layer in America.

It may be remarked that the linear parts of the best -wavelength curves of
Mr. Coe and of the author would, if prolonged, meet nearly on the axis of X. Mr.
Coe's curve has a slope of rather more than half that of the author's. If it may
be inferred that the skip -wavelength curves conform somewhat similarly, then the
layer ionizations in China and the southwestern states are of the same order of
magnitude, but the layer in the States is at a greater height. The author's pre-
diction that the characteristics would be almost identical for a given zone of
latitude seems to need modification.

(b) Mr. Coe states that he found large variations in the heightof the layer
which is operative in daylight. Were these variations as between different pairs
of stations, the pairs being at different distances? Or were they variations ob-
served at a given pair of stations throughout the day, or from day to day?

The author's data took little account of variations throughout the day or
from day to day since, it may be remembered, they were obtained for conditions
of full daylight or full darkness averaged over a fortnight. The only variations
taken into account were, therefore, those between day and night and between
summer and winter. The author agrees that the minimum wavelength varies
throughout the day or night and between successive days. This shows a variation

4 Cf. E. V. Appleton, "On some measurements of the equivalent height of the atmospheric ionised
layer," Proc. Royal Soc., A., 126, 566-567,1930.
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of either the height of the layer or of its ionization or of both. Mr. Coe does not
state the method he used for computing the height of the layer from the skip
wavelengths. Did he use a method similar to the author's which took account of
the earth's curvature but made certain assumptions which may or may not have
been justified?

(c) The author agrees that fading in the zone where the sky ray first returns
to earth may be due to variation of skip distance. This variation would in turn
be due to variation of the height or ionization of the layer. Mr. Coe's observations
at distances within the influence of the ground ray and within the skip distance are
difficult to explain. The only possible explanations seem to be (1) fluctuation in
strength of the ground ray, (2) interference between the ground ray and a ray
that has encircled the earth. Yet neither explanation seems probable.

Finally, Mr. Coe has evidently accumulated some very valuable data. The
author would respectfully urge him to publish them in full. The complete curves
for skip wavelength, best wavelength, and upper limiting wavelength would be

of particular interest.

+---.11)><010.--+
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BOOK REVIEW

April, 1932

Servicing Superheterodynes, by John F. Rider, 1931, 161 pages, Radio Treatise
Company, Inc., New York.
This book is intended as a brief manual to assist in the servicing of super-

heterodyne receivers. It contains a great variety of data which should be valua-
ble in this kind of work. There is an easily understood discussion of superhetero-
dyne principles and circuits. Many partial and several complete circuit dia-
grams are included by way of illustration. One chapter is devoted to simple
rules for trouble -shooting. A good share of the data has been obtained from super-
heterodyne receivers of very recent design and manufacture, so that the book
is recommended for its up-to-date general information.

*HAROLD A. WHEELER

 Hazeltine Corporation, Bayside, L. I., N. Y.

+--.41110>e<411W--+
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BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED

Copies of the publications listed on this page may be obtained gratis by
addressing a request to the manufacturer or publisher.

A series of vacuum tube microammeters, milliammeters, millivolt meters,
and voltmeters manufactured by the Rawson Electrical Instrument Co., ('am -
bridge, Mass., are described in an eight -page catalog entitled 'Rawson Electronic
Meters". The meters are intended for alternating -current and voltage measure-
ments only, the type 602-A meters operating from 25 cycles to 10 kilocycles and
the type 602-B having nn upper limit of 100 kilocycles. The meters are available
in several ranges from full-scale ranges to 1 microampere and 10 millivolts to
1 ampere and 1000 volts. All meters may be temporarily considerably over-
loaded. The accuracy which may be expected from these meters is not stated.

Bulletin RC -11S published by the Webster Electric Co. of Racine, Wis.,
describes a completely alternating -current operated four -stage audio amplifier
using a pair of 250 tubes in the final stage. The equipment is intended for use
in theaters having a seating capacity up to 1000, and is designed to be used
with sound on film projection equipment.

A sixteen -page booklet entitled °Weston I'hotronic Cell" gives considerable
technical data on the photronic. The spectral response of the cell is somewhat
similar to that of the human eye, except that it is more sensitive at the blue and
red regions and the response extends well into the ultra -violet and infra -red
regions. A separate folder which shows the use of this cell for light control pur-
poses and describes a power relay as well as a sensitive relay which is operated
directly from the photo cell, is also available from the Weston Electrical Instru-
ment Co., Newark, N. J.

The Parker-Kalon Corporation, 200 Varick St., New York, N .Y., has re-
cently issued a 30 -page catalog describing the various types of self -tapping metal

screws and nails. Products of various types for fastening sheet metal, castings,
metal to wood, and masonry are described, and the catalog is well illustrated
to show the various application of the various types of fasteners.

"Cinch Radio Products" is the name of a folder published by the Cinch
Manufacturing Corporation, 2335 West Van Buren St., Chicago, Ill., describing
four- and five -prong vacuum tube sockets, binding post assemblies, phone tip

jacks, and binding post mounting strips. The products described are intended
largely for use by manufacturers.

The Premier Crystal Laboratories, 74 Cortlandt St., New York, N. Y.,
has issued a folder of instructions for grinding and finishing quartz blanks and
crystals which should be of interest to those working with crystal controlled
oscillating circuits.

Bulletin 5501 of the Ward Leonard Electric Co., Mount Vernon, N. Y.,
describes a number of voltage regulating transformers which are intended to
supply constant voltage to exciter lamps used in phototube operation. Trans-
formers are available in stock sizes from 10 watts to 100 watts.

A thirty-two page catalog issued by the Polymet Manufacturing Co., 829

East 134th St., New York, N. Y., lists the complete line of Polymet resistors,
condensers, and transformers. Although many of the products are designed for
set manufacturers, there are also a number of items designed for replacement
purposes by the serviceman.
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RADIO ABSTRACTS AND REFERENCES

THIS is prepared monthly by the Bureau of Standards*, and is intended
to cover the more important papers of interest to the professional radio
engineer which have recently appeared in periodicals, books, etc. The

number at the left of each reference classifies the reference by subject, in ac-
cordance with the "Classification of Radio Subjects: An Extension of the Dewey
Decimal System," Bureau of Standards Circular No. 385, obtainable from the
Superintendent of Documents, Government Printing Office, Washington, D. C.,
for 10 cents a copy. The classification also appeared in full on pp. 1433-56 of the
August, 1930 issue of the PROCEEDINGS of the Institute of Radio Engineers.

The articles listed are not obtainable from the Government or the Institute
of Radio Engineers, except when publications thereof. The various periodicals
can be secured from their publishers and can be consulted at large public
libraries.

R000. RADIO (GENERAL)

R000 A. S. Angwin. Radio telegraphy and radio telephony. Jour. I.E.E.
(London), 70, 145-152; January, 1932.

Review of technical progress in the engineering practice of radio.

R100. RADIO PRINCIPLES
R113.5 L. W. Austin. Solar activity and radiotelegraphy. PRoc. I.R.E.,

20, 280-285; February, 1932.
This report to the International Research Council on solar and radio relation-

ships shows that the relationships are closer at high frequencies than at low, that
the effect of magnetic storms, which are assumed to be due to solar action, is, in
general, to weaken night signals at all frequencies and in the medium and low
frequency ranges to strengthen day signals. Curves are given.

R113.61 E. V. Appleton and G. Builder. Wireless echoes of short delay.
Proc. Phys. Soc. (London), 44, 76-78; January 1, 1932.

An account of a simple method of producing short pulses of radio -frequency
energy is given, together with notes on its application in the investigation of radio
echoes of short delay. Frequency -change and group -retardation methods. are com-
pared.

R113.61 T. R. Gilliland, G. W. Kenrick, and K. A. Norton. Investigations
of Kennelly -Heaviside layer heights for frequencies between
1600 and 8650 kilocycles per second. Bureau of Standards Journal
of Research, 7, 1083-1104; December, 1931. PROC. I.R.E., 20,
286-309; February, 1932.

Abstracted in February, 1932 issue of PROCEEDINGS of the Institute of Radio
Engineers.

R116 L. Tonks. Impedance characteristics of loaded Lecher systems.
Physics, 2, 1-11; January, 1932.

Simple formulas are developed for the impedance of short lengths of Lecher
systems terminated with resistances. The variation of impedance with system
length is traced and certain simple relationships are found. A method of calculating
resistance from a resonance curve is derived.

R120 A. W. Ladner. A graphical synthesis of aerial arrays. Marconi
X R320 Review, No. 33, 11-18; November -December, 1931.

