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May 13th-Monday
8:00 A.M.-10:00 A.M.

10:00 A.M.-12:00 M.

10:00 A.M.-12:30 P.M.

12:00 M.

1:15 P.m. -5:00 P.M.

1:15 P.M. -5:30 P.M.

8:00 P.M.

May 14th-Tuesday
9:00 A.M.-12:00 M.

10:30 A.M.-12:30 P.M.

1:15 P.m. -5:30 P.M.

7:30 P.M.

May 15th-Wednesday
10:00 P.M. --5:00 P.M.

6:30 P.M.

TENTATIVE PROGRAM OF FOURTH ANNUAL CONVENTION
INSTITUTE OF RADIO ENGINEERS

WASHINGTON, D. C.
MAY 13-15, 1929

May 12th-Sunday
2:00 P.M. -6:00 P.M. Registration at the Mayflower Hotel. Badges, trips

and banquet tickets.

Registration at the Mayflower Hotel. Badges, trips
and banquet tickets.
Sightseeing around Washington in private cars, to be
arranged by ladies of Washington (ladies exclusively).
Opening session at the U. S. Chamber of Commerce
Building, Connecticut Ave. and H St. N. W. Short
speeches by President A. Hoyt Taylor, F. P. Guthrie,
Chairman Washington Section, and C. B. Jolliffe,
Chairman Convention Committee. Symposium on
"Technical Problems of Radio Regulation" consisting
of ten papers and discussions (see complete program
in this issue).
The ladies of Washington hostesses at luncheon to the
ladies attending the Convention.
Trip No. 1 (ladies exclusively) to Mount Vernon by
motor -bus.
Trip No. 2 (limited to American citizens only) Techni-
cal Inspection trip from Mayflower Hotel to the U. S.
Naval Research Laboratory at Bellevue, D. C., in-
cluding sightseeing trip and inspection of the Naval
Research Laboratory.
Popular lecture by Professor M. I. Pupin in U. S.
Chamber of Commerce, Vice President A. Meissner
presiding.

Technical Session in the U. S. Chamber of Commerce
Building.
Technical address by Vice President Alexander
Meissner.
Symposium on "Photo Radio and Television." Seven
papers and discussions. (See complete program.)
Demonstration of educational sound pictures dealing
with the principles of modulation and filtering.
Trip No. 3. Sightseeing trip from U. S. Chamber of
Commerce around Washington, with stops at Arling-
ton Cemetery and Arlington Radio station.
Trip No. 4. Technical inspection trip from Mayflower
Hotel to the U. S. Bureau of Standards, including
sightseeing trip through Rock Creek Park. Inspection
of the Bureau of Standards.
Informal banquet at the Mayflower Hotel, including
speeches by President A. Hoyt Taylor, and several
other members of the Institute, presentation of the
Institute annual awards, dancing and other entertain-
ment.

Joint meeting of the Institute of Radio Engineers and
the International Scientific Radio Union, American
Section, at the National Academy of Sciences, 21st
and B Sts. N. W. The program includes twenty
minute abstract presentation of twenty papers (See
complete program in this issue).
Informal dinner of the Institute of Radio Engineers
Section delegates followed by a meeting of the Com-
mittee on Sections. National Press Club, 14th and F
Sts. N. W.
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GENERAL INFORMATION

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

Subscription rates to the PROCEEDINGS for the current year are received 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, 1923, and 1926 at
$9.00 per volume (six issues) or $1.50 per single issue. Single copies for the year 1928 are available
at $1.00 per issue. For the years 1913, 1914, 1915, 1916, 1917, 1918, 1924, and 1925 miscellaneous
copies (incomplete unbound volumes) can be purchased for $1.50 each; for 1927 at $1.00 each.
The Secretary of the Institute should be addressed for a list of these.

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

Bound volumes are available as follows: for the years 1918, 1920, 1921, 1922, 1923, 1925, and 1926
to members of the Institute, libraries, booksellers, and subscription agencies at $8.75 per volume
in blue buckram binding and $10.25 in morocco leather binding; to all others the prices are $11.00
and $12.50, respectively For the year 1928 the bound volume prices are: to members of the
Institute, libraries, booksellers, and subscription agencies, $9.50 in blue buckram binding and
$11.00 in morocco leather binding; to all others, $12.00 and $13.50, respectively. Foreign postage
on all bound volumes is one dollar, and on single copies is ten cents.

Year Books for 1926, 1927, and 1928, containing general information, the Constitution and By -Laws,
catalog of membership etc., are priced at seventy-five cents per copy per year.

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

Advertising rates to the PROCEEDINGS will be supplied by the Institute's Advertising Department,
Room 802, 33 West 39th Street, New York, N. Y.

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

The right to reprint limited portions or abstracts of the papers, discussions, or editorial notes in the
PROCEEDINGS is granted on the express condition that specific reference shall be made to the
source of such material. Diagrams and photographs published in the PROCEEDINGS may not be
reproduced without making special arrangements with the Institute through the Secretary.

It is understood that the statements and opinions given in the PROCEEDiNGS are views of the individual
members to whom they are credited, and are not binding on the membership of the Institute as
a whole.

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

Entered as second class matter at the Poet Office at Menasha, Wisconsin.
Acceptance for mailing at special rate of postage provided for in the Act of February 28, 1925, embodied

in paragraph 4, Section 412, P. L. and R. Authorised October 28, 1927.

Published by

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

BUSINESS, EDITORIAL, AND ADVERTISING OFFICES,

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

Copyright, 1929, by I. R. E.
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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 contormity to
the spirit of these suggestions is recommended.

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

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

Abbreviations-Write a.c. and d.c., Ice, itf, ;Apt, emf, mh, hennes, abscissas, antennas. Refer to
figures as Fig. 1, Figs. 3 and 4, and to equations as (5). Number equations on the right in
parentheses.

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

Publication of Paper

Disposition-All manuscripts should be addressed to the Institute of Radio Engineers, 33 West 39th
Street, New York City. They will be examined by the Committee on Meetings and Papers and
by the Editor. Authors are advised as promptly as possible of the action taken, usually within
one month.

