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GENERAL INFORMATION

The PROCEEDINGS of the Institute is published monthly and contains papers and discussions

thereon gubmitted for publication or for presentation Pefore meetings of the Institute

or its Sections. Payment of the annual dues by a moember entitles him to one copy
of each number of the PROOEEDINGS igsued during the period of his membership.

Subseription rates to the PROOEEDINGS for the current year aro }'ecuived from non-members
at the rate of $1.00 per copy or $10.00 per year. To foreign countries the rates are

$1.10 per copy or $11.00 per year.

Back issues are available in unbound form for the years 1918, 1920, 1921, 1922, and 1926
at $9.00 per volumo (six issues) or $1.50 per gingle issue. For the years 1913, 1914,
1915, 1916, 1917, 1919, 1923, 1924, and 1925 miscellaneous copies (incomplete unbound

volumes) can be purchased for $1.50 each; for 1927, 1928, and 1929 at $1.00 each.

The Secretary of the Institute should be addressed for a list of these.

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

Bound volumes are available as follows: for the years 1922 and 1926 to members of the

Institute, libraries, booksellers, and subscription agencies at $8.75 per volume in blue

buckram binding and $10.25 in morocco leather binding; to all others the prices are
$11.00 and $12.50, respectively. For the year 1929 the bound volume prices are: to
members of the Institute, libraries, booksellers, and subscription agencies, $9.50 in blue
buckram binding; to all others, $12.00. Foreign postage on all bound volumes is one
dollar, and on single copies is ten cents.

The 1930 Year Book, containing general information, the Constitution and By-Laws, catalog of
membership, ete., is available to members at $1.00; te non-members, $1.50.

Contributors to the PROCEEDINGS are referred to the following page for suggestions as to

approved methods of preparing manuscripts for publication in the PROCEEDINGS.

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

Changes of address to affect a particular issue must bo received at the Imstitute office not

later than the 15th of the month preceding date of issue. That is, a change in mailing

address to be effective with the October issue of the PROCEEDINGS must be received
by not later than September 15th. Members of the Institute are requested to advise
the Seccretary of any change in their business connection or title irrespective of change
in thei; mailing address, for the purpose of keeping the Year Book membership catalog
up to date.

The right to reprint portions or abstracts of the papers, discussions, or editorial notes in the

PROCEEDINGS is granted on the express condition that specific reference shall be made to

the source of such material. Diagrams and photographs published in the PROCEEDINGS
may not be reproduced without making special arrangements with the Institute through
the Secretary.

It is 'unsiqrstoodv that the statements and opinions given in the PROCEEDINGS are views of the
individual plembers to whom they are credited, and are not binding on the membership
of the Institute as a whole.

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

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

Acceptance for 'mailing at special rate of postage provided for in the Act of February 28, 1925,
embodied in paragraph 4, Section 412, P. L. and R. Authorized October 26, 1927.

Published monthly by
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SUGGESTIONS FOR CONTRIBUTORS TO THE
“PROCEEDINGS”

Preparation of Paper

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

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

- the illustrations.

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

Abbreviations—Write a.c. and d.c. (a-c and d-¢ as adjectives), ke, uf. unf, e.m.f., mh, pgh
henries, abscissas, antennas. Refer to figures as Fig. 1, Figs. 3 and 4, and to equations
ag (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
a8 adequately as possible the major conclusions to a mon-specialist in the subject.
The summary should contain from 100 to 300 words, depending on the length of the paper.

Publication of Paper

Digposition—All manuscripts should be addressed to the Institute of Radio Engineers, 88 Woest
39th Street, New York City. They will be examined by the Committee on Meetings
and Papers and by the Editor. Authors are advised as promptly as possible of the
action taken, usually within one month.

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

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

President of the Institute, 1915

John Stone Stone, fourth president of the Institute, was born at Dover,
Virginia, in 1869. : )

After spending two years at ColumbiaUniversity and two additional years
at Johns Hopkins University, he joined the Research and Development Labora-
tory of the American Bell Telephone Company at Boston, Massachusetts, in
1890, continuing this connection until 1900. During that period he invented
the Stone common battery system and the carrier current system of trans-
mission over wires. Among other of his inventions at that period was the sys-
tem of uniformly loading telephone cables with inductance. He was a special
lecturer on electrical oscillations at the Massachusetts Institute of Technology
for a number of years during this period and later. )

From 1902 to 1908 he was director, vice president, and chief engineer of
the Stone Telephone and Telegraph Company, becoming president in 1908
to 1910. From 1910 to 1921 he practiced as a consulting electrical engineer
and expert in patent causes, then joining as an associate engineer at large,
the Department of Development and Research of the American Telephone and
Telegraph Company.

He has been granted a large number of patents for inventions relating to
improvements in telephony and telegraphy, both wire and radio.

He was awarded the Edward Longstreth Medal of the Franklin Institute
in 1913 and the Medal of Honor of the Institute of Radio Engineers in 1923.

He is a Fellow of the American Academy of Arts and Sciences, American
Association for the Advancement of Science, a member of the Franklin In-
stitute, American Electrochemical Society, American Institute of Electrical
Engineers, American Defense Society, and Academy of Political Science.

He was president of the Society of Wireless Telegraph Engineers, from
1906 to 1909. This organization together with the Wireless Institute became
the Institute of Radio Engineers in 1912. _
k. A member of the Board of Direction of the Institute from 1912 to 1917,
he became vice president for 1913 and 1914, and president during 1915. He was
made a’Fellow of the Institute in 1915,
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Associate Application form

For the benefit of members who desire to have available each
month an application form for Associate membership, there is printed
in the ProcEEDINGS a condensed Associate form. In this issue this
application will be found on page XXXIIT of the advertising section.

Application forms for the Member or Fellow grades may be ob-
tained upon application to the Institute office.

The Committee on Membership asks that members of the Insti-
tute bring the aims and activities of the Institute to the attention of
desirable ‘and eligible nonmembers. The condensed form in the ad-
vertising section of the PRocEEDINGS each month may be helpful.

Radio Signal Transmissions of Standard Frequency
July to December 1930

The following is a schedule of radio signals of standard frequencies
for use by the public in calibrating frequency standards and trans-
mitting and receiving apparatus as transmitted from station WWV
of the Bureau of Standards, Washington, D. C.

Further information regarding these schedules and how to utilize
the transmissions can be found on pages 10 and 11 of the January,
1930 issue of the ProcEEDINGS, and in the Bureau of Standards Letter
Circular No. 171, which may be obtained by applying to the Bureau
of Standards, Washington, D. C.

Eagtern Standard

Time Aug. 20 Sept. 22 Oct. 20 Nov. 20 Dec. 22
10:00 p.M. 4000 550 1600 4000 550
10:12 4400 800 1800 4400 600
10:24 4800 700 2000 4800 700
10:36 5200 800 2400 5200 800
10:48 5800 1000 2800 5800 1000
11:00 8400 1200 3200 8400 1200
11:12 7000 1400 3600 7000 1400
11:24 7600 1500 4000 7600 1500

Institute Meetings
JUNE MEETING

A joint meeting of the Institute and the Radio Manufacturers’
Association was held in Atlantic City June 3, 1930, during the con-
vention of the Radio Manufacturers’ Association, Dr. Lee delorest,

presiding.
1277
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The morning session was devoted to a general discussion on loud-
speaker testing methods and a considerable number of those present
contributed to it.

Three papers were presented during the afternoon session and are
as follows:

“Problems Involved in the Design and Use of Apparatus for Testing
of Radio Receivers,” by P. O. Farnham and A. W. Barber.

“Engineering Control of Radio-Receiver Production,” by Virgil M.
Graham and Benjamin Olney.

‘“Fssential Tests for Component Parts of Electric Radio Receivers”
by H. E. Kranz.

As the first two papers of the afternoon session are being published
in this issue, there is no need of their being abstracted here.

Approximately four hundred attended the meetings.

BUFFALO-NIAGARA SECTION

The May meeting of the Buffalo-Niagara Section was held on the
21st of the month at the University of Buffalo, L. Grant Hector,
chairman, presiding.

A paper by J. M. Thomson, radio engineer of the Ferranti
Electrical Company of Toronto, Ontario, Canada on “Output Trans-
former Design and Application,” was presented.

Twenty members and guests attended the meeting.

The June 26th meeting of the Buffalo-Niagara Section was held
at Edmund Hayes Hall of the University of Buffalo, I.. Grant Hector,
chairman, presiding.

E. J. T. Moore of the Stromberg-Carlson Telephone Manufacturing
Company, delivered a paper on “Laboratory Equipment Used for
Determining Characteristics of Broadcast Receivers.” Messrs. Burns,
Chamberlain, Hector, and Waud entered into the discussion.

At the annual election which was held, the following officers were
elected: A. B. Chamberlain, chairman; L. Shapiro, vice chairman;
and E. C. Waud, secretary-treasurer.

Twenty members and guests were in attendance.

Los ANGELEs SECTION

The Los Angeles Section held its meeting on the 19th of the month
at the Engineers Club, T. F. McDonough, acting chairman, presiding.
A paper by John K. Hilliard, chief transmission engineer of the
United Artists Studio Corporation presented a paper on “Problems
in Transmission Engineering as Applied to Sound Recording.” The
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paper covered the calculation of line pads, volume indicators, audio
amplifiers, gain controls, mixing units, and other apparatus used
in radio, audio systems, and sound recording.

The discussion which followed was participated in by Messrs.
Breeding, Fox, Silent, Willey and others.

One hundred and sixty-nine members and guests attended the
meeting.

PHILADELPHIA SECTION

At thke June 11th meeting of the Philadelphia Section, held in
the Hall of the Franklin Institute, presided over by R. L. Snyder,
William F. Diehl, division engineer in charge of testing at the RCA-
Victor Company plant in Camden, delivered a paper on “Radio Test
Methods and Equipment.” Many of the seventy-five members and
guests present entered into the general discussion which followed the
presentation of the paper.

Officers for the coming year were elected and are as follows:
W. R. G. Baker, chairman; C. D. Haigis, vice chairman; G. C.
Blackwood, secretary-treasurer.

PITTSBURGH SECTION

On May 20th a meeting of the Pittsburgh Section was held at
the Fort Pitt Hotel, vice chairman J. G. Allen, presiding.

A paper on “Construction of the Vacuum Tube and Recent De-
velopments of the A-C Pentode Tube” was delivered by F. S. Huddy
of the Ceco Manufacturing Company of Providence, R. I.

Discussion of the paper was entered into by Messrs. Allan,
Hitcheock, Mag, Roese, and Sunnergren.

Thirty-eight mwembers and friends attended the meeting.

SaN FrAaNCISCO SECTION

The April meeting of the San Francisco Section was held on the
28th of the month at the Engineers Club, Donald K. Lippincott, pre-
siding.

A paper on the “Design of High-Power Antennas by the Use of
Models” was delivered by C. H. Suydam.

A number of the forty-five members and guests att ending the meet-
ing participated in the discussion.

The May 28th meeting of the San Francisco Section was held in
the Telephone Auditorium, D. K. Lippincott, chairman, presiding.
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A paper by Howard I'. Mason, radio engineer on the Bryd
Antarctic Expedition on “Radio as an Issential to the Byrd Antarctic
Fixpedition” was presented.