This article describes a simple method of calculating graphically the polar dia-
grams, both in a vertical and horizontal plane, of any array of spaced antennas.

 This list compiled by Mr. A. H. Hodge, Mr. W. H. Orton and Miss E. M. Zandonini.
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R133 J. D. Crawford. Aspects of standard -signal generator design.
Electronics, 4, 46-47; February, 1932.

A discussion is made from the designer's view -point of sonic of the problems en-
countered in standard -signal generator design.

R139 W. Jackson. The transient response of the triode valve equivalent
network. Phil. Mag. 13, 143-153; January, 1932.

A mathematical treatment of the equivalent network is given.

R140 E. K. Sandeman. Lining up broadcasting circuits. Electrical Com-

munications, 10, 131-1:33; January, 1932.

A method of measuring line equivalents and adjusting levels in telephone and

telegraph lines is given. which meets the recommendations of the C.C.L. and
which has substantially all the advantages of the constant voltage method.

R140 P. K. Turner. Designing detector circuits. Wireless World and
Radio Review, 30, 132-134; February 10, 1932.

A set of curves which facilitate calculations in designing detector circuits are

given.

R143 F. S. Dellenbaugh and R. S. Quimby. The important first choke

X R386 in high -voltage rectifier circuits. QS7', 16, 14-19; February, 1932.

Filter problems peculiar to modern rectifiers are treated.

R143 N. R. Bligh. The design of the band pass filter. Wireless Engineer

and Experimental Wireless, 9, 61-66; February, 1932.
Circuits, equations, and experimental data which should be very useful in de-

signing filters are given. The treatment is practical and comprehensive.

R146 Y. Kusunose. Elimination of harmonics in vacuum tube trans-

mitters. PROC. I.R.E., 20, 340-345; February, 1932.

A brief description is given on the present state of technique concerning the sup-

pression of harmonics radiated from vacuum tube transmitters. A simple method

of eliminating the strongest one of the harmonica is suggested.

R152 C. T. Solt. The development and application of marine radio

X R325.31 direction finding equipment by the United States Coast Guard.

PROC. I.R.E., 20, 228-260; February, 1932.
The object of this paper is to present a resume of the results obtained with

modern equipment under the actual
conditions encountered in service use, accom-

panied by such notes and comments by the author as are deemed of interest to

those concerned with the development, improvement, and application of marine

and aircraft radio direction finders. The fundamental principles underlying the

art of direction finding by means of radio are not recounted as it is realized the

reader has available numerous current
publications on the subject.

R165 I. Wolff. Calculation of loud speaker efficiency. Electronics, 4,

52-53; February, 1932.
Equations, calculations, and data are given.

R165 N. W. McLachlan. Additional experiments on moving-coil repro-

ducers and on flexible disks. Phil. Mag. 13, 116-143; January,

1932.
Various details of the moving coil reproducers are discussed. A series of experi-

ments is outlined, showing the influence of reinforcing certain portions of the dia-

phragm.

R200.RADIO MEASUREMENTS AND STANDARDIZATION

R200 C. E. Webb. Moving magnets.-Precision measurements of the

gap flux density. Wireless Engineer and Experimental Wireless, 9,

67-69; February, 1932.
A short note on the method employed at the National Physical Laboratory for

measuring flux densities is given.
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R214 W. A. Marrison. Quartz crystal resonators. Bell Laboratories, Rec,
X R281 ord, 10, 194-199; February, 1932.

The uses of quartz for piezo-electric standards of frequency are discussed. Men-tion is made of the method of cutting and mode of excitation.
R214 L. B. Hallman, Jr. Notes on the frequency stability of quartz

plates. Radio Engineering, 12, 15-19; February, 1932.
This article summarizes a representative portion of the published material on thesubject of quartz piezo-electric oscillators. It contains some statements relative toeffect of adjustment of air gap, and effect of jarring crystal which are probablyincomplete.

R214 V. E. Heaton and E. G. Lapham. Quartz plate mountings and
temperature control for piezo oscillators. Bureau of Standards
Journal of Research, 7, 683-690; October, 1931. PROC. I.R.E., 20,
261-271; February, 1932.

Abstracted in December, 1931, issue of the Proceedings of the Institute of RadioEngineers.

R214 B. Decaux. Visite de qualques laboratoires Strangers a l'occasion
de comparaisons internationales de frequence. (An account of
visits to, some foreign laboratories for the purpose of making
international comparisons of frequency.) L'Onde Electrique, 10,
521-540; December, 1931.

The L.N.R. carried a piezo oscillator to German, Italian, and English labora-tories. Results of frequency comparisons in these laboratories are described.
R242.12 J. R. Roebuck. A sensitive flexible thermostat. Rev. of Sci. Inst.,

3, 93-100; February, 1932.
Description is given of a constant temperature device which utilizes the tempera-ture change of resistance of one or two coils of wire in order to unbalance a Wheat-

stone bridge whose galvanometer controls the heating current by means of a photo-electric cell and vacuum -tube current amplifier.
R251 J. Groszkowski. La mesure du rendement des generateurs a
X 621.375.1 lampes a l'aide du photo -element. (The measurement of efficiency

of electron -tube generators with the aid of a photo -electric cell).
L'Onde Electrique, 10, 541-545; December, 1931.

A description is given of a method for measuring the power dissipated in the plateof air-cooled electron tubes with the aid of a photo -electric tube "Cua0Cu" whichis sensitive to infra -red radiation.

R300. RADIO APPARATUS AND EQUIPMENT
R320 N. Wells. Feeder adjustments for short wave vertical aerials.

Marconi Review, 33, 1-10; November -December, 1931.
This treats the problem of matching the impedance at the base of an antenna tothe natural or surge impedance of a particular form of feeder, the Marconi concen-tric type.

R330 W. Charton. Vacuum -tube performance vs. manufacturing toler-
ances. Electronics, 4, 44-45; February, 1932.

The effects of such irregularities as develop in production are treated.
R339 C. F. Stromeyer. Two sets of elements in one tube. Radio Engi-

neering, 12, 39-40; February, 1932.
The theory of operation and applications of the triple -twin tube are discussed.

R339 E. J. C. Dixon. The Heptode-A novel thermionic valve. The
Post Office Electrical Engineers' Journal (London), 24, 299-302;
January, 1932.

A transmitting tube is described with seven electrodes which replace two tuber inthe push-pull circuit. It has a plate dissipation of 250 watts per plate, and has littletendency toward self oscillation.
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R339 L. Martin. The positive -grid tube. Radio Craft, 3, 523; March,
1931.

A tube is described which works as a class "B" amplifier and delivers 20 watts of
undistorted output.

R355.21 D. B. Mirk. The Prague high power broadcasting equipment.
Electrical Communication, 10, 106-130; January, 1932.

A careful description of the 200 -kw station and equipment is given.

R355.3 0. M. Hovgaard. A transmitter for the Coast Guard. Bell Lab-
oratories Record, 10, 205-208; February, 1932.

A 35 -watt telephone or continuous -wave transmitter is described. This transmitter
is compact and is intended for use on Coast Guard ships.

R355.4 Portable beacon transmitter in the Army. Radio Engineering, 12,

X R423.4 37; February, 1932.
A portable beacon transmitter is described.

R355.5 Broadcasting with ultra -short waves. Wireless Engineer and Ex-
perimental Wireless, 9, 59-60; February, 1932.

Brief discussion of work done on ultra -short waves is given.

R355.6 Y. Kusunose and S. Ishikawa. Frequency stabilization of radio
transmitters. PROC. I.R.E., 20, 310-339; February, 1932.

The quartz -controlled oscillator is recognized as the best means of accurate
maintenance of frequency. Several other methods may be used when the frequency
stability may be as low as 0.01 per cent. These methods are described.

R355.9 E. G. Lapham. An improved audio -frequency generator. Bureau
of Standards Journal of Research, 7, 691-695; October, 1931.
PROC. I.R.E., 20, 272-279; February, 1932.

Abstracted in the December, 1931, issue of the PROCEEDINGS of the Institute of

Radio Engineers.

R355.9 E. G. Fraim. A direct -coupled amplifier for the dynatron oscilla-
tor. QST, 16, 37-38; February, 1932.

An oscillator and radio -frequency amplifier are described which will eliminate
the frequency drift of a dynatron, retaining stability in operation and giving suffi-
cient output to use the harmonics for frequency measurement.

R357 C. K. Stedman. A thermionic frequency doubler. Physics, 2,
42-47; January, 1932.

A frequency doubler is described which has an output 'that is proportional to
e 2 alone. This is accomplished by combining the output of two tubes which are
operating on different parts of the grid voltage plate current characteristic curve.

R361 R. A. Hull. An unorthodox receiver. QST, 16, 9-13; February,
1932.

Considerations involved in planning and building an advanced type of high -fre-

quency receiving set are given.

R361 L. E. Barton and L. T. Fowler. An efficient battery-operated

radio receiver. Radio Engineering, 12, 23-24; February, 1932.
A highly developed, self -powered radio receiving set using batteries is described.

R361 McM. Silver. A new short wave receiver. Radio Craft, 3, 528-529;

March, 1932.
A new Silver Marshall short wave receiving set is discussed.

R361.2 'A. L. M. Sowerby. "Ganging" the tuning controls of a super-
heterodyne receiver. Wireless Engineer and Experimental Wire-

less, 9, 70-75; February, 1932.
Three methods of ganging are mentioned. The third method is discussed. It has

all tuning condensers alike but for the oscillator the law is modified by a combina-

tion of series and parallel fixed condensers.
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R366 W. W. Garstang. A new voltage quadrupler. Electronics, 4, 50-51;
February, 1932.

A circuit and circuit constants are given for quadrupling an a -c voltage. Thevoltage doubler is also treated. Dry electrolytic condensers make the circuitpracticable.

R366.1 F. T. Bowditch. Battery design problems of the air cell receiver.
X621.353 PROC. I.R.E., 20, 215-227; February, 1932.

The present paper deals with those design features of battery -operated radioreceivers which are important from the standpoint of obtaining the maximum
useful battery life. The properties of the air cell A battery are discussed withrelation to receiver design.

R381 W. W. Garstang. Electrolytic variable condensers. Radio Craft,
3, 531; March, 1932.

A variable high capacity condenser is described.

R382 H. C. Rentschler and D. E. Henry. An improved high resistance
unit. Rev. Sci. Inst., 3, 91-92; February, 1932.

A method of making resistors which pass current proportional to voltage applied
and have resistances as great as several hundred thousand megohms is given.

R390 N. M. Rust. An application of the circle diagram to the design
of attenuation and phase equalizers. Marconi Review, No. 33,
19-28; November -December, 1931.

The adjustment of the values of the resistances of the capacity and inductance
in such a way that the total impedance across the circuit is constant for all fre-
quencies is applied to the design of attenuation and phase correcting networks.

R500. APPLICATIONS OF RADIO
R525 H. Diamond and G. L. Davies. Characteristics of airplane an-

tennas for radio range -beacon reception. Bureau of Standards
Journal of Research, 6, 901-916; May, 1931. PRoc. I.R.E., 20,
346-358; February, 1932.

Abstracted in July, 1931, issue of the PROCEEDINGS of the Institute of Radio
Engineers.

R526 H. C. Leuteritz. Radio communication on the international air-
lines. Radio Engineering, 12, 25-29; February, 1932.

Design of radio equipment and operating problems of the most extensive airways
radio communication system in the world are discussed.

R531.6 Speed of signal transmission over carrier telegraph channels.
The Post Office Electrical Engineers' Journal (London), 24, 269-
270; January, 1932.

Results are given of a measurement of speed of transmission of signals over
36,440 miles of circuit.

R531.6 F. E. Nancarrow and H. Stanesby. A continuously loaded cable
for use at high frequencies. The Post Office Electrical Engineers'
Journal (London), 24, 296-298; January, 1932.

This article describes and gives the results of electrical tests on a continuously
loaded cable developed for use at receiving stations of the long wave transat-
lantic telephony circuit.

R566 A. J. Kavanaugh. Police radio system an efficient tool of law
enforcement. Radio Engineering, 12, 30-32; February, 1932.

A description of the installation and operation of the radio police equipment of
Rochester, New York, is given.

R592 0. Block. Improving an auto radio. Radio Craft, 3, 526; March,
X R361 1932.
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In this article, the author outlines some of the problems that were encountered
in the design of an automobile receiver and describes the methods of eliminating
them.

H. G. Cisin. The screen -grid six. Radio Craft, 3, 530; March, 1932.
Construction data for a six tube, screen -grid automobile receiver is given.

R800. NONRADIO SUBJECTS

535.38 C. E. Ellis. Photocell controlled elevator doors. Electronics, 4,
54-55; February, 1932.

Description of installation and method of operation.

535.38 S. Asao. Photoelectric properties of thin films of alkali metals.
Physics, 2, 12-20; January, 1932.

Measurements are reported on the color sensitivities of various photoelectric
tubes having cathodes made of alkali metals.

621.313 A. B. Lewis. A clock -controlled constant-frequency generator.
Bureau of Standards Journal of Research, 8, 141-157; January,
1932.

A synchronous motor generator set is described whose frequency is kept constant
by a clock -tuning fork synchronoscope.

621.313.7 L. J. Barnes. Characteristic curves of the aluminum rectifying
cell. Phil. Mag., 13, 76-81; January, 1932.

The cell characteristics are outlined as an indication of the manner in which the
optimum conditions for its working can be determined.

621.385.96 G. Lewin. Frequency characteristics in film recording and repro-
ducing. Electronics, 4, 40-43; February, 1932.

This article concerns itself only with frequency characteristics of film recording
by the light valve method. The recording, processing, and reproduction of the film
record are discussed.

621.388 La television sous -marine. (Undersea television). La Nature, No.
2874, 101-102; February, 1932.

A description of a device intended to explore the undersea is given.
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EMPLOYMENT PAGE
Advertisements on this page are available to members of the Institute of Radio

Engineers and to manufacturing concerns who wish to secure trained men for
positions. All material for publication on this page is subject to editing from

the Institute office and must be sent in by the 15th of the month previous to the

month of publication.' (April 15th for May PROCEEDINGS IRE, etc.)
Employment blanks and rates will be supplied by the Institute office. Address

requests for such forms to the Institute of Radio Engineers, 33 West 39th

Street, New York City, N.Y.

MANUFACTURERS and others seeking -radio engineers are invited to ad-

dress replies to these advertisements at the Box Number indicated, care the

Institute of Radio Engineers. All replies will be forwarded direct to the ad-

vertiser.

COLLEGE GRADUATE employed two years as laboratory as-

sistant for well known manufacturer, with one year's experimental

work on vacuum tubes and with two years work as field engineer

handling installation and inspection of theatre sound apparatus. In-

terested in engineering work or in traveling for concern dealing in
commercial applications on radio or electrical devices. E.E. 1929.

Age 27. Married. Will travel. Box 102.

FIELD SALES ENGINEER with extensive experience in radio

sales and service in east, south, and middle west. Experienced in

precision instrument development inspection, laboratory testing and

calibration. Manufacturing and wholesale experience. Refrigeration

equipment construction and service. Desires position as factory repre-

sentative or position with concern dealing with development, manu-

facture, or commercial application of radio, sound equipment, or

electrical devices. Westinghouse training. Age 27. Will travel. Box

119.

COLLEGE GRADUATE with two years experience in develop-

ment and test work for one of largest manufacturing companies in

the country. As student engineer has had experience with practically

every type and phase of transmitting equipment (broadcast included).

Desires position in charge of station or communication system es-

pecially at high frequency. B.S., A.B. 1930. Age 24. Box 120.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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VARIABLE CONDENSERS
FOR T. R. F., SUPER -HET AND SHORT WAVE RADIOS

STURDIER
FRAMES

BETTER
BEARINGS

LESS
MICROPHONICS

HEAVIER ROTORS
AND STATORS

SINGLE AND
MULTIPLE GANGS

1 TO 5

nejtjkAMSCO
FINE PRODUCTS FOR TEN YEARS

VARITORS
SMALL FIXED

VARIABLE CAPACITORS
The use of this duplex unit in tuning of
primaries and secondaries of intermediate
frequency transformers in modern super-
heterodyne circuits, employing band pass in-
termediate frequency amplifiers effectively
combines adjustability and permanence for
stable circuit operation.

We invite manufacturers to write for
circular giving full particulars and prices.