One hundred and fifty-three members and guests were present.

A paper on “Electrical Discharge Through Gases at Low Pressure”
was presented by Herbert IE. Metcalf at the June 25th meeting of
the San Francisco Section held at the Engineers Club, D. K. Lippincott
and W. D. Kellogg, presiding.

The annual election of officers was also held and Walter D. Kellogg
was elected chairman; C. H. Suydam, vice chairman; and Paul R.
Fenner, secretary-treasurer.

Thirty-four members and guests attended the meeting.

SEATTLE SECTION

On May 23, a meeting of the Seattle Section was held in the
Engineering Hall, University of Washington, Austin V. Eastman,
presiding.

A paper by T. M. Libby on “The Action of Vacuum-Tube Modula-
tors and Detectors” was presented and, as part of the paper, the action
of vacuum-tube modulators and detectors was demonstrated. A
physical demonstration of the amplitudes of the several products
of modulation was given.

Eighty-seven members and guests attended the meeting.

Personal Mention

Howard IF. Mason until recently engineer-operator with the Byrd
Antarctic Expedition, has joined the Engineering Department of
Heintz and Kaufman, at San Francisco, Cal.

Erwin Aymar, formerly of the Engineering Department of the
Western Union Telegraph Company is now service engineer f01
Electrical Resistance Products, Inc., of New York City.

J. R. Bain is now a sound picture englneer in the Research Products
Engineering Department of the Northern Electric Company at Mon-
treal. He was formerly with the Canadian Westinghouse Company at
Hamilton.

J. H. Barron, Jr. has recently joined the engineering staff of the
Federal Radio Commission, leaving his former position as U. S. Radio
Inspector in the Radio Division at Washington, D. C.

I. Dale Ball has left the office of the Supervisor of Radio in Detroit
to become a junior radio inspector at the U. S. Constant Frequency
Monitoring Station at Grand Island, Nebr.

J. F. Church, formerly manager of the Radio Division of the Kodel
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Electric and Manufacturing Company at Cincinnati is now connected
with the Jensen Manufacturiug Company of Chicago.

J. M. Clayton, previously secrctary of the Institute of Radio
[ingineers, is now Manager of Operations of Heintz and Kaufmann at
San Francisco, Cal.

Flmer L. Brown is now engineer in the Special Equipment Division
of the RCA-Victor Company at Camden, having formerly been a
member of the Engineering Department of the Radio Corporation of
America at Camden.

Maurice Artzt has left the Radio Test Department of the General
Electric Company to join the Engineering Staff of the RCA-Victor
Company at Camden.

Previously chief engineer of Brunner ['ngineering Company of
New York, C. M. Norberg has joined the Flectrical Iingineering Staff
of Electrical Research Products, Inc.

Robert H. Noyes, formerly of the Naval Research Laboratory has
joined the Enginecering Staff of the U. 5. Army Signal C'orps at Wright
Field, Dayton, Ohio.

Donald K. Oram, previously general manager of Harold Herbert,
Inc., of New York City is now engineer for the Hammarlund Manu-
facturing Company.

L. M. Perkins has left the Delco Remy Corporation to become an
engineer for the General Motors Corporation of Dayvton, Ohio.

Albert R. Pettit has become an engineer in the Photophone and
Applications Division of the RCA-Victor Company at Camden.

John Poppleton of Cleethorpes, Iingland is now acting in a consult-
ing capacity as a radio engineer.

John A. Russ, formerly radio inspector at Detroit, Michigan
has become assistant radio inspector at the Monitoring Station at
Grand Island, Nebraska.

Harry Sadenwater is now sales engineer for the RCA-Victor Com-
pany at Camden, previously being connected with the technical opera-
tion of broadecast stations of the General Electric Company at
Schenectady, N. Y.

B. E. Shackelford, formerly head of the radio and illuminating
engineering department of the Westinghouse Lamp Company is now
chief engineer of RCA Radiotrons, Inc., of Harrison, N. J.

Saul I. Salter is now chief engineer of the Ergon Electric Corpora-
tion of Brooklyn, N. Y. previously being an engineer for the Gold Seal
Electric Company of Newark, N. J.

Oliver Smith has become district transmission engineer of the
Pacific Telephone and Telegraph Company at Spokane, Wash.

E. P. Schultz has joined the {Engineering Department of RCA
Photophone In¢. of New York City.




Proceedings of the Institule of Radio Ingineers
Volume 18, Number 8 August, 1930

PROPOSED STANDARD TESTS OF BROAD-
CAST RADIO RECEIVERS

Introduction

URING the past year and a half, the Committee on Standard-
D ization of the Institute of Radio Engineers, and the four T'echni-

cal Committees of the Committee on Standardization have been
busily engaged in bringing the past standardization reports of the
Institute up to date by adding new material and by making such altera-
tions in the past reports as have become desirable. The committees
have based their work principally upon the “Report of the Committee
on Standardization for 1928” as published in the 1929 Year Book of
the Institute of Radio Engineers.

The four Technical Committees, under the Committee on Stan-
dardization, have been engaged in the more technical and specialized
work of enlarging and modernizing the “Report of the Committee on
Standardization for 1928.” When necessary, subcommittees of the
Technical Committees have been appointed to work out even more
specialized definitions than are originated by the Technical Committees.
The work of the subcommittees and the Technical Committees has
been practically completed and their reports are being forwarded to the
Committee on Standardization for its approval, or revision if this is
necessary.

The Committee on Standardization is concerned with the matter
of correlating the reports of the Technical Committees to make sure
that the recommended definitions, nomenclature, and test methods will
not be duplicated in the various sections of the 1930 standardization
report; of making all definitions consistent in grammatical structure;
of securing comments, criticism, and suggestions concerning the reports
of the Technical Committees, and of recommending to the Board of
Direction of the Institute that its own report be adopted and published
as the “Report of the Committee on Standardization for 1930.”

There are forty-five members of the Committee on Standardization
of the Institute of Radio Engineers under the chairmanship of J. H.
Dellinger to whom the responsibility of working out a satisfactory
standardization report is delegated. The members of this Committee
are scattered throughout the United States, Canada, FEngland, Ger-
many, France, Japan, and Italy.

The following report of the “Proposed Standard Tests of Broadcast
Radio Receivers” by the Technical Committee on Radio Receivers and
its subcommittees is being circulated for comment and criticism before
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being brought before the Committee on Standardization. Comments,
criticisms, and suggestions from members of the Institute concerning
this report will be appreciated so that any new or important ideas on
the subject may be considered by the Committee on Standardization.
Communications should be addressed to the Secretary, Committee on
Standardization, Institute of Radio Engineers, 33 West 39th St., New
York City.

I. General

The purpose of the standard tests here proposed is to provide by
general agreement a basis uponwhich the complete normal performance
of any broadcast radio receiver may be reasonably predicted. It is
believed that no simple “figure of merit” can properly be derived that
will by itself give an index of complete performance. This follows from
the varying weights that may be applied at different times and in
different services, to the fundamental properties of Sensitivity, Selecti-
vity, and Fidelity. Consequently it is believed to be essential to define
and to provide for the separate measurement of each of these funda-
mental properties. Such information is of somewhat too highly tech-
nical nature to appeal directly to the average user of broadcast radio
receivers, but is thought to be useful to radio distributors and dealers
in guiding their selection of apparatus for specific service conditions,
and to engineers and manufacturers in aiding the comparison and
improvement of their products.

It is recognized that the tests do not comprehend the entire range
of service conditions that may be met in practice, and that peculiarities
of design not reflected in the test data may in special cases affect the
deductions to be made properly from the test results. It is also recog-
nized that the three basic properties of Sensitivity, Selectivity, and
Fidelity are in some radio receivers dependent upon adjustments that
will change the relative prominence of each, and consequently the
three factors should be invariably measured at the same settings of the
radio receiver adjustments. Nevertheless, it is thought that acceptance
of the procedure outlined, together with proper interpretation and
correlation of the results obtained by the tests, will serve to permit a
standard comparison of normal radio receiver performance.

II. Definition of Terms

A. Sensitivity—Sensitivity is that property of a radio receiver which
enables it to respond to a small input voltage of the frequency to which
it is tuned. It is measured quantitatively in terms of the input voltage
required to give a standard output.
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B. Selectivity—Selectivity is that property of a radio receiver which
enables it to differentiate between the desired signal and signals of other
carrier frequencies. This characteristic is not expressible by a single
numerical value, but requires one or more graphs for its expression.

C. Fidelity.—TFidelity is that property of a system, or a portion of a
system, which enables it to reproduce accurately at its output the
signal which is impressed upon it. As applied to a radio receiver, fi-
delity is measured by the accuracy of reproduction at the output ter-
minals of the modulation of the received wave.

D. Normal Test Output—As applied to the testing of a broadcast radio
receiver, the term represents an audio-frequency power of 0.05 watt in
a noninductive resistor arranged to carry alternating current only and
connected across the output terminals of the radio receiver (usually the
loud-speaker terminals), the resistance of the resistor having been
adjusted to that value recommended by the tube manufacturer to give
maximum undistorted output power for the type of vacuum tube in-
tended to be used in the output of the radio receiver, with normal
adjustments of this vacuum tube. If the radio receiver is not arranged
to filter out direct current from its output circuit, then an external
filter system shall be employed, of such character as to introduce negli-
gible resistance to direct current, to have negligible loss and to have
negligible shunt admittance and negligible series impedance relative
to the output resistor.

E. Normal Radio Input Voltage—As applied to the testing of a broad-
cast radio receiver, this term represents the r.m.s. voltage of a received
signal, modulated 30 per cent at 400 cycles per sec., which results in
Normal Test Output (definition D, section II) at resonance. If the
radio receiver does not include a self-contained antenna, then the
signal is to be impressed on a real or artificial Standard Antenna* (see
definition F, section II).

For data on various methods of measuring the percentage modula-
tion, the reader is referred to “The use of the electron tube peak volt-
meter for the measurement of modulation” by C. B. Jolliffe, Proc.
I.R.E., 17, 660-669; April, 1929. The method described in this article
has much to recommend it from the point of view of simplicity, and
with proper care the method is sufficiently accurate and reliable for
general use. The method involves calculation of the percentage modu-
lation from measured values of the peak voltage of the radio-frequency

* Experience has indicated that with some radio receivers, an artificial

antenna adversely affects the stability. In such cases it is necessary to employ a
real antenna. S
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oscillator output under modulated and unmodulated conditions. The
voltage measurements are made with a vacuum-tube peak voltmeter.
The paper indicates that this method is capable of giving results ac-
curate to within about 5 per cent. For use in calibrating the percentage
modulation of a radio-frequency oscillator for radio receiver measure-
ment work, however, this accuracy is generally sufficient.

F. Standard Antenna. (Real or Artificial)—As applied to the testing
of a broadecast radio receiver not having a self-contained antenna, this
term represents an artificial antenna having in series a capacity of
200 wpuf, a self-inductance of 20 xh, and a resistance of 25 ohms.