DOUR-IIMSCO Q0kPOFATION
95 MORTON ST., NEW YORK CITY

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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I

SPECIAL ITEMS FOR
RADIO MANUFACTURERS

No. 7280A
3 gang, 4 positions

single circuit

No. 7150A
5 positions, 2 circuits

Readily adaptable to
other specifications

No. 7120A
Combined Acoustic and mut-

ing switch 2 or 3 positions

Terminal Strip
5 Lugs No. 6880A, 4 lugs No. 6990A

01111141:1
Terminal Strip

5 Lugs, No. 6950A

No. 7260A
3 gang, 2 positions

2 circuits

No. 7220A
12 positions, single circuit

Terminal Strip
4 Clips, No. 6830A

Terminal Strip
5 Clips, No. A6310AA, 4 Clips No. A6320AA

SORENG - MANEGOLD CO.
1901-9 Clybourn Avenue, CHICAGO, ILL.

1646 W. Adams St.
Los Angeles, Cal.

701 Stephenson Bldg. 245 -5th Ave.
Detroit, Mich. New York City

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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MERSHON .
CAPACITORS

GREATER
COMPACTNESS
WITHOUT SACRI-
FICE OF QUALITY

AND now-the improved
Mershon! A new compact
model in which space factor
is emphasized-yet there has
been no compromise with
quality.

For all filtering require-
ments, choose Mershons.
Choose them, not merely be-
cause of this exceptional sav-
ing of space, but to insure to
your set a lifetime perfection
of performance and noiseless
operation as well. They are
trouble -free -- puncture -proof
and self -healing --with a rec-
ord of proven stability gained
through more than ten years of depend-
able service. They are made in a complete
range of capacities to fit the requirements
of every make of radio.

The improved Mershons are equipped
with a new type vent entirely free from
any mechanical leakage. They are made in
both the standard stud type and a new
clamp style whict permits panel mounting

COMPACTNESS!
Compare the old and the new. The
same capacity (8-MFD) Mershon
Electrolytic Capacitor now requires
just about half the space needed
by the former model, as the above
illustration reveals.

in unusually small space. A special type
of seal has also been developed to permit
combination speaker and capacitor mount-
ing offering a complete and compact filter
unit. Write for Engineering data.

illagnavoxCompanyLid
General Offices and Factory, Fort Wayne, Indiana

Subsidiaries:
The Magnavox Co., Electro Formation, Inc., Magnavox (Australia), Ltd., Magnavox (Great Britain), Ltd.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Piezo Electric Crystals
New Price List Effective Immediately

We are extremely pleased to announce NEW REDUCED
PRICES for HIGH GRADE CRYSTALS for POWER use. Due to
our NEW and MORE EFFICIENT METHOD of preparing these
crystals, we are allowing you to share in the LOWER COSTS of
producing these crystals.

We are proud of the confidence our customers have shown toward
us, we extend to them our sincere thanks for their patronage thus
making this reduction possible.

New prices for grinding POWER crystals in the various frequency
bands as follows:

FREQUENCY RANGE NEW LIST
100 to 1500 Kc $40.00

1501 to 3000 Kc $45.00
3001 to 4000 Kc $50.00
4001 to 6000 Kc $60.00

The above prices include holder of our Standard design, and the
crystals will be ground to within .03% of your specified frequency. If
crystal is wanted unmounted deduct $5.00 from the above prices.
Delivery two days after receipt of your order. In ordering please
specify type tube, plate voltage and operating temperature.

Special Prices Will Be Quoted in Quantities of Ten or More

POWER CRYSTALS FOR AMATEUR USE

The prices below are for grinding a crystal to a frequency selected
by us unmounted, (if wanted mounted in our Standard Holder add
$5.00 to the prices below) said crystal to be ground for POWER
use and we will state the frequency accurate to better than a tenth
of one per -cent. IMMEDIATE SHIPMENT CAN BE MADE.

1715 to 2000 Kc band $12.00 each
3500 to 4000 Kc band $15.00 each

LOW FREQUENCY STANDARD CRYSTALS

We have stock available to grind crystals as low as 13 Kilo -cycles.
Prices quoted upon receipt of your specifications.

PIONEERS: POWER CRYSTALS SINCE 1925

This record is proof to you that you will get the best there is in
Piezo Electric Power Crystals. Get the best. It is more economical.

Scientific Radio Service
"THE CRYSTAL SPECIALISTS"

124 Jackson Ave., University Park Hyattsville, Maryland

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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THE MOST NEARLY LIMITLESS
SERVICE THE WORLD AFFORDS
COUNT, if you can, the value of a
given telephone call. It may cost
you five cents or less. It may have
profited you five dollars or five hun-
dred dollars. It may have brought
you five friends or five hours of
leisure, or five years more of life.

There is no way to measure the
full value of the telephone, for it
is the most nearly limitless service
the world affords.

It is yours to use as you will,
when you will, wherever you will.
It knows no time or distance, class
or creed. Over its wires come mes-
sages of hope and cheer, of friend-
ship and love and business,
of births and marriages. of

every active moving step in life
and living. Its many millions of
calls each day are the vocal his-
tory of the nation-the spoken
diary of the American people.

Hundreds of thousands of em-
ployees, eighty-five million miles
of wire, and a plant investment of
more than four thousand million
dollars are at your service when-
ever you pick up the telephone.
Yet the charge forlocal residential
use is only a few cents a day.
Infinite in value . . . low in
cost . . . your telephone. In the
next moment it may ring with a

message that will change
your destiny.

AMERICAN TELEPHONE AND TELEGRAPH COMPANY

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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ERIE RESISTORS score a hit
on every desirable feature. They
pass every test and deliver per-
manent satisfaction to manufac-
turers who use them in their pro-
duction.

The consistent quality of ERIE
RESISTORS is maintained by
constant laboratory checks on
every step in the manufacturing
process. Triple inspection which
follows brings about the lowest
percentage of rejections ever
known in the industry.

If you have need for moulded
type resistors, in your production
work, it will pay you to learn all
about ERIE RESISTORS. They
will help you cut your production
costs.
May we send you samples and
prices?

ERIE RESISTORS
ERIE RESISTOR CORPORATION, ERIE, PA.
Factories In Erie, Pa., Toronto, Canada and London, Eng.

Wizen writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Seven Reasons Why this Switch
Is Insulated with Textolite

1. Better Insulation
2. Good Machineability
3. High Dielectric Strength
4. Prevention of Warping
5. Resistance to Moisture
6. Accurate Fabrication
7. Mechanical Strength

Illustrating the insulating pieces, fabricated from Textolite
laminated-the rear view of the Trumbull tumbler switch,
showing how the fabricated parts are used and the switch

complete with its black Textolite-molded case

OTHER PRODUCTS -
Textolite molded
Cetec cold - molded

HERE are seven good
reasons why the

Trumbull Electric
Manufacturing Com-
pany, Plainville, Conn.,
changed to Textolite
laminated for insulat-
ing its No. 7470 panel
tumbler switch and
other devices.

Textolite laminated is a General Electric product
manufactured in sheets, tubes, and rods to meet the
demand for better insulation in the electrical field
and to supply a material of inherent beauty and
mechanical strength in the industrial field.

Study the possibilities of adapting Textolite lami-
nated to your product. You may be able to effect
great savings for your company.

We shall be glad to send you Scopy of our bulletin,
GEA-1458. Simply addrsss General Electric Com-
pany, Plastics Department, Meriden, Conn.

EASTERN FABRICATOR
General Fabricating Co.

37 East 18th Street
New York City

WESTERN FABRICATOR
Electrical Insulation Corp.
308 W. Washington Street

Chicago, Ill.

831-12D

GENERAL ELECTRIC
PLASTICS DEPARTMENT, MERIDEN, CONNECTICUT

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

XX



PREMIER CRYSTALS
Are Dependable for Quality,

Output, and Performance

Finished CRYSTALS of all descriptions

CRYSTAL BARS, PLATES and BLANKS ground to any
specifications

CRYSTALS for amateurs

All PREMIER PRODUCTS are made from finest quality
selected Brazilian quartz

Your inquiries solicited-Prompt service

PREMIER CRYSTAL LABORATORIES, Inc.
53 PARK ROW, NEW YORK CITY

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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The
COMET "PRO"

Super -efficient eight -tube super- /
heterodyne receiver for profes- /
sional operators and broadcast-
ing stations. Range, from 15
to 125 meters. Band -spread 0., 1;
tuning system. Special os-/C.,
cillator for C.W. recep-
tion. Phone jack and .

tospeaker connections. /,$c4s, A ./ '"
. 0

/4e 4c)47/, ;.,
aammarlund

74/(7'fbootbV
Qw

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

Always a Market

for BETTER PRODUCT
LEADERSHIP, in any line, invari-
ably is the result of high quality
standards, produced at the lowest
commensurate cost.

Hammarlund Precision Products
have led their respective fields since
the beginning of broadcasting.

Price -cutting epidemics come and
go, but there is always a market for
better products.

For Accurate Tuning
of INTERMEDIATE
TRANSFORMERS

Proved design-will not change in
resistance or capacity from humid-
ity, temperature or vibration. Spe-
cially tested Isolantite base mounts
inside of transformer shield.

Self -aligning phosphor -bronze ad-
justable spring plates, double
riveted. Selected mica insulation.

Three ranges in single or dual
models -10 to 70 mmf.-70 to 140
mmf.-140 to 220 mmf.

Mail Coupon
for Details
and Prices

MIDGET CONDENSER
Defies Vibration

Ideal for short-wave, airplane or automo
bile receivers, where compactness and
freedom from vibration are essential.
Single and dual models -20 to 325 mmf.
per section. Soldered brass plates, riveted
frame, phosphor bronze rotor contact. Iso-
lantite insulation.

Riziztet. Radio

PREC/S/ON
PRODUCTS
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4-32

Mbe 3lnstitute of Rabic) (engineers
Incorporated

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

APPLICATION FOR ASSOCIATE MEMBERSHIP
(Application forms for other grades of membership are obtainable from the

Institute)
To the Board of Direction

Gentlemen :

I hereby make application for Associate membership in the Institute of Radio
Engineers on the basis of my training and professional experience given herewith,
and refer to the members named below who are personally familiar with my work.

I certify that the statements made in the record of my training and pro-
fessional experience are correct, and agree if elected, that I will be governed by the
constitution of the Institute as long as I continue a member. Furthermore I agree
to promote the objects of the Institute so far as shall be in my power, and if my
membership shall be discontinued will return my membership badge.

(Sign with pen)

(Address for mail)

(Date) (City and State)

References:
(Signature of references not required here)

Mr. Mr.

Address Address

City and State City and State

Mr.

Address

City and State

The following extracts from the Constitution govern applications for admission to the
Institute in the Associate grade:

ARTICLE II-MEMBERSHIP
Sec. 1: The membership of the Institute shall consist of:    (c) Associates, who shall be

entitled to all the rights and privileges of the Institute except the right to hold any elective

office specified in Article V.   
Sec. 4: An Associate shall be not less than twenty-one years of age and shall be a person who

isinterested in and connected with the study or application of radio science or the radio arts.

ARTICLE III-ADMISSION AND EXPULSIONS

Sec. 2:    Applicants shall give references to members of the Institute as follows:   for

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

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

RECORD OF TRAINING AND PROFESSIONAL
EXPERIENCE

Name
(Give full name, last name first)

Present Occupation
(Title and name of concern)

Business Address

Permanent Home Address

Place of Birth Date of Birth Age

Education

Degree
(college) (Date received)

TRAINING AND PROFESSIONAL EXPERIENCE

DATES

Record may be continued on other sheets of this size if space is insufficient.

Receipt Acknowledged Elected Deferred
Grade Advised of Election This Record Filed
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ENGINEERING LEADERSHIP

A NEW SERIES OF
RADIOTRON AND
CUNNINGHAM RADIO

TUBES

THE ENGINEERING LEADERSHIP

RESPONSIBLE FOR THE DEVELOP-

MENT OF THIS SERIES OF RADIO -

IRON AND CUNNINGHAM RADIO

TUBES, COUPLED WITH THE DESIGN

FACILITIES OF THE SET MANUFAC-

TURER, MAKES POSSIBLE ADVANCE-

MENT IN RADIO RECEIVER DESIGN.

BOOTH 36 -- I. R. E. SHOW

UNIFIED SALES -ENGINEERING SERVICE

RCA RADIOTRON CO., INC.

E. T. CUNNINGHAM, INC.
HARRISON, NEW JERSEY

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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RECTIFIERS
AMONG the 57 types of tubes comprising the complete
line of DeForest Audions are rectifiers for every receiv-
ing, transmitting and power amplifying purpose. And
among the standard and special equipment designed and
built by DeForest are complete rectifier units to take the
place of unsatisfactory motor generators and haywire
rectifiers. Knowledge and experience covering tubes and
equipment alike, assure maximum efficiency. Typical of
DeForest rectifier technique are:

Type 566
A half -wave hot cathode, mercury
vapor rectifier tube providing ideal
D.C. power from A.C. supply for
transmitting and power amplifier
work. Maximum inverse peak
voltage applied to anode, 7500
volts. Due to special cathode con-
struction, with filament parallel to
the plane of the anode-this con-
struction applies to all DeForest
Rectifier Audions-the flash -over
voltage rating is much higher than
with usual -66 tube. Maximum
peak plate current is 0.6 ampere.

Type 569
This large sized hot cathode, mercury vapor rectifier is rated
at 20,000 maximum peak inverse volts, and 5 maximum peak
amperes. It is popular in broadcast and commercial trans-
mitters. DeForest engineers have redesigned the filament, in-
troducing a flat W-shaped filament in place of helical type.
Also, the special DeForest nickel -cobalt filament is employed.
Greater emission, complete freedom from sagging, constant
uniformity and longer life are thus obtained.

Type 572
Another half -wave hot cathode,
mercury vapor rectifier tube but
of greater current -handling ca-
pacity than the 566. Ingenious
construction tends to raise the
flash -over breakdown point be-
) and the usual -72 type. This
rectifier provides ideal D.C. power
from A.C. supply. Maximum peak
plate current, 2.5 amperes.

Wr e for data covering the complete line of DeForest transmitting and
receiving tubes. And remember, DeForest designs and produces

both standard and special units for transmitting, amplifying, frequency moni-
toring, frequency controlling, and television purposes.

RECEIVING

(AuDioNs) TRANSMITTING TUBESAND

DE FOREST RADIO COMPANY, PASSAIC, NEW JERSEY

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

XXVI



Let Scovill solve your

PRODUCTION

PROBLEMS
<..

SINCE the beginning of the radio industry, many radio manufac-

turers have come to Scovill with their production problems.

As specialists in metal parts, this organization is well-equipped to fill

their needs. For Scovill offers unusual manufacturing facilities. Highly

skilled workmen and technicians. Large-scale production without low-

ered quality. And, above all, that special ability to cooperate with the

radio manufacturer in such a way as to turn out a practical finished

product from his plans.

Your requirements may range from machine screws to complete radio

condensers. To whatever problem you may present, Scovill will devote

its expert knowledge. And through Scovill methods, your costs may be

lowered, your plant simplified and your product improved.

Seovill
Scovill Manufacturing Company

Waterbury, Connecticut
Boston Providence New York Philadelphia Atlanta

Syracuse Detroit Chicago Cincinnati

San Francisco Los Angeles in Europe: The Hague, Holland

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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ROLLER -SMITH Announces
the Type HTD-2 Circuit Tester

and Ohmmeter

TE
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THE ROLLER -SMITH Type
HTD-2 Circuit Tester embod-

ies in one instrument a means of
testing for circuit continuity and a
means of reading resistances direct
over a range of 0 to 50,000 ohms.

It has a self-contained easily re-
newable standard flash light cell,
1" by 17/8".

It is enclosed in a molded bake-
lite case, with carrying strap and
rubber feet. A switch shifts from
the 5,000 to the 50,000 ohm range.
A rheostat is provided to compen-
sate for drop in cell potential. A
pair of flexible test leads comes
with each instrument.

The HTD-2 Circuit Tester is the
most useful instrument that can be
imagined and any and every one
who has occasion to test circuits
for continuity and resistance
should have one.

The price is surprisingly low.

Send for your copy of Supplement No. 2 to Bulletin,No. K-300

OLLER-SMITII COMP
Electricalljctrical Measurtn  and Protecttve Apparatus'

MAIN OFFICE: WORKS:
2134 Woolworth Bldg., New York Bethlehem, Pennsylvania

Roller -Smith Products comprise complete lines of Electrical Instruments, indicat-
ing and graphic; Relays; Air and Oil Circuit Breakers and Control Panels.
Bulletins covering the various items will be sent on request.

When writing to advertisers mention of the PROCEEDINGS 7cill be 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
the listing of their company affiliation or title in the Year Book.

The Secretary,
THE INSTITUTE OF RADIO ENGINEERS,
33 West 39th Street,
New York, N.Y.

Dear Sir:
Effective please note change in my address

(date)

for mail as follows:
FROM

(Name)

(Street Address)

(City and State)

TO NEW ADDRESS

(Street Address)

(City and State)

Please note following change in my Year Book listing.