G. Standard Test Frequencies.—In the testing of a broadcast radio
receiver, the five standard carrier frequencies are 600, 800, 1000, 1200,
and 1400 kc per sec. When tests are required at only three carrier
frequencies, the values 600, 1000, and 1400 kc per sec. are recom-
mended.

R-F AMMETER
OR

VOLTMETER

AUDIO= RADIO- SV NEEEE LOCAL S OUTPUT HARMONIC
FREQUENCY {—| FREQUENCY [ TR0 L—{ ANTENNA | — MEASURING |— MEASURING
SOURCE SOURCE CIRCUIT CIRCUIT RECEIVER CIRCUIT CIRCUIT
PERCENTAGE
MODULATION
INDICATOR

Fig. 1—Schematic arrangement of apparatus used in tests of radio receivers.

ITI. Requirements and Characteristics of Testing Apparatus

The apparatus employed in testing radio receivers should be as
simple as is consistent with accurate performance of the necessary
functions. As far as possible, the same apparatus should be used in the
different tests. The values of the electrical quantities and the calibra-
tions should not change with time, or if some change is unavoidable,
means for checking should be provided.

The required apparatus for Tests of Sensitivity, Selectivity, and
Fidelity, is indicated schematically in Fig. 1. Both frequency sources
should be calibrated so that separate measurement of frequency is not
needed. The requirements of the separate elements are stated in the
following paragraphs.

A. Audio-Frequency Source.

For Sensitivity and Selectivity Tests this may be a mechanical
oscillator of fixed frequency (400 cycles per sec.), but a vacuum tube
oscillator having a frequency range at least from 40 to 10,000 cycles
per sec. is preferred and for the Fidelity Test is necessary. The total
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harmonic content in the output of this oscillator should not exceed
5 per cent. The audio-frequency oscillator is arranged to modulate the
radio-frequency oscillator by a known amount and preferably should
furnish the same degree of modulation without readjustment at all
carrier frequencies and all modulation frequencies. Means should be
provided for adjusting the degree of modulation for at least the normal
value of 30 per cent.

B. Radio-Frequency Source.

This consists of a vacuum tube oscillator supplied preferably from
batterics, either fully shielded in itself or so shielded from the radio
receiver under test that there is no direct radiation to the receiver. If
the power supply is external to the shielding system which encloses
the oscillator all ungrounded leads to the oscillator should pass through
shielded low-pass filters. The frequency should be adjustable by an
external control to any desired value between 500 and 1500 ke per
sec., and the frequency should not be affected by changes in output
power. Means should be provided for varying the frequency in small
steps immediately on each side of any specified frequency. A second
external control should be provided for varying the modulated radio-
{requency output supplied to the transfer circuit, and an instrument
should be provided which indicates the effective value of this output.
The oscillator in conjunction with the transfer system used (see part
C below) should be capable of supplying in series with the receiving
antenna system at least 200,000 pv at all carrier frequencies.

C. Transfer Circuit.

The radio receiver under test is provided with a local antenna cir-
cuit consisting of either a loop antenna (which may be self-contained)
or an artificial antenna. In determining the significant characteristics,
as outlined in the preceding sections, modulated radio-frequency volt-
ages of known value are impressed in the local antenna circuit through
the transfer circuit which should assume one of two forms as follows:

1. A coupling coil fed from the radio source and mounted in induc-
tive relation with the loop antenna or with the 20-uh inductance coil
of the artificial antenna. In the latter case the coupling coil is used as
the primary of a calibrated mutual inductor, the secondary of which is
the 20-uh coil.

2. A calibrated attenuator of the resistance type terminating in a
low impedance of known value (usually a resistance of about one ohm)
which may be inserted in series with the artificial or loop antenna.
This attenuator should be so constructed that all attenuation ratios
are substantially independent of frequency within the broadcast band.
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It is preferably made variable in steps with additional provision for
continuous variation between the steps. As an alternative to continu-
ous variation within the attenuation network, provision may be made
for continuously varying the measured current or voltage supplied
from the source to the attenuator over a sufficient range to coverall
values of receiver input voltage which lie between the steps of the
attenuator. Design details of attenuators fulfilling these requirements
are available in the literature. The combined range of ratios on the
attenuator and variable currents from the source should be such as to
 allow a range of voltage across the terminal unit which feeds the re-
ceiving set of 1 uv to 200,000 uv.

D. Output Measuring Circuit.

The components of the output measuring circuit should be as
follows:

1. A noninductive load resistor adjustable to any desired value
between 1 and 20,000 ohms and capable of dissipating 10 watts at any
setting.

2. An output filter to be used with radio receivers normally having
direct current in their outputs. This filter should fulfill the require-
ments given under definition D, section II, and a recommended form
consists of an inductance of not less than 100 h (with 50 ma direct cur-
rent in the winding) and a capacitance of not less than 8 uf arranged
as shown in Fig. 5.

3. A vacuum-tube voltmeter or an equivalent device which will
accurately measure the r.m.s. values of output voltage. At Normal
Test Output the voltage is of the order of from 10 to 20 volts for
ordinary output vacuum tubes. For the Sensitivity and Selectivity
Tests the output meter need be calibrated only at these values. For
the Fidelity Test continuous calibration is required, and for Overload
Level Test calibration for much higher values is needed.

IV. Test Procedures
A. Preliminary.

The present-day radio receivers vary so greatly in their manner of
operation that it is difficult to set down a single test procedure for each
fundamental characteristic and have the procedure include all the
allowances that should be made for the peculiarities of different sets.
It is simpler to describe in general the test set-ups and adjustments of
input and output; the operating conditions; and the radio receiver
adjustments as applied to any type of receiver. Then standard pro-
cedures for measuring Sensitivity, Selectivity, and Fidelity, can be
outlined.
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B. Input Measurements.
1. Rapio Rucrrver WirHour A SELF-CONTAINED ANTENNA

Standard input circuits are shown in I'igs. 2 and 3. Either circuit
may be used depending on whether an impedance device or a mutual
inductance (see section III) is used to attenuate and introduce the
radio-frequency voltage in the artificial antenna circuit.

The mutual inductor is used as shown in Fig. 2. The input to the
receiving set is controlled by adjustment of either the coupling be-

G bt (155
R C
— —-CANT.
MODULATED RADIO
R-F
\Y
OSCILLATOR RECEI/ER
=! OGND.

Artificial antenna
T,=20 xh

C =200 puf

R =25 ohms

Fig. 2—Standard input circuit—mutual inductive coupling.

tween coils L; and L, or the current through L,. The value of radio-
frequency voltage impressed on the artificial antenna is determined

)ﬁ. ) R LCH

- —OANT.
MODULATED % RADIO
R-F i |ATTENUATOR| 2Z RECEIVER
OSCILLATOR @’D;
! 5 J:— GND.
Artificial antenna
L =20 ph
C =200 puf
R+ Resistance component
of L =25 ohms

Z = Coupling Impedance
Fig. 3—Standard input circuit—impedance coupling.

from the formula,
E =27 fMI (1)
where
E is the radio-frequency input voltage in microvolts
f is the carrier frequency in kilocycles per sec.
M is the mutual inductance between L, and L, in millihenries
I is the current through L, in microamperes.

The circuit for use with an impedance coupling device is shown in
Fig. 3. The voltage impressed in series with the artificial antenna is
brought to the desired value by selecting the proper degree of attenua-
tion and accurately adjusting either the current or the voltage input to
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the attenuator. The value of Z should be small compared with that of
| the circuit to be connected to it. If the attenuator is calibrated in terms
of current, the radio-frequency voltage impressed on the artificial an-
j tenna may be expressed as I o @
where
* E is the radio-frequency input voltage in microvolts
K is the attenuation factor
Z is the impedance of the coupling device in ohms
I is the measured value of current fed to the attenuator in
microamperes.

o

MODULATED
R-F
OSCILLATOR

Od

Fig. 4—Radio receiver with loop antenna.

If the attenuator is calibrated in terms of voltage and includes the
impedance Z, then
E =KV (3)
where
E is the radio-frequency input voltage in microvolts
K is the attenuation factor

V is the measured input voltage in microvolts.

2. Rapio RECEIVER WITH A LoOP ANTENNA

There are two methods by which such receivers may be measured.
The first method consists of inducing a known voltage in the loop
antenna, while the second method introduces the_known voltage in
series with loop antenna.

a. For the first of these methods an arrangement of apparatus as

shown in Fig. 4 is suggested. The voltage induced in the loop antenna
is

E =¢&6Q (4)

where

E is the voltage induced in the loop antenna in microvolts

¢'is the field strength in microvolts per meter at the loop an-
tenna

@Q is the effective height of the loop antenna.
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The values of < and Q may be calculated as follows:

18850N A% =
= COS
(4* + X" (5)

Z
2

where
N, is the number of turns in the coupling coil L
A is the radius of the coupling coil in centimeters
I is the ammeter reading in microamperes
X is the distance in centimeters between the center of the
coupling coil and the center of the loop antenna
B is the angle, if any, between the axis of the loop antenna
and the line between the coil centers
and
= 2N,h sin ——fs (6)
: 7 300,000
where
N, is the number of turns in the loop antenna
h is the height of the loop antenna in meters
s is the length of the loop in meters
f is the frequency in kilocycles per second.

The induced voltage in the loop antenna may be adjusted by varying
the distance X and the current through the coil L. The distance X
should always be large as compared with the dimensions of the loop
antenna. The axis of the coupling coil L should always pass through
the center of the loop antenna. Equation (6) applies only to rectan-
gular loogs.

b. In the second method of test, the radio-frequency voltage may
be introduced in the loop antenna by inserting the terminal impedance
of a resistance type attenuator in series with the loop at a point of
ground potential in a manner similar to that shown for an artificial
antenna in Fig. 3. In this case the loop takes the place of the artificial
antenna and the radio-frequency voltage is measured across the
impedance which should be kept low in comparison with the impedance
of the loop.

C. Output Measurements.
1. Rapio Recerver witH DirecT CURRENT IN ITS OUTPUT

If the radio receiver is not equipped to filter direct current from its
output, the circuit which should be used in making output measure-
ments is shown in Fig. 5. The specifications for the components of the
above circuit are given in section III.

The value for R is dependent on the operating conditions of the
output tubes used in the radio receiver. Its value is arbitrarily taken
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\(from the specifications of the tube manufacturer) as that resistance
which gives the maximum undistorted power output under the given
operating conditions.

In the case of a radio receiver having an output transformer, the
load resistance Ry, to be used across the output terminals is taken as the
‘transferred value of the resistance R as specified above. That is,

R

Ry = o (7)

where

R is the load resistance actually connected across the output
terminals

R is the load resistance recommended by the manufacturer for
maximum undistorted output. (In the case of push-pull
operation, this value is the sum of the resistances for the
individual tubes.)

A is the transformer ratio of the total primary-to-secondary
turns. The voltage across R for Normal Test Output is

V = +/0.05R.
e 4 _
o- 5 o
RADIO OUTPUT
RECEIVER L R | VOLTMETER
o
o -—3 -0

Fig. 5—Radio receiver with direct current in its output.