(Title)

(Company Name)

(Company Address)
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Back Numbers of the Proceedings,
Indexes, and Year Books Available

MEMBERS of the Institute will find that back issues of the Proceed-
ings are becoming increasingly valuable, and scarce. For the benefit

of those desiring to complete their file of back numbers there is printed be-
low a list of all complete volumes (bound and unbound) and miscellaneous
copies on hand for sale by the Institute.

The contents of each issue can be found in the 1909-1930 Index and in the
1931 Year Book.

BOUND VOLUMES:
Vol. 10 (1922), $8.75 per volume to members
Vol. 18 (1930), $9.50 to members

UNBOUND VOLUMES:
Vols. 5. 6, 8, 9, 10, 11, 13, 14, 18, and 19 (1917-1918-1920-1921-1922-

1923-1925-1926-1930-1931), $6.75 per volume (1917-1926) and $7.50
per volume (1927-1931) to members

MISCELLANEOUS COPIES:
Vol. 1 (1913) July and December
Vol. 2 (1914) June
Vol. 3 (1915) December
Vol. 4 (1916) June and August
Vol. 7 (1919) February, April, August, and December
Vol. 15 (1927) January, April, May, June, July, October, November, andDecember
Vol. 16 (1928) February, March, April, May, June, July, August, October,November, December
Vol. 17 (1929) January, February, March, April, May, June, July, August,

September, November. and December.

These single copies are priced at $1.13 each to members to the January,
1927, issue. Subsequent to that number the price is $0.75 each. Prior to
January, 1927, the Proceedings was published bimonthly, beginning with
the February issue and ending with the December issue. Since January,
1927, it has been published monthly.

MEMBERS will also find that our index and Year Book supplies are
becoming limited. The following are now available:

INDEX
The Proceedings Index for the years 1909-1930 inclusive is available to
members at $1.00 per copy. This index is extensively cross indexed.

YEAR BOOK
The 1932 Year Book is now available to members at $1.00 per 'Copy. This
Year Book includes a current alphabetical catalogue of the I.R.E. member-
ship, in which the mailing address and business affiliation of each mem-
ber is listed, as well as current information on standard measurements for
tubes and sockets and standard requirements for radio receivers.
Make remittances payable to the Institute of Radio Engineers and send
orders to:

THE INSTITUTE OF RADIO ENGINEERS
33 West 39th Street

NEW YORK CITY, N. Y.
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Low voltage coefficient. Low

noise level. Long life. Ability

to withstand overload. Im-
perviousness to moisture.

When the United States Marines arrive on a job, there is a
feeling of security-a supreme confidence that the situation
will be well taken care of.

When I.R.C. Metallized Resistors are specified in radio re-
ceivers, the engineer knows that as far as resistance units are
concerned, the utmost in performance is assured.

Specify I.R.C. Resistors for All Around Performance

INTERNATIONAL RESISTANCE COMPANY
PHILADELPHIA TORONTO

Also Makers-I.R.C. Precision and Powerohm Wire Wound Resistors

Mtaib: Resistors
When writing to advertisers mention of the PROCEU NGS will be mutually helpful.
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FROM

"RADIO HEADQUARTERS

1 1

To
Radio Engineers

Dependable capacitors of
Superior Quality.

Many styles, and designs
available for all classes of
Radio Service.

Our Capacitor Engineering
facilities are available, upon
request, to allusersof Mica and
Paper Dielectric capacitors.

INDUSTRIAL PRODUCTS SECTION

RL-43 Permanent
Magnet Dynamic

Loudspeaker

Magnetic Pickup and
Inertia Tone Arm

RCA Victor Company, Inc.
A Radio Corporation of America Subsidiary

CAMDEN, N. J.
"RADIO HEADQUARTERS"

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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AMERTRAN
SOUND SYSTEM PANELS

Suggested Panel Layout No. 2.
(For Undistorted Outputs of 22..5 Watts)

Long recognized as typifying the
"Standard of Excellence" in audio
products, the Amertran line now in-
cludes a wide assortment of standard
panels designed to fill every require-
ment for complete sound systems.

Amertran panels are so constructed
that they may be assembled on racks
in various combinations for every pur-
pose. They are the best that engineer-
ing genius can produce with the
finest of materials and workmanship.

Before placing these Sound Systems
on the market, months of research
were spent in perfecting them, and
thousands of panels were built for
special applications-tested for true
fidelity and satisfactory service, both
in the laboratory and in actual in-
stallations.

Bulletin iloo gives complete information and illustrations
cf Standard Amertran Panels. Write for it on your
business stationery, and send specifications of your par-
ticular problem. Our engineering staff is at your service.

AMERICAN TRANSFORMER COMPANY
Factory and Main Office

179 Emmet Street, Newark, N.J.
New York Office

Room 1963
HUDSON TERMINAL, 50 Church Street

AMERTRAN
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Three more new units
that complete Radio's most

comprehensive line of Volume
and Tone Controls

No. 80 Series Single Unit,with-
out switch.

No. 80 Series Single Unit with
S. P. S. T. low torque

snap switch.

HERE are three new Volume and Tone Con-
trols that effectively round out the most

comprehensive line of these units ever offered
to set manufacturers. These new items are

No. 80 Series Single Unit, without switch.
No. 80 Series Single Unit, with S. P. S. T.

low torque snap switch.
No. 2.80 Series Tandem Unit without

switch.

These new units are of the carbon element
type. They are of sturdy construction, de-
signed for extremely rapid assembly, and are
noiseless in operation. Capacity between thim-
ble and shaft and the "live" parts of the con-
trol is practically nil.

The snap switch with which the No. 80
Single Unit is equipped is of our own design
and manufacture. It is of the low torque, low
contact resistance type, with "COLD" cam.
When desired, we can furnish switch -equipped
units with electrostatic shield, thus enabling
the control to be directly associated with the
grid circuit without any possibility of pickup
from the power circuit.

We are prepared to supply these new con-
trols in any desired resistance gradient. Write
us today regarding your requirements. Let our
Engineering Department work with you on a
control or controls that will exactly.meet your
specifications.

With these new units you now can obtain
from us every possible type and style of Vol-
ume and Tone Control, in either carbon ele-
ment or wire wound type-by far the most

No. 2-80 aeries Tandem Unit complete line available.
without. switch.

CHICAGO TELEPHONE SUPPLY CO.
HERBERT H. FROST, Inc., Sales Division

GENERAL OFFICES AND PLANT
ELKHART, INDIANA

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Send for this New Catalog
NOW!

It's
FREE
Every Radio Engineer, Purchasing Agent, Manufacturer and Technician should have
a copy of this latest manual and catalog. It contains 48 pages full of new, valuable and
interesting data on condensers and resistors, listing the most complete line of condenser
and resistor products for all radio and electrical applications. A request on the coupon
below will bring your copy immediately.

AEROVOX
WIRELESS CORP.

70 Washington Street
Brooklyn, New York

Manufacturers of
The Most Complete Line of Con-
densers arid Resistors in the Radio

and Electrical Industries

The Aerovox Research Worker is a free
publication issued to keep radio engineers,
technicians and experimenters abreast of
the latest developments in radio practice,
especially with the proper use of condens-
ers and resistors. If you are not already re-
ceiving the Research Worker regularly, a
request on the coupon below will place
your name on the mailing list.

- - - - - - - - - - - - - -
AEROVOX WIRELESS CORP. I.R.E. Proc.
70 Washington Street Apr., 1932
Brooklyn, N.Y.

Gentlemen:
Please send me without charge or obligation:

( ) Your 1932 Condenser and Resistor Manual
and Catalog.

( ) The Research Worker.

Name

Street

City State

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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UNITARY
STRUCTURE
Note the extreme ri-
gidity of these tubes.
The Unitary Structure
principle of interlock-
ing the elements main-
tains the precise inter-
relation of parts
through interdepend-
ence. Each rugged ele-
ment is securely clamp-
ed at the top and bot-
tom and the complete
assembly is a sturdy
unit-insuring con-
stant uniformity.

assures matched
tubes . . . endur-
ing uniformity...
long-lived per-

formance
Seldom have new products
offered such a decided im-
provement over existing de-
vices. The uniformity, per-
formance and unique con-
struction of Arcturus trans-
mitting tubes establish a
new basis for considering
operation cost per hour.

The exclusive "unitary
structure" principle em-
ployed in these tubes- the
same as used in the well-
known Arcturus Blue receiv-
ing tubes-assures unvary-
ing uniformity even under
most rigorous conditions.
"Unitary structure" also in-
sures matched tubes, so
necessary for critical opera-
tion. These tubes are inter-
changeable with other
makes whose last two digits
are similar.

Write for technical data
bulletins on the Arcturus
Types E703-A,E711,E711-E,
E745 (50 -watt tubes) and
E766 and E772 (mercury
vapor rectifiers).

Arcturus
Radio

Tube Co.
Newark,

N. J.

CTU RU S
Quatitti-ruhetlor
WitturnittimAkereivinf
and 9miuxtrial 214.et

.WhenwritMg to advertisers. mention of the PROCEEDINGS will be mutually helpful.
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II

CONTINENTAL RESISTORS
AND

SUPPRESSORS

E2

D2

liVrI,FAT V. I' MILOS IS,
SCREW IN CABLE TYPE SUPPRESSOR

Continental Suppressors are standard

units. They are made in three types,

with regard to form of terminals, one

of the most popular being the screw

cable type shown above.

The merit of these superior units has

G 4 been proved by their perfect per-

formance.

Shown Approximately One-half Size

Continental Resistors are made to
exacting specifications under close
manufacturing and laboratory con-
trol.

They pass the standard tests for
first quality units and are in exten-
sive use by principal radio manu-
facturers.

Continental units have been es-
tablished leaders for eight years.

For satisfactory service use Con-
tinental Resistors.

Write for Information and Prices

CONTINENTAL CARBON INC.
13900 Lorain Avenue

CLEVELAND, OHIO

CURTIS
Electra Chemical

CONDENSER..

TYPE_ CP..9,13
13,

ATLI COITINIMIll CPR,
moo 041101

CURTIS

ELECTRO-

CHEMICAL

CON-

DENSER

Made in
Round,
Square,

Rectangular,
Aluminum,

Tin or
Cardboard
Containers.

Working Voltages Range
from 1 to 450 Volts .

We invite comparative tests.
CURTIS-CONTINENTAL CORP.

13900 Lorain Avenue
Cleveland, Ohio

When writing to advertisers mention of the PuocEEvtutis will be mutually helpful,
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eifcclaimed By The Industry! The New

ACRACON*
DR y Electrolytic

Condenser
THAT this newest Acracon condenser meets

a long felt need in the industry is proved by
the enthusiastic comment and SALES since the
announcement last month of the Acracon Dry
Electrolytic unit.

Note These Features:

 peak operating voltage 500
 surge voltage 600
 low initial leakage

 leakage current at 500 volts less than .2 mils per mfd.

 constant capacity; does not decrease with age

 stable power factor; does not increase with age

 non -corrosive connections

 metal or fibre container
 standard and special sizes

Write Today for Descriptive Literature!

* Acracon Features are Protected by Patents Pending

Condenser Corporation of America
259 Cornelison Ave., Jersey City, N.J.

Factory Representatives In:
Chicago Cincinnati St. Louis San Francisco Los Angeles Toronto

And Other Principal Cities

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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GENERAL CABLE COILS

built to rigid specifications

Every Type and Size
of Magnet Wire

With uniform magnet wire made by Gen-

eral Cable, and other materials selected only

after approval by General Cable's research

laboratories . . General Cable Coils meet the

most severe limitations. Long and varied

training makes our operators experts in pre-

cision winding. Constant supervision and

test assure dependability. Your coils are right

if they are made by General Cable.

GENERAL CABLE CORPORATION
420 LEXINGTON AVENUE, NEW YORK OFFICES IN PRINCIPAL CITIES

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Type BC
This is a new and very popular model
with two capacities on the same unit.
The lug is common for both capacities.
Both sections must be the same voltage.
This is a most economical unit.

"CUB" CONDENSERS
Cornell Cub Condensers were introduced three years
ago. Since that time, they have become the most uni-
versally used condensers in radio set design in the
United States where capacities from 5 microfarad down-
ward are used. The units are wound non -inductively
on a wooden mandrel to which both the contacts and
self supporting soft copper tinned mounting wires are
attached. The new model shown here is enclosed in a
thoroughly impregnated moisture proof casing.

WRITE FOR NEW CATALOG A
Describing the complete line of Cornell Capacitors

and Resistors.

CORNELL ELECTRIC MFG. CO., Inc.
Manufacturers of

CORNELL "CUB" CONDENSERS
Filter and By -Pass Condensers, Interference Filters and

Al! Types of Paper Dielectric Condensers

LONG ISLAND CITY, NEW YORK
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Spraying
Pure Copper as Contact Base

For Centralab Fixed Resistors
Send for this interesting, graphically illus-

trated booklet telling how Centralab Fixed

Resistors are made. Explains why these

popular resistors are different and better.

This book is of special value to the en-

gineer and serviceman alike. It is free for

the asking. Send for it today.

CENTRAL RADIO LABORATORIES
MILWAUKEE, WIS.

CENTRALAB FIXED RESISTORS
1l'hrn writlit9 10 0(1Crlisms »t,mlion of the PROCEEDINGS will be mutually helpful.
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I. R. E. MEMBERS

When you are in Pittsburgh at the Twentieth
Anniversary Convention April 7, 8, and 9,
don't miss the COMPONENT PARTS EX-
HIBITION-one of the biggest features of
the 1932 Convention.

This year thirty-eight manufacturers of set com-

ponents, measuring instruments, laboratory
equipment, and other manufacturing aids will
have their products on display for your special
benefit. These companies will have trained en-

gineers in their booths to answer your questions
and explain the make up of their products to
you in detail.

Look over the materials on display and talk over
your manufacturing problems with the engi-
neers in these booths. They can help you and
you can help them!

Component Parts Exhibition .
Major Ball Room

William Penn Hotel
Pittsburgh, Penna.

April 7 - 8 - 9 -- 1932

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

FOR ADVANCED
TRAINING

in:
Practical Radio Engineering

Practical Television Engineering

write to
CAPITOL RADIO ENGI-
NEERING INSTITUTE

Riggs Bank Bldg.
Washington, D.C.

The J. G. White
Engineering Corporation

Engineers-Constructors

Builders of New York Radio
Central

43 Exchange Place New York

ALLEN B. DU MONT
Consulting Engineer

Vacuum Tubes-Television
Experimental Cathode Ray Tubes

made to order

Phone

Montclair

2-2176

Office and Laboratory
9 Bradford Way
Upper Montclair, N.J.

For EXPORT of Material Manufactured
by:

American Transformer Co.
Allen D. Cardwell Mfg. Co
Cornell Elec. Mfg. Co., Inc.
Corning Glass Works
P. R. Mallory
Radio Engineering Labs.
Ward Leonard Electric Co.
Weston Elec. Inst. Co.

Apply to
AD. AURIEMA, INCORPORATED

116 Broad St.
New York City, N.Y.

JENKINS & ADAIR, INC.
Engineers

Designers and manufacturers of appara-
tus essential to broadcasting, sound re-
cording and sound measurement work.

3333 Belmont Ave., Chicago, U.S.A.
Cable Address: Jenkadair

Telephones: Keystone 2130

FLECTRICAL TESTING
L LABORATORIES

Tests of Inductances_
Condensers_Transform-
ers etc. Life and charac-
teristics of Radio Tubes

80th. Street and East End Ave.
 NEW YORK, N.Y.

Greenleaf Whittier Pickard
Consultant

59 Dalton Road,

Newton Centre, Mass.

BEN J. CHROMY
Attorney at Law

Patents and Patent Causes
National Press Bldg.

WASHINGTON, D.C.

"Radio Patent Service"
Weekly

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

XLIII



Alphabetical Index to Advertisements

A I

Aerovox Wireless Corp XXXV Inca Division National Elec. Prod.
Allen-Bradley Co...Inside Back Cover Corp. XLVIII
American Tel. & Tel. Co. XVIII International Resistance Co XXXI
American Transformer Co.. . . XXXIII I.R E XXIII,
Arcturus Radio Tube Co. XXXVI XXIV, XXIX, XXX, XLII

C
M

Cardwell, Allen D., Mfg. Corp...XLVI
Magnavox Co., Ltd. XVICentral Radio Laboratories XLI

Chicago Telephone Supply Co.. XXXIV
Condenser Corp. of America.XXXVIII
Continental Carbon Co XXXVII
Cornell Electric Mfg. Co XL
Cunningham, E. T., Inc. & RCA Premier Crystal Labs., Inc. XXI

Radiotron XXV Professional Eng. Directory....XLIII

D

DeForest Radio Co. XXVI
DeJur-Amsco Corp. XIV

E

Employment Page XIII
Erie Resistor Corp XIX

G

General Cable Corp. XXXIX
General Electric Co. XX
General Radio Co.. Outside Back Cover

R

RCA Radiotron & E. T. Cunning-
ham, Inc XXV

RCA Victor Co., Inc XXXII
Roller -Smith Co. XXVIII

S

Scientific Radio Service.-. XVII
Scovill Mfg. Co XXVII
Soreng-Manegold Co. XV
Stackpole Carbon Co. XLV

H W
Hammarlund Mfg. Co XXII Weston Elec. Instrument Corp..XLVII

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

XLIV



VISIT

BOOTH 18

STACKPOLE
CARBON

RESISTORS

STACKPOLE CARBON COMPANY
St. Marys, Penna.