9. Rapio RECEIVER wiTH NO DIRECT CURRENT IN OUTPUT

If the radio receiver has a device eliminating direct current from its

. output, (referring to the cireuit of Fig. 5) L and C are removed and the

. points ¢ and b connected directly to the output terminals of the re-
ceiver. '

3. Rapio RECEIVER WITH EXTRANEOUS VOLTAGES IN THE OUTPUT

The voltages due to a-¢c hum, tube noises, etc., that may exist across
the output of some radio receivers must be considered where the output
voltage to be measured is small. For example, if these voltages are
comparable with the Normal Test Output Voltage, let the voltage
across the resistor & for Normal Test Output be,

Vi=VZ+ VI (8)
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where
V', is the r.m.s. voltage due to extraneous effects
Vs is the value for Normal Test Output Voltage which gives
0.05 watt power in I.
In any case, if the extraneous voltage is appreciable, the measured
voltage across R (see Fig. 5.) should be considered as the vector sum -
of the extraneous voltage and that due to the desired signal.

D. Operating Conditions.

1. BaTTERY OPERATED RADIO RECEIVERS

The “A” and “B” battery voltages supplied to the radio receiver
should be held constant at the values specified for the receiver. If a
battery cable is not furnished with the receiver, the leads to the bat-
teries should be as short as possible. The batteries used should be in
good condition.

2. SOoCKET-POWERED AND ELECTRIC RADIO RECEIVERS

The a-c or d-c voltage input to the radio receiver should be held
constant at the value specified for the set or at 115 volts. If the re-
ceiver is provided with adjustments for reducing hum or ripple in the
output, such adjustments should be made.

3. TuBEs

The tubes used should have characteristics which represent the
arithmetical mean value as regards filament emission, plate current,
plate resistance, amplification factor, and mutual conductance for that
type of tube.

E. Radio Receiver Adjustment.

1. GENERAL

The Test Frequency adjustment is normally obtained by adjusting
all the external tuning and volume controls, with which a radio receiver
is equipped, until maximum response is had at its output for a given
signal impressed on its input.

2. REGENERATIVE RADIO RECEIVERS

All tests should be made for each of the following conditions:

a. With the radio receiver adjusted as in part 1 without causing
oscillation at radio or audio frequencies to ocecur within the receiver.

b. With the receiver adjusted as in part 1 with the minimum of
regeneration that can be obtained by adjustment of the external con-
trols only.
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3. StaBILIZED RADIO RECEIVERS

If a radio receiver is provided with external stabilization controls
that are to be used in the normal operation of the receiver, it should be
tested as a regenerative receiver. No other modifications of the general
| instructions of part 1 are necessary for the testing of stabilized radio

| receivers.

4. SuPER-HETERODYNE RADIO RECEIVERS

If a super-heterodyne radio receiver has a separate control of its
oscillator frequency all tests should be made with the oscillator ad-
justed to the higher frequency above the signal, unless the instructions
accompanying the receiver specify other conditions for operation.
Selectivity tests should include the response at the lower frequency.
In making selectivity tests the radio-frequency oscillator should be
moved over twice the intermediate frequency. If this falls outside the
broadcast band it should not be ignored. Otherwise, tests are to be in
accordance with part 1.

F. Sensitivity and Tuning Range Tests.

1. SensiTIVITY TEST

The sensitivity is determined by impressing a radio-frequency
voltage, with 400 cycles, 30 per cent modulation, in series with a stand-
ard antenna (definition F, section II), or by inducing a known radio-
frequency voltage in the self-contained antenna, if the radio receiver is
so provided, and adjusting the intensity of the input voltage until
Normal Test Output is had under conditions stated in D and E, section.
I1, for carrier frequencies between 550 and 1500 ke per sec.

A graph is plotted with Normal Radio Input Voltage as ordinates
and carrier frequency as abscissas. A uniform scale should be used for
the abscissas and either a uniform or logarithmic scale may be used
for ordinates.

2. TuNning RANGE TEsT

In conjunction with the Sensitivity Test it is convenient to make a
test of the tuning range of the radio receiver. Using the same test
conditions as for the Sensitivity Test, the radio receiver tuning adjust-
ment should be set for the lowest carrier frequency it is capable of
receiving under normal operation. The radio-frequency oscillator is
then adjusted in frequency until it is at that frequency which gives
maximum output in the output meter. The output signal used should
be approximately Normal Test Output, to avoid inaccuracies due to
over-loading. The radio-frequency setting of the oscillator is then
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recorded as the lower frequency limit of the tuning range. If the radio-
frequency oscillator is incapable of reaching the low-frequency limit of
the receiver, the oscillator should be set at its minimum frequency and
the receiver tuned to it. The dial scale reading of the radio receiver is
then recorded for that frequency. The process is then repeated at the
high-frequency limit of the range. The maximum and minimum fre- .
quency settings of the tuning control will generally correspond to the
maximum and minimum dial scale markings. If they do not, the dial
settings corresponding to the limit frequency settings should be re-
corded.

If a calibration of dial setting versus carrier frequency is desired,
it can be obtained by adding to the limit values, a set of readings of the
dial settings for each of the Standard Test Frequencies used in the Sen-
sitivity Test. The dial calibration is plotted in the form of a graph with
carrier frequency as abscissas and dial setting as ordinates, both to a
linear scale.

G. Selectivity Test.

The selectivity is determined by tuning the radio receiver to each
Standard Test Frequency (definition G, section II) in succession, with
the receiver in the same condition as in the Sensitivity Test, and meas-
uring the radio-frequency input voltage necessary to give Normal Test
Output at a series of carrier frequencies in steps not greater than 10 ke -
per sec. at least up to 100 ke per sec. on either side of resonance, or
until the radio input voltage has increased to at least 1000 times its
value at resonance (and preferably 10,000 times or more if the measur-
ing equipment permits).

The conditions of modulation of the radio-frequency oscillator are
to be the same as given under the definition for Normal Radio Input
Voltage (definition E, section II). For each Standard Test Frequency
a graph is plotted with carrier frequency as abscissas and the ratio of
input off resonance to the input at resonance, as ordinates. The scale
of ordinates should be logarithmic and the most accurate representation
is secured by plotting the graphs for selectivity with separate enlarged
frequency scales, which should be uniform and alike.

On some receivers the volume control setting has an effect on the
selectivity, and this fact should be considered when making this test.
(See, Effect of Volume Control on Selectivity, section V, for outline of
test for this performance characteristic.)

H. Fidelity Test.

This is determined by tuning the radio receiver to each Standard
Test Frequency (definition G, section II) in succession, with the re-
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ceiver in the same condition as in the Sensitivity and Selectivity Tests,
adjusting the impressed voltage to the Normal Radio Input Voltage,
(definition E, section II) and then varying the modulation frequency
from 40 to 10,000 cycles per sec. at 30 per cent modulation and constant
radio-frequency input voltage throughout, taking readings of relative
output voltage at convenient modulation frequencies. For each
Standard Test Frequency, a graph is plotted with modulation fre-
quency as abscissa, and as ordinate, the ratio of the output voltage at
the modulation frequency of measurement to the output voltage at the
modulation frequency of 400 cycles per sec. A logarithmic scale should
be used for the abscissas and a uniform scale for the ordinates.

Tt is often useful to make Fidelity Tests at output levels higher than
Normal Test Output. The output levels to be used are left to the dis-
cretion of the test engineer and should be stated in the results.

Certain types of volume controls have an effect upon the fidelity of
the receiver and this fact should be considered when making this test.
(See Effect of Volume Control on Fidelity, part B, section V, for outline
of test for this characteristic.)

V. Additional Tests

The tests outlined in this section are to beregarded as tentative only.
They are included for the purpose of bringing before the industry the
need for tests of certain other factors of performance, in addition to
major radio receiver tests which have been outlined in the preceding
sections.

In some of the following tests, limits have been set in a somewhat
arbitrary manner for the purpose of providing a basis for experimenta-
tion and further development. After some general experience has been
had in making these additional tests, it is intended that definite stand-
ards for procedure in investigating these factors of radio receiver
performance shall be drawn up. The Committee will be greatly assisted
to this end if those laboratories finding a use for such tests will try out
the methods outlined, and send in their comments and criticisms.

The tests which have appeared necessary thus far under this head-
ing include:

A. Tests of radio receivers at high output levels.*
B. Tests for volume controls of radio receivers.
(!. Tests for hum produced in radio receivers.

* In the opinion of the Committee, tests at high output levels are considered
worthy of a place among the preceding standard tests, but it ig felt that there
has not been sufficient experience with this test by various laboratories to warrant
the setting up of a definite standard test for this characteristic of radio receivers.
The following paragraphs on “Tests at High Output Levels” are therefore placed
in the section on “Additional Tests,” pending the collection of further data. It is
expected that the material will be revised in further editions of this report.
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A. Tests of Radio Receivers at High Output Levels.
1. OVERLOADING oF RApI0 RECEIVERS

1t is conceded that the effect of distortion on the human ear is
highly variable, and dependent upon many conditions which cannot be
specified in any manner which shall be standard practice for any length
of time. There is a basis on which overloading can be defined from the
technical viewpoint, however, that may be used for the purpose of
comparing radio receivers with respect to this factor of performance. A
radio receiver can be said to be overloaded when distortion is mani-
fested in the output, i.e., when the electrical output differs in wave
form from the electrical input by a specified amount. The output of
the radio receiver should be tested for the introduction of spurious
frequencies, that is, those not present in the input.

The test apparatus will be that used for the Fidelity Test, except
that a harmonic measuring instrument is to be connected across the
standard output load, and this instrument so chosen as to constants,
that it exerts negligible effect on the load eircuit. For this purpose the
instrument described in “The alternating current bridge as a har-
monic analyzer”* is recommended.

The radio-frequency input (with modulation adjusted to 30 per cent
at 400 cyecles) is to be increased in steps until a value is reached which
causes the output voltage to contain 10 per cent of total harmonics.

When this input value has been reached, the output voltage is to be
measured (as in Fidelity Test) and the power in the output circuit
calculated. The overload level of the radio receiver shall then be
considered to be that value of power output.

2. OvErLOAD CURVES

Curves showing the radio-frequency input in microvolts as abscis-
sas, and the corresponding audio-frequency output in watts, as or-
dinates, furnish valuable data on the overloading of a radio receiver,
especially if taken at lower percentage of modulation, as well as at
30 per cent. The same arrangement of apparatus can be used as in
measuring the overload level. Observations at 30 and 10 per cent
modulation at 400 cycles are usually sufficient, although other values
may be used at the discretion of the test engineer. It is suggested that
the test be made at 1000 ke although other Test Frequencies may be
used if desired. The radio frequency and percentage modulation should
be designated on each curve. Logarithmic scales should be used for
both ordinates and abscissas.

* Irving Wolff, “Alternating current bridge as a harmonic analyzer” Jour.
Opt. Soc. Am. and Rev. of Scr. Inst., 15, No. 3, 163-170; September 1927.

R A e e
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3. SENsITIVITY AT MaxiMum UNDISTORTED PoWER OUTPUT

In view of the output power capabilities of present-day broadcast
receivers, it is felt desirable to have a test for sensitivity at an output
power greater than the Normal Test Output. For this purpose it is
suggested that the input radio-frequency voltage necessary to produce
maximum undistorted output in the load resistor be determined. The
value of output may be determined as described in the preceding sec-
tion on Overloading of Radio Receivers, or if it is not desired to make
this test, that value may be used which is given by the tube manufac-
turer for the particular output tube and voltage conditions in the re-
ceiver. It is realized that this output may not be the maximum
undistorted output as defined in part 1 above, but it is felt that some
useful information will, nevertheless, be obtained by such a test.

The data obtainable from these measurements should be plotted
in the same form as for sensitivity measurements except that the
ordinate values should be the radio-frequency input voltages for maxi-
mum undistorted output instead of the normal radio-frequency input
voltages, and the power output obtained should be noted on the graph
sheet.

In cases where the power output varies for the different carrier
frequencies, note of this should also be made.

B. Volume Control Tests of Radio Receivers.

Briefly, the most important of these are:
1. Tests of the effect of the volume control on the sensitivity, selec-
tivity, and fidelity of the radio receiver.

2. Tests of the effect of the radio-frequency field to which the radio
receiver is exposed (input signal not subject to the volume control ad-
justment).

1. TesTs oF THE EFFECT OF THE VOLUME CONTROL ON THE
SENSITIVITY, SELECTIVITY, AND FIDELITY
or THE Rap1io RECEIVER

a. Effect of Volume Control on Sensitivity.

The radio input voltage required to produce Normal Test Qutput
should be measured at various volume control settings. These can he
plotted in the form of a graph using percentage of maximum setting
of volume control as abscissa, and Normal Radio Input Voltage in
microvolts as ordinate. This graph can be plotted on the same type
of paper used for selectivity graphs with the logarithmic axis as ordi-
nate. The graph should be taken all the way to the minimum end of
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the volume control unless this ig impossible with the equipment avail-
able. In the latter case the graph should be taken to a radio-frequency
input of at least 200,000 wv. This graph can be taken at any one or
more of the Standard Test Frequency settings desired, and enough
points should be taken to show the graph shape accurately.

b. Effect of Volume Control on Selectivity.

In addition to the usual inverse resonance graphs, a selectivity
graph should be taken with a radio-frequency input at resonance of
5000 wv. This signal is to be reduced by means of the volume control
until it gives Normal Test Output at the receiver output. One or more
such selectivity graphs should be taken at reduced volume control as
required in the opinion of the test engineer, and in cases of apparent
erratic behavior of the volume control, graphs may be taken at higher
values of radio-frequency input voltage.

¢. Effect of Volume Control on Fidelity.

In addition to the usual Fidelity graphs, one should be taken with
a radio-frequency input of 50,000 wv, with the radio receiver output
reduced by means of the volume control to give Normal Test Output
at 400 cycles. Such curves should be taken at 600 and 1400 ke, and
at other standard test carrier frequencies if thought desirable.

d. Test of Automatic Volume Control Characteristics.

Curves of audio-frequency output against radio-frequency input
voltages, modulated 30 per cent at 400 cycles, are taken for several
settings of the manual volume control. The radio-frequency input
voltages should be varied over a range of at least 100 to 1. The audio-
frequency output voltages or currents are plotted as ordinates and
~ the radio-frequency input voltages as abscissas. Logarithmic scales
should be used for both ordinates and abscissas.

2. TEsTS OF THE EFFECT OF THE RADIO-FREQUENCY FIELD
To WaIcH THE RAap1o RECEIVER 18 ExprosED (INPUT
SieNaL Nor SUBJECT TO THE VOLUME-
CONTROL ADJUSTMENT)

It is intended that this test evaluate the pickup by the radio
receiver circuit, of radio-frequency fields through unshielded or
poorly shielded coils or wires within the radio receiver, and through the
power line in the case of radio receivers deriving part or all of their
power supply from that source, under conditions where the volume
control is set at minimum. Such a test appears desirable, but the
Committee knows of no satisfactory way of making such a test quanti-
tatively at the present time, and recommends that the various labora-
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tories keep in mind the need for such a test. If a method is later
developed which permits results of a useful quantitative nature to be
obtained, it is requested that this be brought to the attention of the

Technical Committee on Radio Receivers. :

C. Test for Hum Produced in Radio Receivers.

Radio receivers of the type which derive their power from an a-c
supply generally produce in the output circuit a certain amount of
audio-frequency voltage composed of a combination of various har-
monics of the a-c supply frequency and occasionally containing the
fundamental. This voltage is commonly called the a-c hum voltage,
and this section is intended to outline certain tests for evaluating it.

A measure of the r.m.s. hum voltage across the output terminals of
the radio receiver is not an indication of its quantitative effect on the
ear, since the audio response characteristics of audio-frequency ampli-
fiers and loud speakers, and of the human ear, cause the higher
harmonics of the a-¢ power supply to result in more sound response
from the loud speaker than do the lower harmonics or the fundamental.
Therefore it is desirable to evaluate the various harmonic components
of the hum voltage in order to obtain a useful conception of the degree
of unpleasantness which the hum from a particular radio receiver will
create. A simple way of doing this would be to construct a filter net-
work having an attenuation characteristic which would take account
of the dropping off in loud speaker response and ear response below
1500 cycles. (It is felt that frequencies above 1500 cycles can be dis-
regarded in the hum measurement.) This network should be con-
nected between the radio receiver output and the output voltmeter.
If the voltmeter is calibrated in r.m.s. volts it will then measure the
square root of the sum of the squares of the various hum harmonic
voltages, each harmonic being attenuated to a percentage of its actual
value corresponding to its importance from the point of view of the
loud speaker and ear response characteristics. Thus, a single voltage
measurement is made to give a measure of the degree of unpleasantness
which the hum from a particular radio receiver would create with an
average loud speaker. From this voltage measurement and the value
of the radio receiver output resistance the hum power should be calcu-
lated.

While the ear characteristic is fairly well known, the preparation of
a network which would include the response characteristic of an
average loud speaker would, of course, necessitate the measurement of
all the loud speakers upon the market at the present time and for some
time past. It would also require the use of sound measuring equip-
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ment and measurement conditions whose absolute accuracy has been
proved. These requirements are impossible of complete realization at
the present time, but it is felt that some valuable experience in the
field of hum measurement can be obtained by the adoption of an arbi-
trary network, having characteristics which appear, in light of present
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Fig. 6—Possible attenuation characteristic of arbitrary
network for use in hum measurement.

[
S

knowledge, to be of the general order of magnitude of the frequency
attenuation factors involved, and to approximate an average loud-
speaker characteristic. A possible attenuation characteristic for such
a network is shown in Fig. 6, and a network having approximately this
characteristic is shown in Fig. 7.
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Fig. 7—Network intended to approximate an average loud-speaker characteristic.

It should be emphasized that the graph of Fig. 6 is not intended to
include an accurate representation of an average loud speaker fre-
quency response characteristic. The network characteristic is only
tentative, and has been prepared as a guide for those desiring to make
investigations in the field of hum measurement.

Other conditions which must be considered in connection with the
measurement of hum from a radio receiver are:
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1. Use of an a-c power supply having known and definitely limited
harmonic characteristics.

2. Adjustment of any devices provided on the receiver for hum
regulation, such as filament mid-tap potentiometers, for minimum
hum.

In connection with condition 1 above, it is suggested that use be
made of the differential distortion factor circuit, which has been used
in the past in the electrical art in evaluating the harmonic content of

G
\ W
THERMAL
A-C POWER AMMETER
LINE

el

Fig. 8—Differential distortion factor circuit.

a-c power supplies. The circuit is shown in Fig. 8. The constants of the
circuit are governed by the relation

1

R :?z?f_(} (9)

_where f is the fundamental frequency of the a-c line. The value of I
can be chosen to suit the particular thermocouple meter available.
The resistance of the thermocouple should be, of course, small com-
pared with R.

The differential distortion factor is then given by the following
relation

1.d & 10
el I (10)
where I, is current through the condenser and I, is current through the
resistor.

It is recommended tentatively, in making measurements of hum on
a-¢ radio receivers, that the power supply have a differential distortion
factor not greater than 1.05.

It should be noted that in some radio receivers, more hum will be
produced when a carrier.is tuned in. On this account it is necessary to
measure the hum under two conditions of the radio receiver unless only
the value of the worst hum condition is desired, in which case that one
of the following receiver adjustment conditions should be used which
gives the greater hum:
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a. No incoming carrier frequency and no other voltages such as
static, induction, ete., in the output circuit. In radio receivers where
the position of the volume control does not affect the hum (with no in-
coming carrier), the last condition may be most easily complied with
by setting the volume control to zero.

b. With an incoming unmodulated carrier having a radio-fre-
quency input of 50,000 uv impressed on the radio receiver input circuit,
and with the volume control so set that, were the incoming carrier to
be modulated 30 per cent at 400 cycles, it would give normal output
power in the radio receiver output circuit. Here, as in condition a,
static and induction voltages in the output voltage should be reduced
to a negligible percentage.

VI. Receiver Performance Graph Sheets

In an engineering analysis of general trends in receiver design and
performance, it is necessary to consider data on a large number of
receiver designs, and on a large number of particular receivers of each
design, for it is well known that the performance of a random sample of
a type of receiver may be far from representative of the type as a
whole. In order to facilitate such analyses, and to aid in the evaluation
of a particular design relative to the field, the Receiver Performance
Graph Sheets to be described below were developed. They have been
found so helpful by those who have used them in experimental forms
that in more finished form, as prepared by the I.R.E. Technical Com-
mittee on Radio Receivers, they are here published for the information
of the membership. It is hoped that they will be found useful and freely
used. The Committee will welcome any comments or suggestions of the
members relative to their improvement.

Great accuracy is not usually justified in plotting typical or average
characteristic curves, for large probable errors are inherent in a deter-
mination of what is typical or average from the relatively small quantity
of data which are usually available. And furthermore, the useful-
ness of the sheet as a summary for frequent reference would be de-
creased by including too much detail. Therefore, in the form shown
in Fig. 9, advantage has been taken of these facts by making the sheet
small—standard Lefax size, 334 in. X634 in.—thus gaining the utmost
in compactness without sacrifice of needed acecuracy.

Curves plotted on this sheet may be easily read to an accuracy of
5 per cent, which should prove sufficient for the original record of many
receiver tests which are made with test equipment not of the highest
order of accuracy, or which are rapidly made when great accuracy is
not required. However, this small sheet has been designed with the
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Fig. 9—Receiver performance graph sheet. (Full size)
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principal object in view of providing a means of recording average or
typical data in summary form for ready reference. Tests made to dis-
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Fig. 10—Receiver performance graph sheet. (Half size)

close small differences in individual receivers, or to discover errors or
defects, should be recorded in other ways more suitable for such tests.
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The sheet consists of two ruled sections, one with logarithmie
abscissas and linear ordinates, for fidelity curves, and the other with
linear abscissas and logarithmic ordinates, upon which may be recorded
sensitivity and band-width (selectivity) curves. The scales are all
properly marked and are so chosen as to be universal, that is, they will be
suitable for practically any present or contemplated broadcast re-
ceiver, without change.

The use of universal scales is considered essential so that different
receivers may be compared at a glance by noting the shape and location
of their characteristic curves on the standard sheet, without the neces-
sity of translating the curves back into figures. This requirement
necessitates—if undue loss of accuracy is to be avoided—the plotting
of the selectivity characteristic by means of the band width, derived
from the inverse resonance curves (or measured directly) instead of the
inverse resonance curves. It is obvious that to cover all types of re-
ceivers, a logarithmic scale for sensitivity and band width is required.
Linear ordinates for the fidelity curves are chosen because, on a small
sheet, they indicate with greater accuracy the essential fidelity charac-
teristics.

Space has been left at the top of the sheet for a title and any general
memoranda which may be desirable. The standard Lefax index ruling
may be included in the upper right-hand corner of the sheet, if desired,
subject to any legal restrictions there may be to the use of this ruling.
The figure shows the proposed sheet, full size, upon which have been
- plotted, for the purpose of illustration, the basic characteristics of a
receiver; sensitivity; band widths at 10, 100, and 1000 times Normal
Radio Input Voltage at resonance; and fidelity, measured at the three
standard test frequencies of 600, 1000 and 1400 ke per sec.

For those who prefer to plot complete selectivity curves, instead of
band-width data, a different form has been prepared, and is shown in
Fig. 10. This form is designed for standard letter size paper, 814 in.
X 11 in.

The lower part of the form provides for plotting complete selectivity
curves, and also provides for a sensitivity curve. As in the smaller
form, the upper section of the form is for fidelity curves. Logarithmic
ordinates are provided for the fidelity curves, as many engineers con-
sider these show the fidelity more nearly as it sounds.

The curves plotted on Fig. 10 are from the same data as those on
Fig. 9.

These forms have been prepared in accordance with the revision of
the Standard Tests of Broadcast Radio Receivers, as found on the
preceding pages.
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PROPERTIES AND APPLICATIONS OF MYCALEX TO
RADIO APPARATUS*

By
W. W. BrRowN

(General Electric Company, Schenectady, N. Y.)

Materials and Processes

YCALEX is a molded insulation having properties which
é s' }i make it particularly suitable for radio applications.

The materials from which it is formed are ground mica and
lead borate. The mixture is heated to the softening point of lead borate
(approximately 675 deg. C), and the mass compressed while plastic.
The moldings are cooled under compression and removed when the lead-
borate binder has solidified and firmly cemented the mass together.

The material is molded under pressure of approximately 10,000
pounds per square inch. This high pressure, combined with the high
molding temperature (approximately 500 deg. C) requires relatively
complicated and expensive molds. For these reasons, the moldings
available are of such sizes and shapes that they may be used in a wide
range of applications. Moldings used to greatest extent for general
applications are:

Slabs—2 1/4 in. wide, 12 in. long, and any thickness between 1/4
and 1 in. .

Slabs—1 in. wide, 12 in. long, and any thickness between 1 /8 andlin.

Rods—octagonal, 7/8 in. diameter by 12 in. long.

Rods—octagonal, 1 3/8 in. diameter by 12 in. long.

Special sizes and shapes are obtained either by machining standard
moldings or by special molds. To produce from standard moldings,
the material may be sawed, turned, drilled, ground, or polished.
Carborundum wheels are used for sawing and grinding and tungsten-
carbide alloy tools for turning and drilling. Although the material
may be machined by methods similar to machining marble, using
ordinary tool steel, these operations are greatly improved by the use
of harder tools. Special and intricate moldings are produced in special
molds when the quantity required justifies the cost of the molds.

Properties
The table shown in Fig. 1 shows comparative properties of Mycalex
porcelain, fused quartz, and glass.

* Dewey decimal classification: R281.2. Original manuseript received by
the Institute, February 19, 1930.
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The properties of mycalex which make it particularly suitable for
radio application are low dielectric loss, high diclectric strength
high tensile strength, and high resiliency.

These properties, in combination, are found in Mycalex in a hlgher
degree than in any other one material. This accounts for the rapid
increase in applications of this material in radio apparatus, particularly

transmitters.
FIG. 1—PROPERTIES OF DIELECTRICS

Electrical | Transparent
ELBECTRICAL Glass FFused Quartz | Porcelain Myecalex
Dielectric Constant (K) (ASTM) Test
Method 100, 000 cycles 5.7 4.2 7.0 8.0
Power Factor 9, (ASTM) Test Method
100,000 Cycles .4 .02 7 .2
Phase Angle—Minutes 130 6.9 240. 69.
Loss Factor—Power Factor XK 220 .084 | 4.9 1.6
Dielectric Strength—Volts: Thickness 3 !
*inch, Electrodes —1°, spherical Fre- 100,000 90,000 120,000
quency 60 cycles
MECHBANICAL
Compressive Strength—Ilbs. /sq. in. 200,000 55,000 25,000
Tensile Strength—Ibs. /8q. in. 8,000 6,000 ‘8,000
Transvesse Strength (Modulus of Cupture) . 11,000 16,000
Resistanceto Impact (ASTM) Test Me hod .23 .48

The relatively low dielectric loss, (Fig. 1), which was measured at |
100,000 cycles, was found to exist in practically the same relations |
at 6,000,000 cycles. Thisis shown by heating data. (Fig.2.) Thislowloss
factor is one of the main advantages of the materialforradioapplications. |
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The high transverse strength and exceptionally high resiliency
enable the using of proportions for radio insulators far more advan-
tageous than is possible with any other available material. It is es-
sential in proportioning insulators for radio frequencies to provide
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low flux density in the dielectric. ‘This requires insulators long and
slender and also in some cases electrostatic shields. Rods 3/4 in. in
diameter and 12 in. long approach the ideal in electrical respects and
mechanically are entirely practical. There isno other known material
that would provide these features to the same degree.

The surface of Mycalex is highly resistant to arcing. Continued
arcing along the surface produces a path of fused lead borate, similar
in appearance to glass. This path is only on the surface and when
scraped off leaves the surface without permanent injury. The material
does not crack or burn beneath the surface as most other available
insulating materials do.

Fig. 3—Myecalex applications.

| Although the material is practically nonhygroscopic, the surface

as molded is not as smooth as glaze on porcelain. For outdoor appli-
cations, therefore, the moldings are ground or otherwise polished,
producing a surface comparable with glaze. The surface as molded
is entirely satisfactory for indoor application.

Indoor Applications

Figs. 3 to 8 inclusive show Mycalex as used in typical component
units of transmitters.
Figs. 9 to 12 inclusive show applications in assembled sets.

-Outdoor Applications

Fig. 13 shows three sizes of antenna insulators used extensively for
short-wave antennas. The small, 3/4-in. diameter, insulators are tested
in tension at 2000 pounds. Flashover dry of theshort insulatoris 50kv at
60 cycles and of the long insulator, 82 kv. The large, 11/4in. diameter,
insulator is tested in tension at 5000 pounds and flashover is 70°kv.

These insulators in appreciable quantities have been in use for
several years at the developmental radio stations of the General
Electric Company at South Schenectady, N. Y., and Oakland, Calif.
Although the surface appearance of the insulators has changed slightly




1310 Brown: Applications of Mycalex to Radio Apparatus

L
i. f
|
!
|
l.
{ A
j i
: |
l
]
_a
]
4
3y
i
|




Brown: Applications of Mycalex to Radio Apparatus 1311

during this period, on account of weathering effects, their properties
apparently have not changed as they are still performing in an entirely
satisfactory manner.
' Performance

Myecalex is being widely used by the Radio Corporation of America
and the United States government in their various departments,
mainly in transmitters, and to a less extent in antenna insulation.
These applications include practically all classes and sizes of trans-

. "G i - e

3
=
5.

Fig. 6—Power-amplifier-tank inductor for 5-kw transmitter type. Side view
showing plug-in switch mechanism.

mitters, and cover practically the entire range of operating frequencies.

The material has proved uniformly satisfactory in these applications.

Relative Costs

Although the cost per pound of Mycalex is considerably higher than
the cost of porcelain, the smaller quantity which may be used for a
given insulator brings the unit costs to a comparable basis. This
condition is further brought about by the fact that the fittings may
be molded in or around the Mycalex, thereby avoiding the additional
expense of cementing or otherwise attaching the fittings to porcelain
and similar insulators.

Conclusions

Since 1925, when this insulating material became available for
general use in radio transmitters, its application has rapidly increased
to very considerable proportions. This has resulted in improving trans-
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Fig. 7—Motor operated variable condenser. ]

|
|
Fig. 8—High-frequency gang switch. I
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mitters in general, particularly broadcast and short-wave sets by
reducing the internal losses and thereby increasing the efficiency.
Possibly of greater importance is the improvement of providing a

paskeary
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Fig. 11—Intermediate power amplifier.

dependable insulation. Interruptions of service due to failure of
Mycalex are practically negligible.

’I"he Writer is indebted to L. J. Cavanaugh of the Insulation
Engineering Department of the General Electric Company for data
on properties of dielectrics included in this article.

«
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Fig. 13—Mycalex antenna insulators with aluminum alloy and fittings.
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A COMPARISON OF THE ENGINEERING PROBLEMS IN
BROADCASTING AND AUDIBLE PICTURES*

By
Porrer H. Evans

(Chief Engineer, Eastern Studios, Warner Brothers-Vitaphone Corporation, Brooklyn, N. Y.)

Summary—Attention s called to the principal difference between the pres-
ent success of audible pictures and the failures which preceded it. The similarities
and differences between broadcasting and audible pictures are pointed out. This
includes a comparison of the installations, a comparison of the pickup and repro-
duction conditions, etc. Some of the advantages of disk recording are pointed oul.
Measurements of the acoustical characteristics of recording stages and theaters are
given, as well as system frequency characteristics. The factors limiting the fre-
quency range on disk recording are discussed. Some of the problems in sound
editing are mentioned and the elements in greatest need of improvement are pointed
out.

INTRODUCTION

HEN Warner Brothers decided to experiment with audible t

x; %/ pictures, it was very doubtful whether the public would welcome
the innovation. Those who experimented with the idea in the
laboratory were fascinated and intrigued by the possibilities it seemed
to open up. But for forty years everyone who attempted to interest the
public in them had lost large sums of money. With the development
of the vacuum tube, the vacuum-tube amplifier, a new type of micro-
phone and a better loud speaker, sounds could be picked up and repro-
duced with a marked improvement in the fidelity of the reproduction.
This improvement in the quality of sound reproduction which was the
principal difference between this attempt at talking pictures and the
previous failures, led the engineers to believe that the public would
welcome the addition of synchronized sound to motion pictures.
After Warner Brothers had experimented with sound for over two
years, had developed the public’s reactions, and had demonstrated that
the addition of sound would be welcome, the other producers who
were skeptical at first changed their minds.

In the general stampede to get into production with audible pic-
tures many raids were made on the ranks of radio engineers, with the
result that we now find many members of the Institute in the picture
business and doubtless many more considering the change. As a result

* Dewey decimal classification: 621.385. Original manuscript received by

the Institute March 29, 1930. Presented at New York meeting-of the Institute,.
April 2, 1930. '
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it seems quite appropriate that the Institute should consider some of the
problems of the sound engineer in the picture business.

Comparing broadcasting with audible pictures, one notes many
striking similarities and many outstanding differences in the equip-
ment used and the practices followed.

In both, the sound is picked up in an acoustically-treated room and
converted into electric currents of audio frequency by microphones
whose outputs are blended together and then amplified for trans-
mission on a carrier in an inaudible form. At the receiving end, after
being restored to electric currents of audio frequency, the results are
amplified and then converted back into sound and projected by means
of loud speakers.

If it were not for the motion-picture camera the principal difference
between the two would be in the carrier and hence in the time of trans-
mission. In the case of broadcasting the sound is carried from the
broadeast studio to the home by an electromagnetic wave. In the case
of audible pictures it is carried from the picture studio to the theatre by
a phonograph disk or a film sound track. In the former case the trans-
mission is almost instantaneous; in the latter case it may be stored
anywhere from a few hours to many years, or generations.

Fig. 1 illustrates dlagrammatically the two transmission systems.
In addition to the similarities and differences noted above, it will be
observed that the modulator in the broadcasting transmitter has been
replaced by the recorder on the recording machine, and the detector in
the radio receiver has its counter part in the reproducer in the projec-
tion booth. In other words, broadcast and audible-picture systems
. are very similar if we substitute for the radio part of the broadcast
system, the recording and reproducing part of the audible-picture
system.

The motion-picture camera, however, creates enormous differences
in the pickup and the reproduction conditions. In the picturestudio the
. microphone must be kept out of the camera field and the camera noise
must be kept away from the microphone. This greatly complicates the
rickup problem. In the theater the sound must be reproduced syn-
\ chronously with the picture. This imposes a synchronizing problem
. on the recording. In other words, the camera and recording machine
| in the studio must progress together in identically the same manner as
the turntable and projector in the projection booth. In order to give
maximum flexibility and mobility to the camera an electrical interlock
is used in recording. It is then a simple problem to add more cameras
and recording machines. The addition of the former permits photo-
graphing at several different camera angles without the loss of syn-
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chronization or the necessity of stopping and repeating the actiomn, and
the addition of recording machines permits the making of duplicate
records, one for a play-back, one for release, and one as insurance
against loss. It also permits simultaneous recording on film and wax.

In the projection booth a mechanical interlock is used as there is
no hardship in placing the turntable and projector adjacent to each
other and there is never any need for more than one of each being
used at the same time. '

In recording sound for talking pictures, the Vitaphone Corporation
uses Western Electric sound-recording equipment. Inasmuch as most
of this equipment has been described by representatives of companies
affiliated with them in a series of papers which have been presented
before various engineering and scientific societies we shall not consume
time here in detailed discussion of this equipment. The equipment
we use is essentially the same as that used by all other producers
recording under Western Electric licenses and does not permit of much
variation or originality in its installation.

On the reproducing end, however, there is a wide variety of equip-
ment. Much originality has been shown by the large number of com-
panies who have been attracted to this business by the inability of
exhibitors to secure prompt delivery on reproducing equipment. But
here again we shall refrain from detailed discussion of apparatus, leav-
ing that to the various manufacturers concerned, and confine our-
selves to the operating problems which face the producer and exhibitor,
—that is, to the problem of transmitting the best possible sound with
the equipment available at present—and in addition, pointing out
some of the things that are badly in need of improvement.

Before proceeding with that part of the paper let us point out that
next to a good frequency characteristic the most difficult problem is the
maintenance of a sufficiently uniform speed in recording and repro-
ducing, that is, the elimination of hunting in the motor, speed irregu-
larities due to gears, and the variation of load caused by the intermittent
motion which advances the film in the camera and projector.

In the recording and reproduction of music any change in speed
will affect the pitch of the musical tones, and when these changes are
sudden or follow each other in rapid succession they are particularly
noticeable and objectionable. To musicians, who have what is known
as an absolute pitch ear, changes in speed of less than 1/2 of one
per cent are readily noticed. Fluctuation in speed of 1/10 of one per
cent or less seem to be satisfactory, however. When audible pictures
were first exhibited, the public seemed to think that synchronism be-
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tween sound and pictures was the key to success. This, however, was
one of the easiest problems.

The difficult problem and the thing that distinguishes previous
failures from the present sucecess has been pleasing reproduction which
involves, a good frequency characteristic and exceptionally uniform
speed. The latter still requires improvement in film reproduction.

INSTALLATION

Let us now briefly consider the installation problem. Here we
find little difference between the requirements for broadcasting and
sound pictures. In fact, the installation of recording and reproducing
amplifiers and of all speech wiring follows precisely the practice de-
veloped for broadecasting. The amplifiers are mounted on relay racks
and connected by twin lead wire pulled in rigid conduit. The former is
required to give electrostatic shielding, the latter for mechanical pro-
tection. While the latter gives a magnetic shielding where required, it
is not a satisfactory electrostatic shield.

The author describes here some of the salient characteristics of the
recording installation at Warner’s Eastern Studio.

In order to simplify installation and operation, we have departed
from the practice originally suggested of installing all amplifying
equipment at one central point and.-have adopted in its place the prac-
tice of locating the bridging amplifiers in the recording room and asso-
ciating them thru normal jacks with specific recording machines. These
amplifiers are driven from a bus, known as the recording bus, which is
energized in turn by the stage amplifiers where the pickup occurs. This
recording bus is operated at approximately zero level.

All amplifiers ahead of the bridging bus as well as all monitoring am-
plifiers are located in the monitor booth under the control of the
monitor man.

No duplicate or stand-by amplifying channels are provided in the
monitoring bootn. Trunk circuits are provided between the monitoring
booth and the electrical test room. These were installed in order to
provide means for check tests on the amplifying system. They could
be used, however, for connecting amplifiers located in the electrical
test room or in the other monitor rooms in place of those in trouble but
they have never been used for that purpose in a year and a half of
operation. It has been found that by having only one amplifying
channel conveniently available, greater care has been exercised in
its maintenance than would be the case if more than one channel
were available for use. Occasional delays in production have occurred
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but we are of the opinion that they are no more frequent nor serious |"

than would have been the case were duplicate installations provided. l
In the recording rooms, maximum flexibility has been provided.
This permits the use of any recording machine on any distributor or ]

stage. This, however, has not been provided for break-down service, f
but for the purpose of giving greater operating latitude and flexibility. =
It is possible by taking advantage of the diversity factor to reduce the |
number of recording machines and bridging amplifiers required for the |
operation of a given number of stages. il
Fig. 2 indicates in block diagram form the arrangement and use |||
of the amplifying equipment and Fig. 3 shows a frequency characteristic | $
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Fig. 3—Frequency-characteristic recording amplifiers. t

of this system. The droop at the low frequency end is an advantage as
will be pointed out later. ' b

Picxup

In microphone pickup work, one of the first considerations is the
acoustical characteristics surrounding the action that is to be picked
up. These characteristics are dependent to a large extent upon the
acoustical characteristics under which the sounds will bé reproduced.
In broadcasting, the sounds are in general reproduced in a home where |
rugs, overstuffed furniture, curtains, and drapes provide ample ab- |
sorption and this absorption is, in general, distributed uniformly over
the sound spectrum. In the average theater, the absorption is generally
inadequate with a full house and increasingly inadequate as the size of “
the audience decreases. In an empty house, or with a scattered au-
dience, we find hard walls, hard ceiling, frequently wooden-backed
seats and concrete floors which result in a high period of reverberation
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which changes in a marked degree with frequency as will be noted
later.

From the pickup point of view, this means that a broadcast studio
should be fairly live acoustically, while in the case of sound recording,

' the studio should be relatively dead.

oy

Another point of difference between the two studios is found in the
fact that there is nothing in the operation of a broadecast studio which
will materially affect its acoustical characteristics. Its characteristics
can, therefore, be adjusted until it is felt that the optimum results are
being obtained and it can then be left alone. In the case of the picture
studio, sets are built to represent or simulate the circumstances pic-
torially and acoustically surrounding the action which is being photo-
graphed and recorded. These sets are constantly being changed to
represent new scenes and hence the acoustical characteristics under

. which recording is done rarely remains the same for more than a few

minutes of recording time at any one time.

These sets generally consist of two or three side walls only. They
never have the fourth side as this space is occupied by the cameras
photographing the action. A top is rarely provided as it seldom comes
within the range of the camera field. In order to keep the expense of the
set construction down, it is desirable to build them of easily workable
material. Unless specially requested from an acoustical standpoint,
these side walls are built of thin material such as compo-board which
will reflect sounds of the higher frequencies and transmit the sounds of
lower frequencies. The construction of sets on-the recording stage,
therefore, has the effect of increasing the period of reverberation at the
high frequencies. It, therefore, seems desirable in providing sound
treatment for the stage to make it as dead as practical and to use the
sets to enliven the acoustics when required.

The ideal condition would be to have the reverberation of a record-
ing stage uniform for all frequencies. It is impossible to obtain this,
however, without providing acoustic material, many inches thick.

| Sound treatment, an inch or two thick, absorbs a bigger percentage

of the sounds at the high frequencies than at the low frequencies. On
the other hand, as pointed out above, the sets are considerably more
active in reflecting sounds of high frequencies than at low frequencies
with the result that very satisfactory recording can be obtained on
stages treated with an inch or two of sound treatment.

Fig. 4 shows the variation of the absorption and reverberation time
with frequency on one of our recording stages.

One of the most striking differences between broadcasting and talk-
ing pictures comes in microphone placement. The broadcaster has no
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restrictions placed on his microphone placement since he can arrange
his artists and microphone to suit himself and can adjust his set-up until
the optimum condition is obtained. On a sound stage, however, the
pickup man is not so fortunate. The arrangement of the actors and
artists is dictated by pictorial considerations and after the cameras

have been placed the sound men must then find a location for their
microphones outside of the camera field. T'urthermore, in order to sus-

tain interest in the picture, action on the part of the participants is

essential. In the early days of sound pickup several microphones were
placed about the set, some were hung in different locations outside of

the camera field, others were hidden behind hand props, tables, chairs,
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pillows, etc., on the set. Such arrangements required exceptional dex-
terity on the part of the pickup man to switch on the proper micro-
phone at the proper time. Generally, rehearsals did not help the situa-
tion much as the actors were prone to change their lines between the
rehearsals and a take. It was impossible to keep all the microphones
turned on all the time as this produces very objectionable effects. In
addition to the difficulty of having the proper microphone turned on
at the proper time, there were marked and abrupt changes in quality.

It has been suggested many times that the microphones be placed
approximately the same distance from the action as the camera.
Some people claim that satisfactory results can be obtained in this way
if the sets are given the proper acoustical characteristics. It has been
our experience, however, that when the microphone is placed at any
distance from the action, the noise level is greatly increased by com-
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. parison with the sound, and a great deal of detail in the speech or music
is lost, and a blurring effect is introduced.

Fig. 5 shows an oscillogram of sound pickup at two and forty- five
feet from the sound source. This illustrates in an exaggerated manner
the effect to which I refer.

We feel that the best results are obtained by using the minimum
number of microphones possible, preferably one suspended from a long
cord ‘and swung above the set by an operator who follows the action
with the microphone, maintaining as nearly as possible a uniform and
relatively short distance from the sound source. In order that the
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Fig. 5—O0scillogram of pickup on stage No. 1 before correct
acoustie treatment was applied.

distance from the microphone to the sound source may be kept as small
as possible, photographing at the time of the recording is restricted to
the close-up and medium shot, the long shot being made later, either
being shot wild, that is, without any sound being recorded or being
photographed while the original recording is being played back.

THE SouND RECORD

There are three common forms for the sound record; first, a phono-
graph disk; second, sound film using variable-density constant-width
sound track; third, sound film using variable-width constant-density
sound track. At the present time, Vitaphone releases only by the first
method. The other Western Electric licensees release by both the first
and second methods, and the General Electric and R.C.A. licensees re-
lease by the first and third methods.

At the time the making of audible pictures was started there was
only the one process commercially available for recording, namely, the
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phonograph disk. Prior to this time, several interests were endeavor-
ing to develop the photographic process of recording sound, but public
demonstrations established the fact that this process was not com-
mercial at that time.

Records had been produced commercially for some twenty-five
years and as a result the galvano and pressing processes had reached
a high degree of perfection. lixperience had been accumulating for
several years on the use of electric-recording equipment and as a result
the technique of cutting waxes by the electric process was well under-
stood, and no difficulties were encountered with this part of the work.

Later photographic recording of sound was used and under labora-
tory conditions we have been successful in obtaining very satisfactory
results, but we have as yet been unable to produce as satisfactory
results on film as we have on disk under commercial conditions.
If, at some future date, the results commercially obtainable with film
become equal to those obtained with disk, we may change to film. If
the results become superior to those obtainable with disk, we are
certain to change, as quality with us is of prime importance.

There are many things to be considered in comparing the relative
merits of disk and film. In some, the advantages lie with film, in others
the advantages lie with disk. It might be well for us to look at one or
two of the factors to be considered.

When the sound track is placed on the film alongside of the picture,
it is necessary to replace the entire print whenever a new sound record
is needed. Inasmuch as a thousand-foot release print costs many times
that of a disk, it is only natural that there is a marked reluctance to
retiring a print before it is absolutely necessary. As a result, sound film
is frequently retained in service long after it would be desirable from
the sound standpoint to retire it. Very little information is available
on the life of film containing sound track and what is available is not
reliable because there are no established standards for determining
when the useful life of a sound track has been passed. With disk re-
cording, additional records are furnished to replace the records in
service whenever there is a noticeable depreciation in the quality of the
reproduction, the exhibitor being advised not to play one record over
twenty or thirty times.

It is frequently stated that a better result can be obtained with film
than with disk recording. This statement seems to be based on tests
made in the laboratory where every step in the recording, developing,
printing, and reproduction is done by expert engineers or where the
disk record has been made by rerecording from film to disk and,
therefore, has in addition to its own limitations, the limitations of the

-
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original film record. In practice, however, where film must be developed
and exhibited in large quantities, it is difficult to secure the expert
handling which is required to obtain satisfactory results. This is
especially true on the exhibition end.

From the standpoint of the equipment, a disk reproducer is simplic-

ity itself. The only attention the reproducer requires in the projection

booth is the insertion of a new needle for each new disk. If anything
goes wrong with the reproducer a new one may be installed quickly,
easily, and cheaply. On the other hand, the film reproducer is compli-
cated by comparison. There are a number of adjustments which must
be made with a high degree of precision in order to obtain satisfactory
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Fig. 6—Frequency-amplitude relations wax and film recording
—constant output level.

results. Two additional stages of amplification are required in which
the energy level is extremely low and, therefore, the problem of exclud-
ing extraneous noises is very difficult. As the projectionists in the
booth become more familiar with the handling of sound track and
more expert in the maintenance of the sound-track reproducer we may
expect the results in the theater to improve.

On the surface there appears to be a marked advantage in the use
of sound film in the editing process. In practice, however, this opera-
tion is not as simple as it appears at first. While sound film has its use
in editing it also has its limitations as will be seen later.

It is interesting to compare the film and disk record of the same
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sound. As the wave form of a photographic record is more evident in
the variable-width method than in the variable-density method,we shall
make a comparison between the disk and the variable-width method.
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Fig. 7—Wave form for given sound; wax vs. film recording.

In a disk reproducer the induced voltage is proportional to the
transverse needle velocity. This means, then, that for uniform output
level the amplitude of the sound track on a disk record is inversely
proportional to the frequency.
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In a photoelectric cell, the current output is directly proportional
to the instantaneous value of the light entering the cell. In other
words, the amplitude of a photographic record for constant output 1s
independent of the frequency. '

Fig. 6 illustrates the effect of frequency upon amplitude in the two
types of recording. It will be noted that in disk recording the amplitude
at 5000 cycles is only one per cent of the amplitude at 50 cycles for the
same output level, while in the case of film recording the amplitude is
the same at both frequencies for the same output level.

To illustrate this effect a little further we have imagined a base
violin, a cello, and a violin playing simultaneously at equal volumes.
To simplify this illustration further we have assumed that the instru-
ments produce sinusoidal waves bearing a frequency ratio of 1, 3, and 9
and have shown the resulting wave form that would be obtained on the
film and disk record. Fig. 7 is very interesting. The high frequencies are
scarcely evident on the disk record by comparison with the film record.
An inspection of Figs. 6 and 7 illustrates why the presence of high
frequencies need not be considered in establishing the level for wax
recording while they must be considered in establishing the level for
film recording.

It will be observed that if the level of the low frequency sounds are
kept within the prescribed limits on wax recording that the monitor
man need not pay much attention to the high frequency sounds. In
film recording, however, it is essential that the sounds of single fre-
‘quency be recorded at a relatively low level in order to prevent over-
loading when complex sounds occur.

When we observe the relatively low amplitudes which are involved
in recording high frequencies, it is easy to understand why it is difficult
to eliminate surface noise from disk recording and why this surface
noise is high pitched. It is extremely difficult to obtain a surface on
the wall of the groove which is free from slight irregularities. If these
irregularities occur at frequent intervals they need only be of molecular
proportions in order to produce relatively large volumes of sound.

It is interesting to note what the limiting factors are in extending
the frequency range beyond that in current use. In this connection
a study of the wavelength of the recorded sounds is valuable. In order
to keep the length of one reel of film long enough to be practical, it
was necessary to lengthen materially the playing time of the commer-
cial phonograph record. This was accomplished by increasing the diam-
eter of the disk and by reducing the speed of rotation. Commercial
records rotate at 78 r.p.m., while Vitaphone records rotate at 33 1/3
r.p.m. It will be evident that this change in speed will materially
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affect the wavelength of the recorded sound. IFig. 8 shows the varia- |
tion in wavelength with frequency for grooves of various diameters |
on the Vitaphone records. ‘ |
It is obvious that if the radius of curvature of the recorded sound
becomes less than the radius of the reproducer needle, it will be
impossible for the needle to follow the sound wave. It is also evident
that for a given wavelength the radius of curvature decreases as the
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Fig. 8—Wavelength vs. frequency for different diameter spirals.—33% r.p.m.

amplitude increases and, therefore, for wavelengths corresponding in l
magnitude to the diameter of the reproducer needle there will be a
limit to the amplitude which it is capable of reproducing. In addition,
there is an effect in reproducing these frequencies which is analogous
to overloading in an amplifier or radio transmitter. As this effectis
“usually confined to the last octave, the harmonics generated fall out-
side the range of the loud speakers and produce no objectionable sounds.

In order to determine whether it was the frequency characteristic
of the reproducer or the wavelength phenomena, which is at present
limiting the frequency range of reproduction, a laboratory reproducer
was constructed and used in playing a standard frequency record of
constant velocity. Curve 4 in Fig. 9 is the result obtained. The speed

|
|
|
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| of the record was then approximately doubled with the frequencies
. corrected to correspond with the new speed. Curve B shows the results
. of this test and indicates that the reproducer which we used had no
resonant peaks below 8000 cycles. Therefore, the decrease in output
with increase in frequency in A must be the result of the wavelength
phenomena. It is to be expected that if the recording level on the con-
stant-velocity standard-frequency record was reduced that the break-
ing point on A would be shifted to the right more and more as the re-
cording level was reduced. As the normal amplitude of sounds above
3000 or 4000 cycles is ordinarily very much below the amplitude of
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Fig. 9—Frequency characteristic—experimental dynamic reproducer.

low-frequency sounds, it is doubtful whether the wavelength phenom-
ena would be an obstacle in attempting to add another octave to the
present frequency range.

As pointed out above, a study of Fig. 6 indicates that the amplitude
of the low frequencies is a limiting factor in disk recording. By reduc-
ing the amplitude of these frequencies the high frequencies can be
recorded at a considerably higher level and, therefore, the ratio between
the recorded sound and the surface noise is increased. When this was
done it was found in reproducing these sounds in the theater that the
results were more pleasing then when the low frequencies were recorded
and reproduced in their true proportion. At first, this was baffling
but the explanation can be found in the study of the theater acoustics.
Fig. 10 illustrates the way in which the sound absorption in the aver-
age theater varies with frequency, and indicates that reverberation
at the lower frequencies is much more objectionable than at the higher
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frequencies. From this it is evident that a smaller amount of energy
is required to produce a given volume of sound in the theaterin the

frst two octaves than in the last two. It, therefore, results that a
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Fig. 11-—Over-all frequency characteristics.

modification in the frequency characteristic which is advantageous
from a recording standpoint is also advantageous from the standpoint
of theater reproduction.

One curve on Fig. 11 shows the frequency characteristic of the
recording system from C.T.A. output as far as the wax, and the other
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extends it to include the effect of reproduction. It is interesting to note
that records made with this frequency characteristic sound better in the
average theater than do records in which the low frequencies are re-
corded more nearly in their true proportions, while they do not sound
as well in rooms having uniform sound absorption as those having more
bass. As time goes on and the acoustical characteristics of the theater
are improved it will undoubtedly be found desirable to modify this
recording frequency characteristic.

Sounp EbpIiTING

A paper on audible pictures cannot be presented without some
reference to sound editing, an operation which has no counterpart in
broadcasting.

In the beginning it was necessary to shoot a complete reel of picture
and sound without stopping. This seriously limited the entertainment
scope of audible pictures as it is virtually impossible to shift the scene
of the action during a take. It was once attempted by constructing
three sets side by side and locating cameras in front of each set. When
the action on the first set had been completed the lights were turned
out and the actors hurriedly shifted to the second scene whereupon
the lights were turned on and the action continued. This proved to
be entirely impractical. It was decided, therefore, to attempt re-
recording, an operation which those versed in the phonograph business
stated could not be done without ruinous effect upon the quality of
‘the recorded sound. A few experiments in this direction proved, how-
ever, that the difficulties anticipated could be overcome, with the re-
sult that very few reels are now continuous or original recordings.
Once it was discovered that re-recording was practical a great many
other reasons for its use were discovered besides the necessity of shift-
ing scenes. It enabled the directors to break up their action into short
sequences, and thus make it unnecessary for the actors to memorize
and rehearse long scenes at a time. It also permits the addition of
sound effects and music recorded at other times and in other places and
in case of a breakdown either on the part of the actors, in the photog-
raphy or in the recording, it is unnecessary<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>