Manufacturers of Highest Quality Carbon Products

for more than a quarter of a century

When writing/ to advertisers mention of the l'in10EEDI as will be inutmiltv
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KNOW
YOUR CONDENSERS
Confidence, born of knowledge obtained through many exhaustive tests
in actual service, has enabled engineers and designers in the most famous
shops and laboratories, Army and Navy technicians and noted physicists
to unhesitatingly choose and specify CARDWELL condensers for de-
velopments requiring variable condensers of unquestioned efficiency and
reliability. These most expert of experts can't afford to be wrong.

Outstanding among the many CARDWELL models is the CARDWELL
Featherweight Midway, the big little condenser, pioneer in its class.
The largest size, Type 413-B is a 150 mmfd. 3000 volt transmitting
condenser, yet it weighs but seven ounces!

CARDWELL Midways, now famous on the Airways, have a score of
possible applications now being served, in many cases, by inadequate
and inferior makeshifts. Like all CARDWELL condensers they are pre-
cision built, vibration proof, sturdy and strong. Reliability and strength
have not been sacrificed to any expedient making for cheapness of
manufacture. Skilled artisans, not rivet presses, assemble them. The
CARDWELL Midway is as different from the usual "quantity produc-
tion" small -size condenser as a fine time -piece is different from a dollar
watch.

There are many other CARDWELL models-in infinite variety-for
receiving and transmitting, ranging from the fine little "Balancet" to
giant condensers for commercial transmitting and broadcasting.

Know the CARDWELL-Send for literature.

  +  --with <
To acquaint you with the scope of the CARDWELL Manufacturing
Service a special folder has been prepared, describing special instru-
ments and apparatus designed and manufactured by us and manufac-
tured to customers' specifications. May we send it?

CARDWELL CONDENSERS
AND

MANUFACTURING SERVICE

The Allen D. Cardwell Mfg. Corp'n
93 Prospect Street, Brooklyn, N.Y.

Vhen writing to advertisers mention of the PROCEED' NGS will be mutually helpful.
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Wer

YOUCM/At We A G000
SCILLATOR

For good superheterodyne servicing-
the kind that builds profits and repu-
tation-a complete, accurate Oscilla-
tor is vitally necessary.

Only with such an instrument as
the Weston Oscillator, Model 590, can
you reliably and accurately align I. F.
stages and gang condensers, deter-
mine sensitivity and selectivity, check
R. F. transformers, condensers and

OUTSTANDIN
GRID DIP MILLIAMMETER - definitely
indicates that Oscillator is functioning. En-
ables individual tests of each R. F. stage.
Determines resonance point of any coil and
condenser circuit within oscillator range.
Also serves as filament and plate voltmeter.

ATTENUATOR-to control oscillator out-
put. Special unique design. Permits unusually
smooth and gradual adjustment of output
over entire range.

TWO TYPE '30 TUBES-one for the R. F.,
the other to modulate the R. F. to produce an
audible 400 cycle note with 309 modulation.

SELF-CONTAINED BATTERIES-a

vivA 4141 rib]
I want more information on that Name

0 Model 590 Oscillator
Address

the oscillator stage of modern re-
ceivers.

Unusually complete, extremely
practical, highly accurate - Model
590 covers the broadcast band of 550
to 1500 kilocycles, and the intermedi-
ate frequency band of 110 to 200
kilocycles. Frequencies between 200
and 550 and above 1500 kilocycles ob-
tained by means of harmonics.

G FEATURES
shielded compartment provided for one 22'2
volt "B" battery and four 112 volt flashlight
cells.
COMPLETE SHIELDING - effectively
shielded by thick cast aluminum case parti-
tioned for batteries and Output Meter.

-.111PR A DIO SET TESTER-
Model 565. Complete port-
able radio laboratory. Con-
tains A. C. -D. C. Radio Set
Tester; checker for all A. C. -
D. C. tubes, including pen-
tode and automobile types;
R. F. Oscillator; direct -read-
ing Ohmmeter, Output Me-
ter and Condenser Meter.

ELECTRICAL INSTRUMENT
CORPORATION
589 Frelinghuysen Ave., Newark, N. J.

 Model 565 Radio Set
Tester City State

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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REFERRED
SOURCE OF SUPPLY FOR

MAGNET WIRE & COILS
No electrical or radio product is any
better than the magnet wire and coils
used in its construction.

Inca products are engineered and man-
ufactured by pioneers in the copper
wire industry . . . products reliable in
quality and uniformity, and depend-
able in service.

These are some of the reasons why
many of the country's leading manu-
facturers have adopted Inca as their
preferred source of supply.

INCA MANUFACTURING DIVISION
of National Electric Products Corporation

Fort Wayne, Ind.

!INSANE11 rill 71:1

N I 1:7

1BEST IN COPPER Hill

WIRE PRODUCTS

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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SOLID MOLDED RESISTORS
FOR MOTOR CAR RADIO FOR CONSOLE RADIO

Do Your Sets
a05:;;2 go "Sour" in Service

due to poor Resistors?

Interference (corn igni-
tion systems in radio -
equipped motor cars is
suppressed with Bradley
Suppressors. When used
with suitable bypass con-
densers in ignition circuit,
shielded ignition cables
are unnecessary.

The satisfactory operation of your receivers
depends to a great extent upon the accuracy
of your fixed resistors. Bradleyunit Resistors are
used by the world's largest radio manufacturers,
because their resistance value is stable under
varying conditions of load, temperature, and
moisture. They are not subject to wide fluctu-
ation due to long use. Don't risk the reputation
of your receiver with poor resistors. Get an
Allen-Bradley quotation on your next order.

Tres A. Sind,
Brsdieveresscr

Tred/14;rin:tusV.

BRADLEYOMETERS
The Bradleyomeler is a potentiometer

with approximately fifty solid resistance
discs Interleaved between metal discs.

The total number of discs can be
arranged In accordance with any resist-
ancerotation curve.

One or more Bradleyometers can be
arranged to °parole with one knob.
Mixer controls, T -pad and H.pad often- Type AAA, Triple
Caters and other complex controls can Bt.11.Y..."
be provided.

Allen-Bradley Co., 116 W. Greenfleld Ave., Milwaukee, Wisconsin

Bradleyunil Resistors
are made in five limo,
with or without leads, and
are color coded to meet
set manufacturers speck
fications. These solid
molded resistors are accts.
solely calibrated and have
great mechanical strength.

ALLEN -BRADLEY RESISTORS
Produced by the makers of Allen-Bradley Control Apparatus



WHEN YOU MEASURE COVERAGE
don't Forget percentage modulation

Field intensity data are basic in determining
coverage, but they aren't the whole story by any

means. Percentage modulation is almost as impor-

tant a factor influencing the power you can push

out of your listeners' loud speakers.

An increase in percentage modulation from 50%

to 100%, for example, increases the loud speaker

power by four times. Yet the radio field intensity

of the carrier remains the same.

So an increase in percentage modulation is worth

while IF you obtain that increase without over -

modulating or introducing other distortion. Louder

signals and better range are desirable, but distor-

tion is a big price to pay for them.

To get the most out of your transmitter you need

an instrument that will measure percentage modu-

lation accurately and show up distortion due to

asymmetrical modulation of the carrier. The Gen-

eral Radio Type 457-A Modulation Meter does

just that, and another instrument can be attached

to enable you to measure the over-all harmonic dis-

tortion in your transmitter. For accuracy, flexibility,

ease of handling, and reliability these instruments

are unsurpassed.

TYPE 457-A
Modulation Meter

Rack Mounting $110.00
Cabinet Mounting

$125.00

Let us tell you more about
our instruments for meas-
uring percentage modula-
tion and distortion. Ask
us to send you Bulletin
Ex -3103.

GENERAL RADIO COMPANY
MANUFACTURERS OF RADIO INSTRUMENTS

CAMBRIDGE, MASSACHUSETTS
GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONSIN