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

Reprints-With the galley proof a reprint order form is sent to the author. Orders for reprints must
be forwarded promptly as type is not held after publication.
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Vice President of the Institute Comes From Germany to
Attend Convention

ALEXANDER MEISSNER

Vice President of the Institute, 1929

The Board of Direction of the Institute is happy to announce that Dr.
Alexander Meissner, Vice President of the Institute, is making the trip from
Germany to attend the Fourth Annual Convention and to participate in the
technical program thereof.

Alexander Meissner was born in Vienna, Austria, on September 14, 1883.
He studied at the Vienna College of Engineering and received the degree of
Doctor of Technical Science in 1909. In 1922 he was given the honorary degree
of Doctor of Engineering by the College of Engineering in Munich. Since 1907
he has been associated continuously with the Telefunken Company of Berlin.
He is now Director of the research laboratory of that organization. Dr. Meissner
has made a number of fundamental contributions to the radio art through a series
of investigations among which are the problems of losses in coils, transmitting
antenna design which was especially confined to the study of reducing the
resistance losses in the earth, machine transmitters, impulse excitation of
quenched spark transmitters, and many vacuum -tube circuits. Dr. Meissner
is well known for his active work in the field of vacuum -tube amplification sys-
tems, his investigations of quartz crystals in high -frequency work, his study of
the physical structure of quartz in piezo and pyro-electricity, and the manufac-
ture of piezo-electric plates from non -crystalline materials.

In 1925 Dr. Meissner was awarded the Heinrich Hertz gold medal in recog-
nition of his many inventions in the radio field.

He became an Associate member of the Institute in 1914 and was trans-
ferred to the Fellow grade in 1915. He has been a frequent contributor to the
PROCEEDINGS and other technical journals. The membership of the Institute
elected him Vice President of the Institute in 1929.



INSTITUTE NEWS AND RADIO NOTES

Washington Convention of the Institute

The Institute is affording its members an unusual program of varied
interest at its Fourth Annual Convention which is to be held in
Washington, D. C., May 13th to 15th. As well as an excellent techni-
cal and inspection program, the Convention committee has arranged
a number of special attractions of particular interest to the lady guests
to assure all members that their wives are not only welcome but are
urged to be in Washington for the entire Convention. The flowers in
the many parks of Washington are at their height in May and it is
doubtful if they are equalled anywhere in the United States.

Among the features of the Convention will be technical sessions,
a popular lecture, technical inspection trips, sightseeing trips for the
ladies, a banquet, presentation of the Institute annual awards, a joint
meeting of the Institute and the American Section of the Interna-
tional Scientific Radio Union, and a reception by the President of the
United States.

Technical Sessions

Thirty-seven papers on radio engineering subjects of timely impor-
tance will be presented during the technical sessions. Two half -days
will be devoted to symposiums treating the technical problems of radio
regulation, and photo radio and television. One full day will be occu-
pied by the joint I. R. E. -U. R. S. I. meeting, at which twenty indiv-
idual technical contributions will be offered. The tentative program
of technical papers follows:

MAY 13th, 10:00 A.M. to 12:30 P.M.

Speeches of introduction by President A. Hoyt Taylor, F. P. Guthrie,and C. B.
Jolliff e.

Symposium on Technical Problems of Radio Regulation
General Introduction-by the Chairman of the Federal Radio Commission.
Engineering Aspects of the Work of the Federal Radio Commission-by J. H.

Dellinger, Federal Radio Commission.
Receiver Developments Affecting Broadcasting Regulations-by L. M. Hull,

Radio Frequency Laboratories.
Principles of Broadcast Frequency Allocation-by L. E. Whittemore, American

Telephone and Telegraph Company.
Heterodyne Interference-by J. V. L. Hogan, Consulting Engineer.
Ship Radio Inspection and Frequency Monitoring-by Arthur Batcheller,

Department of Commerce.

597



Harris & Ewing
hehe CapitolT

Lincoln Memorial Through the Cherry Blossoms (Trip No. 3)

H. H. Rideout
Mount Vernon (Trip No. 1)



H. H. Rideout
The Japanese Cherry Blossoms-Washington Monument

in Background (Trip No. 3)

Promenade of the Mayflower Hotel-Convention Headquarters

Grand Ballroom of the Mayflower Hotel where Annual
Banquet Will Be Held
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The Problems Centering About the Measurement of Field Intensity-by S. W.

Edwards, Department of Commerce.
Transmitter Developments Affecting Broadcast Regulation-by E. L. Nelson,

Bell Telephone Laboratories.
The Radio Engineer's Responsibility in Coping with Man -Made Interference-

by Edgar Felix, National Electrical Manufacturers' Association.
Radio Coordination, by M. D. Hooven, National Electric Light Asscciation.

The Development of United States Radio Broadcasting-by R. H. Marriott,

Federal Radio Commission.

MAY 14th, 9:00 A.M. to 12:00 M.

Technical Address-by Vice President Alexander Meissner.
Symposium on Photo Radio and Television

General Introduction-by Alfred N. Goldsmith, Radio Corporation of America.

Electrical Transmission of Pictures and Images-by J. W. Horton, General

k Radio Company.
Commercial Radio Facsimile Communication-by R. H. Ranger, Radio Corpora-

tion of America.
High Speed Facsimile Picture Transmission-by V. Zworykin, Westinghouse

Electric and Manufacturing Company.
The Drum Scanner in Radiomovies Receivers-by C. Francis Jenkins, Jenkins

Laboratories.
The Selection of Standards in Commercial Radio Television-by Julius Wein-

berger, Theodore A. Smith, and George Rodwin, Radio Corporation of

America.
Optical Systems for Television Image Reproduction-by Bernard Cioffari,

Radio Corporation of America.

Following the symposium there will be a demonstration of edu-

cational sound pictures dealing with the principles of modulation and

filtering, presented by John Mills, Bell Telephone Laboratories.

I. R. E. --II. R. S. I. Joint Meeting
MAY 15th, 10:00 A.M. to 5:00 P.M.

Current Developments in Radio Measurement Research-by J. H. Dellinger,

Bureau of Standards.
The Inductance of Iron -cored Coils as Determined with Superimposed Alternat-

ing and Direct Current, Length of Air Gap, and Initial Magnetic State-

by H. M. Turner, Yale University.
Push -Pull Piezo-oscillator Circuits-by J. R. Harrison, Wesleyan University.

The Calculation of the Inductance of Single -layer Coils and Spirals Wound with

Wire of Large Cross Section-by F. W. Grover, Union College.

Current Developments in Interference Measurement-by E. F. W. Alexander -

son, General Electric Company.
Radio Interference from Power Circuits-by Norman Snyder, General Electric

Company.
Current Developments in Radio Wave Propagation Research-by L. W. Austin,

Bureau of Standards.
Radio Wave Propagation Phenomena-by Major W. R. Blair, Signal Corps,

War Department.



Institute News and Radio Notes 601

The Effect of Group Velocity on the Retardation of Radio Signals-by G. Breit,
Carnegie Institution.

Studies of the Height of the Kennelly -Heaviside Layer by the Echo Method-
by M. A. Tuve and L. R. Hafstad, Carnegie Institution.

Further Studies of Echo Signals-by A. Hoyt Taylor and L. C. Young, Naval
Research Laboratory.

Ionization in the Atmosphere of Mars-by E. 0. Hulburt, Naval Research Lab-
oratory.

Current Developments in Radio Atmospherics Research-by H. T. Friis, Bell
Telephone Laboratories.

Front View of Navy High -Power Transmitter
Designed at Bellevue (Trip No. 2)

Current Developments in Radio Research Cooperation-by A. E. Kennelly,
Harvard University.

Input and Output Admittance of Triodes-by E. L. Chaffee, Harvard Univer-
sity.

Operating Characteristics of Triode Oscillators-by E. L. Chaffee and R. F.
Field, Harvard University.

Reciprocal Theorems in Radio Transmission-by J. R. Carson, American Tele-
phone and Telegraph Company.

Circuit Tuning by Wave Resonance with Application to Signal Reception-
by L. Cohen, Signals Corps, War Department.

Application of Wave Resonance Tuning to Signal Transmission-by W. R.
Blair and L. Cohen, Signal Corps, War Department.

Detection at High Signal Voltages: I. Plate Rectification-by Stuart Ballantine,
Radio Frequency Laboratories.
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The Mutual Impedance between Adjacent Antennas-by C. R. Englund and
A. B. Crawford, Bell Telephone Laboratories.

Reciprocity in Electromagnetic, Mechanical, Acoustical, and Interconnecting
Systems-by Stuart Ballantine, Radio Frequency Laboratories.

Popular Lecture
MAY I3rn, 8:00 P.M.

We are particularly fortunate in being able to announce that Pro-
fessor M. I. Pupin, of Columbia University, past president of both the

Rear View of High -Power Transmitter-Case Removed (Trip No. 2)

Institute of Radio Engineers and the American Institute of Electrical
Engineers, will deliver a lecture of general scientific interest.

Dr. Alexander Meissner will preside at this meeting and introduce
Professor Pupin.

Inspection Trips

As the places to be inspected on all organized trips are at some dis-
tance from the center of Washington (and Convention Headquarters),
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these trips will constitute sightseeing tours as well as technical inspec-
tion trips, and consequently will be of much interest to the ladies.
Trip No. 1 to Mount Vernon is exclusively for the ladies. The ladies
of Washington will be glad to arrange special sightseeing trips for
visiting ladies in private cars to points of interest.

Trip No. 2. U. S. Naval Research Laboratory
MAY 13TH, 1:15 P.M. TO 5:30 P.M.

This trip is limited to American citizens; the Naval Research
Laboratory is a part of the nation's defense system, and as it is the
universal policy among nations to limit visitors to such places to its
own citizens, unfortunately this same policy will have to be followed in

One of the Several Forms of Frequency Standardization Equipment
at the Naval Research Laboratory (Trip No. 2)

connection with this trip. Members of the Institute and their immed-
iate families planning to take this trip will be required by the Govern-
ment to register especially for it at the Convention registration desk
in the Mayflower Hotel prior to 11:00 A.M. on May 13th.

The Naval Research Laboratory is located seven miles from the
center of Washington, at Bellevue, D. C. Buses will start from the
Mayflower Hotel and will proceed via the White House and Treasury
Building along historic Pennsylvania Avenue past the Botanical
Gardens, the Capitol, the Congressional Library, Navy Yard, and St.
Elizabeth's Hospital to the Laboratory. Members will return in buses
via The Mall, Smithsonian Institute, the National Museum, and the
Department of Agriculture, arriving at Convention Headquarters.
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At the Laboratory members will be conducted through the radio
.and sound divisions. The sections to be visited in the radio division
are precision measurement, radio compass, transmitter, aircraft, re -

A Corner of the Naval Research Laboratory's Low -Power
Transmitter Design Room (Trip go. 2)

ceiver and amplifier, and lastly the "field house" in which the extensive
study of high -frequency transmission phenomena has been carried on
for several years.

The High -Power Direct -Current Gallery at the Naval
Research Laboratory (Trip No. 2)

The precision measurement section contains the Navy's standards
of frequency, permanently installed bridges for inductance, capacity,
and resistance measurements, and elaborate equipments for absolute
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calibration of quartz crystals which check back to Observatory time.
Of special interest will be the apparatus for absolute calibration by
means of which it is hoped an accuracy of one part in ten million will
be realized.

The transmitter section will have several problems of general inter-
est in progress. The high -power gallery, in addition to the high -voltage
direct -current machinery supply, contains the transmitters with which
the Kennelly -Heaviside layer measurements, using the spurt measure -

Bank of Four High -Power High -Frequency Transmitters at
Arlington Radio Station (Trip No. 3)

ment method, are being studied. It is expected that a high -power six -
meter transmitter will also be in operation.

At the field house the visitors will see a high -power push-pull,
high -frequency, crystal -controlled transmitter, as well as a half -kilo-
watt crystal -controlled transmitter which can be operated up to 35,000
kc. The receiver and oscillograph with which round -the -world signals
and echoes are studied will be on display.

The aircraft section will have several sets of historic interest on
exhibition. Such equipment as that used on the Shenandoah, the
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PN7, and Byrd's America will be seen. Modern naval aircraft trans-
mitters, receivers, generators, alternators, and dynamotors will be
shown. A study of the trend of modern aircraft design, here and
abroad, may be made through the comparison of equipment of British
and American design on display.

The receiver and amplifier section has a well-equipped laboratory
for all manner of receiving investigations. Unique specially screened
booths, in which sensitive receiving measurements are made in the
midst of high -power high -frequency transmitters, are provided. These
booths (three in number) are doubly shielded, each complete screen

Bureau of Standards Laboratory foriTestinglPiezo-Oscillators
for Broadcast Stations (Trip No. 4)

being insulated from the other. They are also arranged so that the
center booth can house a driver while in the end one measurement
data can be taken without external interference to the indicating
instruments, or modulation of the driver frequencies.

Near the main Laboratory there will be found the radio compass
building which is designed to approximate the standard shore station
layout. In this building the radio compass section carries on its in-
vestigations and development work.

At the docks on the Potomac river will be seen the field stations
of the sound division-consisting of two well equipped barges which
are operated in Chesapeake Bay except during the winter months. The
sound division will have on display a direct reading sonic depth finder.
There will also be a demonstration of a few applications of piezo-
electric activity of Rochelle Salt crystals.
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Trip No. 3. Sightseeing with Stops at Arlington Cemetery
and Arlington Radio Station

MAY 14TH, 10:00 A.M. TO 12:30 P.M.

This trip will parallel a portion of the symposium on photo radio.
Leaving the Mayflower in buses, those participating in this trip will be
taken on a two and a half-hour trip to many famous points of Washing-
ton. Lecturers will be provided on each bus. The buses will pass the
War and Navy Buildings, Corcoran Art Gallery, Red Cross Building,
Pan American Union, National Academy of Sciences, Lincoln Memor-
ial, around Haynes Point from which an excellent view of the Naval Air
Station, Bolling Field, and the War College may be had, past the

Laboratory for Study of Radio Wave Phenomena and Measurement of Intensity
of Radio Waves at the Bureau of Standards (Trip No. 4)

public golf links, the Bureau of Printing and Engraving, the Tidal
Basin surrounding which are the famous Japanese Cherry trees, to
Arlington Cemetery and the Tomb of the Unknown Soldier. From
Arlington Cemetery the buses will go to Arlington Radio Station, well
known to all, where a stop will be made to inspect the latest low- and
high -frequency naval transmitters in operation. The return trip will
be through Fort Meyer across Francis Scott Key bridge, through his-
toric Georgetown to the Mayflower Hotel.

Trip No. 4. II. S. Bureau of Standards
MAY 14TH, 1:15 P.M. TO 5:30 P.M.

En route the Bureau of Standards, buses with lecturers will leave
Convention Headquarters, proceeding up 16th Street, passing many
embassies and fine churches, through the finest residential section of
Washington to one of the north entrances of Rock Creek Park. A
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four -mile ride through this famous picturesque park will bring the
delegates out at Old Pierce Mill. From thence the route will lead direct
to the Bureau of Standards. The return trip will be made along Con-
necticut Avenue, across the Million Dollar bridge, past the former
home of President Hoover and the "S" Street home of Woodrow Wilson
to the Mayflower hotel.

The Bureau of Standards affords a large number of interesting
sights. The attention of the members will be concentrated on the
radio and electrical buildings, but opportunity will be given for anyone

Radio Transmission Research (Low -Frequency) Laboratory of Dr. L. W. Austin
at the Bureau of Standards (Trip No. 4)

interested to visit other laboratories. The work of the Bureau of
Standards includes nearly all phases of physics, chemistry, and engi-
neering and informal visits to any section will be welcomed. Informa-
tion may be obtained from the laboratory members.

In the radio building there are many interesting developments to be
observed. Members of the staff will be available for answering ques-
tions and discussing the various projects. Probably of most interest
will be the following: the study of radio wave phenomena and measure-
ment of radio field intensity showing apparatus for recording fading
and illustrative records, the laboratory car and other measuring equip-
ment, demonstration of testing of piezo-oscillators for broadcast
stations and measurements on standard piezo-oscillators, demonstra-
tion of the visual radio beacon system and display of apparatus de-
veloped in connection with work on radio aids to air navigation, the
laboratory of Dr. L. W. Austin for radio transmission research (low
frequency) where the classic transmission measurement work of Dr.
Austin, which the PROCEEDINGS has published from time to time, has
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been carried on for a number of years, the Signal Corps Laboratory
where the work on resonance wave tunings will be demonstrated.

In the Electrical Building will be seen the life test equipment for
incadescent lamps where several thousand lamps are tested annually,
heavy current testing and tests of electrical measuring instruments,
standard cell laboratory in which is maintained the United States
standard of voltage and life testing of dry batteries, including radio
batteries in which all switching is done automatically according to any
predetermined time schedule.

Ten -Foot Wind Tunnel for the Study of Effect of Wind on Structures Such as
Airplanes, Dirigibles, and Buildings, at the Bureau of Standards (Trip No. 4)

In the main laboratory of the Wirid Tunnel Building there is one
of the three wind tunnels used at the Bureau for investigating models
of airplanes, dirigibles, bombs, buildings, and chimneys. This tunnel
is fifty inches across at its smallest section, and in it a wind speed
of 75 miles an hour can be maintained.

The work of the Bureau on radio aids to air navigation is carried on
at an experimental station at College Park, Maryland. Members in-
terested in this work are welcome to visit the station at any time be-
tween 9:00 A.M. and 4:30 P.M. Special arrangements for a visit by
a group of members may be made at Convention Headquarters at
registration time.

Reception By President Hoover
A reception by the President of the United States at the White

House to all persons attending the Convention is being arranged.
The date and hour will be announced later.

The Banquet
MAY 14TH, 7:30 P.M.

The annual banquet of the Institute, which will be informal,
will be held in the grand ballroom of the Mayflower Hotel. Included in
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the program are speeches by A. Hoyt Taylor, toastmaster, and byseveral other members of the Institute, presentation of the InstituteMedal of Honor and the Morris Liebmann Memorial Prize, and severalforms of light entertainment. Dancing will be provided for those whodesire.

Entertainment for the Ladies
From the foregoing paragraphs it may be judged that the ladyguests are to be provided with a varied program of interest. In additionto these the Ladies' Committee of the Convention has arranged anumber of added attractions.

On Monday morning the Ladies' Committee will be present at theregistration desks to arrange informal sightseeing trips exclu-sively for the ladies. These trips will be made in private cars and willinclude any of the sights of Washington which are of interest to theindividual persons.
At noon on Monday the ladies of Washington will be hostesses tothe lady guests at luncheon at one of the Washington Women's Clubs.Following the luncheon the ladies will go on Trip No. 1 to Mount Ver-non. This will be a four-hour tour by motor -bus and will includeGeorgetown, Alexandria, and Mount Vernon.The Ladies' Committee will be on hand at other times to directwomen visitors to any of the numerous interesting sights which theymay care to take in.

Committee on Sections Meeting
MAY 15TH, 6:30 P.M.

A meeting of the Committee on Sections, which it is believed willbe attended by delegates from each Section of the Institute, willbe held at an informal dinner at the National Press Club, 14th and FStreets, N. W. Those members of the Sections who attended thissession of the 1928 Convention will recall the helpful and instructivemeeting which took place. These meetings afford the only opportunityfor the Officers of the Institute and the Committee on Sections with itsvarious representatives to meet in a body to study Section plans andoperation. The 1929 Committee on Sections is arranging a veryinteresting program for this meeting.

General Information
Convention Headquarters will be at the Mayflower Hotel which iscentrally located (Connecticut Ave. and L St. N. W.), and very nearthe U. S. Chamber of Commerce building in which the technical ses-sions will be held.
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The Mayflower Hotel has set aside the following rooms for Conven-
tion delegates: Sixty-five single rooms at $5.00 a day, twenty-five
single rooms at $6.00 a day, twenty-five rooms at $7.00 a day, fifty
twin -bedded rooms at $9.00 a day for two and $7.00 for one, fifty
twin -bedded rooms at $10.00 for two and $8.00 for one. If more than
one person occupies a single room all of which are provided with double
beds the price will be $2.00 a day additional. To insure reservations
desired the members are cautioned to fill in and return promptly the
hotel reservation postcard which will be sent with the Convention
programs during the latter part of April.

Members coming to Washington by auto will find a number of
garages near the Mayflower. Among these are: Mayflower Garage,
1830 L Street, $1.50 a day; Standard Garage, 1815 L Street, $1.00 a
day; L Street garage, 1705 L Street, $1.00 a day; and the Palace
Garage, 1216 20th Street, $1.00 a day.

Also with the Convention programs there will be mailed a detailed
map of the city of Washington showing the auto approaches to the city
and Convention Headquarters.

Tickets for all inspection trips must be obtained at the time of
registration either on Sunday, May 12th or Monday, May 13th,
prior to the opening session. These tickets will be available free of
charge to members of the Institute and their immediate families.
Due to the limited facilities it will be impossible to take non-members,
other than their families, on any inspection trip or sight-seeing tour.

The banquet tickets will be $5.00 a plate, and may be obtained
either at the time of registration or in advance thereof from Mr. F. P.
Guthrie, Radio Corporation of America, 1112 Connecticut Avenue,
Washington, D. C.; or the Secretary, The Institute of Radio Engineers,
33 West 39th Street, New York City. Remittances must accompany
orders for tickets. Particular table assignments will be made only
when one or more complete tables (seating ten persons) are reserved.

March Meeting of the Board of Direction

The March meeting of the Board of Direction of the Institute was
held on the 6th of the month in the office of the Institute. The follow-
ing were present: R. H. Marriott, Acting Chairman; Melville Eastham,
Treasurer; John M. Clayton, Secretary; Alfred N. Goldsmith, Junior
Past President; Arthur Batcheller, W. G. Cady, R. A. Heising, and
R. H. Manson.

The Board transferred and elected the following to the higher
grades of membership in the Institute: transferred to the Fellow grade:
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Haraden Pratt; elected to the Fellow grade: Guiseppe Pession; trans-
ferred to the Member grade: W. D. Loughlin; elected to the Member
grade: Roland B. Bourne, G. A. Struthers, and Ralph Wyckoff.

One hundred and twenty-one Associate members and eight Junior
members were elected.

Standard Frequency Transmissions by the Bureau of Standards

The schedule of standard frequency transmissions by the Bureau
of Standards for the months of April and July (inclusive) appear below.
This schedule includes many of the border frequencies between services
as set forth in the allocation of the International Radio Convention of
Washington which went into effect January 1, 1929. The signals are
transmitted from the Bureau's station WWV, Washington, D. C.
They can be heard and utilized by stations equipped for continuous -
wave reception at distances up to 1,000 miles from the transmitting
station.

The transmissions are by continuous -wave radiotelegraphy. The
modulation which was previously on these signals has been eliminated.
A complete frequency transmission includes a "general call" and
"standard frequency" signal, and "announcements." The "general
call" is given at the beginning of the 8 -minute period and continues
for about 2 minutes. This includes a statement of the frequency.
The "standard frequency signal" is a series of very long dashes with the
call letter (WWV) intervening. This signal continues for about 4 min-
utes. The "announcements" are on the same frequency as the "stand-
ard frequency signal" just transmitted and contain a statement of
the frequency. An announcement of the next frequency to be trans-
mitted is then given. There is then a 4 -minute interval while the
transmitting set is adjusted for the next frequency.

Information on how to receive and utilize the signals is given in
Bureau of Standards Letter Circular No. 171, which may be obtained
by applying to the Bureau of Standards, Washington, D. C. Even
though only a few frequency points are received, persons can obtain
as complete a frequency meter calibration as desired by the method
of generator harmonics, information on which is given in the letter
circular. The schedule of standard frequency signals is as follows:

RADIO TRANSMISSIONS OT STANDARD FREQUENCY; SCHEDULE OF FREQUENCIES IN KILOCYCLES

Eastern Standard Time March 20 April 22 May 20 June 20 July 22
10:00-10:08 P.M. 1500 4000 125 550 1500
10:12-10:20 1700 4500 150 600 1700
10:24-10:32 2250 5000 200 700 2000
10:36-10:44 2750 5500 250 800 2300
10:48-10:56 2850 6000 300 1000 2700
11:00-11:08 3200 6500 375 1200 3100
11:12-11:20 3500 7000 450 1400 3500
11:24-11:32 4000 7300 550 1500 4000
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Institute Meetings

ATLANTA SECTION

The Atlanta section held a meeting February 8th in the Federal
Building, Atlanta, Georgia, presided over by W. Van Nostrand,
chairman. There was an attendance of twenty-seven members.

J. K. Clapp, of the General Radio Company, presented a paper
entitled, "A Convenient Method for Referring Secondary Frequency
Standards to a Standard Time Interval." This paper was published
in the February, 1929, issue of the PROCEEDINGS.

BUFFALO -NIAGARA SECTION

The February meeting of the Buffalo -Niagara section was held at
the University of Buffalo, Buffalo, N. Y., on February 14th. L. C. F.
Horle, chairman, presided. Fifty members attended.

The following papers were presented: "Gain Measurements at
Amateur Band Frequencies," by F. A. Lidbury ; "Resistance Measure-
ments at Broadcast Frequencies" by Alton Velia ; and "Design and
Construction of Beat Frequency Oscillator," by G. Edgar Stone. A
general discussion followed the presentation of these papers.

CLEVELAND SECTION

The Cleveland section held a meeting in the Case School of Applied
Science, Cleveland, Ohio, on February 28th. Bruce W. David, chair-
man of the section, presided. Fifty-five members attended.

0. T. Mcllvaine presented a paper, "Vacuum Tubes-New
Developments and Problems," describing a new rectifier tube which
converts 110 -volt alternating current to 220 -volt direct current without
a transformer. Two separate anodes and heater type cathodes are
enclosed in the tube which fits a standard 227 -type socket. The heater
elements are supplied from a 6 -volt source of alternating current or
direct current. A general discussion followed the presentation of this
paper.

Los ANGELES SECTION

On February 18th the Los Angeles section held a meeting in the
Elite Cafe, Los Angeles, California. T. F. McDonough, chairman,
presided. Sixty-four members attended the meeting.

R. B. Parrish and G. D. Ellis presented short informal talks on
"Sound Recording As Applied To Motion Pictures" and "Photophone
System of Sound Recording." A general discussion followed.
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NEW YORK MEETING

On March 6th a New York meeting of the Institute was held in
the Engineering Societies Building, 33 West 39th Street. Alfred N.
Goldsmith, Past President, presided in the absence of President Taylor.

G. L. Beers, of the Westinghouse Electric and Manufacturing
Company, presented a paper by W. L. Carlson and himself entitled
"Recent Developments in Superheterodyne Receivers."

Following the presentation of this paper, which was published in the
March, 1929, issue of the PROCEEDINGS, it was discussed by Messrs.
Beers, Goldsmith, MacDonald, Jones, Murray, and others. Four
hundred and twenty-five members of the Institute and their guests
attended this meeting.

PHILADELPHIA SECTION

The Philadelphia section held a meeting on February 19th at the
Franklin Institute, Philadelphia, Pa. J. C. Van Horn, chairman,
presided. Twenty members of the section attended the meeting. J. K.
Clapp, of the General Radio Company, presented a paper, "A Con-
venient Method for Referring Secondary Frequency Standards To A
Standard Time Interval." This paper was published in the February,
1929, issue of the PROCEEDINGS.

Messrs. Miller, Synder, Van Horn, and others participated in the
discussion which followed.

PITTSBURGH SECTION

J. K. Clapp, of the General Radio Company, was the 'speaker
at the Pittsburgh section meeting, which  was held February 21st
in the Fort Pitt Hotel, Pittsburgh, Pa. W. K. Thomas presided and
twenty-two members of the section attended.

The paper, "A Convenient Method for Referring Secondary
Frequency Standards to a Standard Time Interval," which was
presented by J. K. Clapp, was published in the February issue of the
PROCEEDINGS.

Messrs. McKinley, Hitchcock, Harmon, Mag, Thomas, and Allen
participated in the discussion which followed.

SAN FRANCISCO SECTION

The San Francisco section held a meeting February 13th in the
Bellevue Hotel, San Francisco, Calif. Donald K. Lippincott, chair-
man, presided and fifty-one members of the Institute attended.

Haraden Pratt, Chief Engineer of the Mackay Radio and Telegraph
Co., presented a paper, "Radio Communication in the Field of Aero-
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nautics." The paper told of the development of beacon reception on
airplanes, starting with the trailing wire antenna. The difficulties with
this type of antenna were told, and the inaccuracies in direction pointed
out. A description of the transmitters used to give beacon signals was
given, and the final development of a two -reed indication receiver was
explained. Field intensity curves for the beacon transmitters were
shown, and the variation of this curve by variation of phase angle be-
tween two loops or transmitters was explained. The vertical pole an-
tennas were described as being very true in directional qualities, and
in utilizing the field of the propagated wave night effects were elimi-
nated. The shielding of ignition, including spark plugs, was described.
A general discussion followed the presentation of this paper.

Chairman Donald K. Lippincott announced the appointment of the
Publicity, Meetings and Papers, and Membership Committees.
Arthur H. Halloran was appointed chairman of the Publicity Com-
mittee, and Preston Allen and John L. Tustin, members; Benjamin E.
Wolf, chairman of Meetings and Papers Committee, with George T.
Royden.and Philo T. Farnsworth, members; and Bernard H. Linden,
chairman of the Membership Committee, with William P. Bear and
Clifford J. Dow, members.

TORONTO SECTION

On February 20th the Toronto section held a meeting in the
Electrical Bldg., University of Toronto, Toronto, Canada. A. M.
Patience, chairman of the section, presided. Fifty-four members
attended.

J. H. Thompson, Chief Engineer of the Canadian Marconi Co.,
Montreal, presented a paper, "Marconi Beam System." The system of
transmission and reception were explained, and methods of feeding the
aerial and of concentrating and directing the beams were explained in
detail. The illustrated slides showed the Beam Stations at Drum-
mondville and Yamachiche, Province of Quebec. Messrs. Mott, Rose -
burgh, Patience, and others participated in the discussion which fol-
lowed.

WASHINGTON SECTION

The Washington section held a meeting February 14th in the
Continental Hotel, Washington, D. C. F. P. Guthrie, chairman,
presided. Sixty-five members and guests attended the meeting.

J. K. Clapp, of the General Radio Company, presented a paper,
" A Convenient Method of Referring Secondary Frequency Standards
to a Standard Time Interval." This paper was published in the
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February, 1929, issue of the PROCEEDINGS. August Hund and others
entered into the discussion which followed.

Committee Work

COMMITTEE ON ADMISSIONS

At the March 6th meeting of the Committee on Admissions the
following members were present: R. A. Heising, chairman; H. F.
Dart, A. F. Van Dyck, E. R. Shute, J. S. Smith, and B. W. David,
chairman of the Cleveland Section. The Committee considered
thirty-nine applications for transfer or election to the higher grades of
membership in the Institute.

COMMITTEE ON MEMBERSHIP

A meeting of the Committee on Membership was held in the
Institute office on March 6th with attendance as follows: H. B.
Coxhead, acting chairman; J. C. Stroebel, Jr., A. F. Murray, and F.
R. Brick.

The Committee considered in detail a memorandum circulated by
Mr. Coggeshall, chairman, outlining a very progressive program of
work for 1929.

The Committee particularly solicits correspondence from out of
town members to secure the benefit of the points of view of members
throughout the entire world. It is felt that the growth of the Institute's
membership can be materially assisted if members will endeavor to
bring the Institute and its aims and activities before prospective mem-
bers whenever an occasion presents itself.

COMMITTEE ON SECTIONS

The first meeting of the 1929 Committee on Sections was held
in the Institute Office at 5:00 P.M. on Wednesday, March 6th. The
following were present: E. R. Shute, chairman, Austin Bailey, L. A.
Briggs, A. F. Murray, Q. A. Brackett (of the Connecticut Valley
Section), B. W. David (of the Cleveland Section), and C. J. Porter,
Assistant Secretary.

The Committee discussed the Section meeting program for the
1929 Convention. The Committee initiated the revision of the "Section
Manual" which was prepared several years ago for the benefit of per-
sons interested in the organization of Sections.

In detail the Committee considered correspondence with persons
in five territories in which it was thought that Sections might be
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organized. It is anticipated that the majority of these prospective
Sections will be in operation before the end of the year.

COMMITTEE ON MEETINGS AND PAPERS

A meeting of the Committee on Meetings and Papers was held at
9:30 A.M. March 6th in the Institute Office, 33 West 29th Street. Those
present were K. S. Van Dyke, chairman; W. G. Cady, Wilson Aull,
Ralph Batcher, Edgar Felix, Virgil Graham, J. W. Horton, W. H.
Murphy, Greenleaf W. Pickard, R. H. Ranger, Julius Weinberger,
W. Wilson, B. E. Shackelford, W. C. White, and H. F. Olson.

The Committee discussed the relation between the Board of
Editors and the Committee on Meetings and Papers. A subcommittee
to prepare a code of the Committee on Meetings and Papers was
appointed. This Committee personnel is W. C. White, chairman;
B. E. Shackelford, W. G. Cady, and K. S. Van Dyke.

To arrange for the programs of New York meetings of the Institute
a subcommittee of the Committee on Meetings and Papers was
appointed as follows: W. Wilson, chairman; F. H. Kroger and John
M. Clayton.

The Committee read and approved the tentative program of the
technical portion of the 1929 Convention.

Correction

Through typographical error in connection with the publication
of the paper "Reception Experiments in Mt. Royal Tunnel" in the
February, 1929, issue of the PROCEEDINGS, the positions held by two
of the authors were incorrectly listed. A. R. McEwan should be listed
as Director of Radio Department of the Canadian National Railways;
G. W. Olive as Radio Engineer, Department of Radio, Canadian Na-
tional Railways; and J. H. Thompson as Chief Engineer of the Cana-
dian Marconi Company.

Personal Mention

William K. Aughenbaugh, formerly operating engineer at Station
WFBG at Altoona, Pa., has recently become control room operator of
Station WLW in Cincinnati, Ohio.

L. F. Jones, 3d, has been transferred from the Schenectady Radio
Engineering Department of the General Electric Company to the
same department of the General Electric Company at Oakland, Cal.
Mr. Jones is engaged in short-wave development work.
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Louis E. Kearney has recently resigned from the Photo Radio
Laboratory of the Radio Corporation of America at New York City to
become Radio Inspector for the Port of Philadelphia, replacing John
E. Leitch, who is now Chief Engineer for Station WCAU of the
Universal Broadcasting Company.

Paul J. Schwarzhaupt, formerly with the Radio Department of
Spear and Company of New York City, is now in the Radio Engineer-
ing Department of the General Electric Company at Schenectady,
N. Y.

Elmer L. Brown has resigned from the California Victor Distribut-
ing Company to assume a position with the Engineering Division of
the Technical and Test Department of the Radio Corporation of
America in New York City.

Leonard F. Fuller, member of the Board of Direction of the
Institute in 1928 and formerly Chairman of the San Francisco Section,
has resigned from the General Electric Company at San Francisco,
where he was engaged in carrier current work and application of high -
voltage high -frequency equipment in the light and power industry, to
become executive vice-president of the Federal Telegraph Company in
charge of that organization's affairs on the west coast. Dr. Fuller's
headquarters are at Palo Alto.

Dan T. Fernandez has left the Stewart Warner Speedometer
Company of Chicago to become audio engineer for the Day Fan Elec-
tric Company of Dayton, Ohio.

L. T. Newell, of the U. S. Lighthouse Service, has been transferred
from Washington, D. C. to the Airways Communication Station at
Bellefonte, Pa., as operator in charge.

0. H. Caldwell, formerly a member of the Federal Radio Commis-
sion, hail returned to New York City to resume his position as Editor of
Radio Retailing and Electrical Merchandising.

Robert Hertzberg, for the past two and one-half years managing
editor of Radio News magazine, has resigned that position to join the
staff of the Pilot Electrical Manufacturing Company of Brooklyn.

I. G. Maloff, formerly associated with John Minton at White Plains,
N. Y. in consulting work, is now vice-president and in charge of
engineering for Valley Appliances, Inc., of Rochester, N. Y.

Carrington H. Stone is now associated with Jenkins and Adair
of Chicago, Ill., working on talking motion picture and public address
system problems. Mr. Stone was formerly assistant chief engineer of
the Radio Division, Stewart -Warner Speedometer Corporation,
Chicago, Ill.
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Transferred to the Fellow Grade
New York New York City, 67 Broad Street Pratt, Hsraden

Elected to the Fellow Grade
Italy Rome, Via Tevere No. 20 Peesion, Guiseppe

Transferred to the Member Grade
New Jersey Boonton, Radio Frequency Laboratories.... ......Loughlin, W. D.

Elected to the Member Grade
Connecticut Hartford, 221 Holcomb St
Oklahoma Ponca City, 604 Marland Drive
England Cornwall, Bodmin, Radio Beam Station

Bourne, Roland B.

St ru
Wyctherskoff, Ral

G. A.
D.
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Elected to the Associate Grade
Alabama Mobile, c/o Adams Glass and Co., Inc Blakeney, George H., Jr.
Arkansas Little Rock, 214 West 4th Street Bilheimer, Joe Allen
California Burbank, 320 No. Tujunga Ave. Hernfeld, Frank P.

Glendale, 202 East Broadway Mitchell, G. A.
Monterey, 460 Alvarado Street Newman, Clarence D.
Oakland, 1609 Grand Avenue Wild, Sidney J.
Pasadena, 230 South Hudson Avenue Taylor, Kenneth
San Francisco, 328 Custom House Kellogg. Frank L.
San Francisco, 9 Duncan Street Pinkney, J. L.
San Pedro, USS California, Box 17, c/o Postmaster Hart, Clyde Armand
Stockton, 543 So. California Street Green, Alfred H.

Connecticut .New Haven, 104 Lake Place Gounarides, A. D.
New Haven, 1523 Chapel Street Rhoades, A. L.
Waterbury, Y. M. C. A Knowlton, John J.

Dist. of Columbia Washington, Radio Laboratory, Bureau of Standards Doherty, William H.
Washington U. S. Naval Research Laboratory Wallace, James D.

Florida Fort Myers, 1138 Franklin Street Johnson, Carl C.
Jupiter, Box 158 Miller, Joseph Anthony
Winter Park, Hamilton Hotel Emerson, John

Georgia Atlanta, 912 Candler Bldg. Hobart, James C.
Atlanta, Box 1593 McKinney, Joe H.
Fort Benning, P. 0. Box 615 Sosbee, Frank S.

Illinois Brookfield, 126 So. Vernon Avenue Courter, H. L.
Chicago, 4849 No. Lawndale Avenue Eppstein, Ralph M.
Chicago, 4514 B. N. Ashland Avenue Frederick, William J.
Chicago, 1450 Argyle Street Hitsenhammer,

Anthony de V.
Chicago, 4747 Kenmore Riggs, John T.
Wilmette, 1025 Sheridan Road Freis, J. H.

Louisiana St. Francis, P. 0. Box 232 Harris, David H.
Maine Houlton, P. O. Box 69 Willes, Emerson T.

Portland, 56 Lafayette Street Giro, Daniel J.
Maryland Baltimore, 1611 Lexington Bldg Mathers, Earl S.
Massachusetts Boston, 160 W. Brookling Street Nelson, Robert Neil

Cambridge, 57 Gorham Street Shen, S. Z.
Northampton, 126 Franklin Street Mettey, Bradford Joseph
Quincy 100 Bay View Avenue Renton, Ralph James
South Dartmouth, M. I. T., Round Hills Houghton. Henry G., Jr.

Nlichigan Ann Arbor, 304 S. Fifth Avenue Allen, Roy B.
Ann Arbor, 423 Fuller Street Embury, Milburn S.
Ann Arbor, 402 N. Main St MacCaffray, R. S., Jr.
Ann Arbor, 403 S. Fifth Avenue Martin, J. Faber
Ann Arbor, 109 Packard Street Pickett, Willis N.
Ann Arbor, 1668 Broadway Richmond, Clifford A.
Ann Arbor, 1108 Michigan Avenue Wilber, Harold
Birmingham, 33 Linden Road &eters, Raymond A.
Detroit, 3403 Cicotte Tomchuck, John
Fordson, 5615 Horger Avenue Knight, Donal4 M.
Oxford Capron, E. S.

Missouri St. Louis, 3727 Juniata Street Ruddy, Ralph P.
University City, 8224 Fairham Avenue Tevis, Graham L.

New Jersey East Orange, 5 Eppirt Street Somers, Richard M.
Jersey City, 241 Van Vont Street Benin, Zolmon
Keanburg, 389 Palmer Avenue Herrmann, Edwin
Orange, 459 Hepwood Avenue Harris, Gwin C.

New York Brooklyn, 400 Lincoln Place Rojas. Fernando R.
Jamaica, 12 Allen Street Yenoli, Dominick J.
New York City, City Island, Harlem Yacht Club Appel, Henry W.
New York City, 1160 Bryant Ave., Bronx Atkin, Robert
New York City, 2510 Davidson Ave., Bronx Bond, Elmer Frederick

619



620 Geographical Location of Members Elected March 6, 1929

New York (eont'd) New York City, 411 Fifth Avenue Frank, James, Jr.New York City, R. C. A., 70 Van Cortlandt Park So Georghegan, EamonnNew York City, 3985 Saxon Avenue, Bronx Hall John N.
New York City, R.C.A. 70 Van Cortlandt Park So Hardin, L. L., Jr.New York City, 814 East 160th St., Bronx e/o

Rosenfeld Hockner, CurtisNew York City, 411 Fifth Avenue Hulan, A. G.New York City, 2175 Walton Ave., Bronx Knights, Alexander H.New York City, 117 West 89th Street Lawrence, Walter L.New York City, 55 West 95th Street Levy, A. KingdonNew York City, 26 Broadway, Room 560 Marshall, Floyd WardellNew York City, 50 Church Street, Room 1472 Patterson, JohnNew York City, 33 West 60th Street Perryman, G. H.New York City, 40 Rector St., 0/0 British Marine
Wireless Service VeraIls, J. MaynardPort Jefferson, L. I., 119 Thompson Street Ernst, Murray C.Rensselaer Falls Stiles, John L.Richmond Hill, L. I., 8640 -110th Street Brothers, James T.Riverhead, Box 1133 Stagg, CarlRochester, 490 Ames Street Melchiors, Franta Anagar

Rochester, Columbus Apts., No. 605 Steneri, Arthur John
Schenectady, General Electric Co., Radio Eng. Dept.Jamee, WallaceSchenectady, 337 Summit Ave Short, Donald WilliamSyracuse, 117 Henry Street Pierson, Theodore
Whitestone Greens, 149 -20 -23rd Ave Lederhaus, Herman Wm.Woodhaven, L. I., 8637 -77th St Stellwagen, Frank W.Ohio Athens, 291 East State Street Green, Darrell B.
Cincinnati, 3838 Columbia Ave. Rice, ClarenceColumbus, 90 West Northwood Ave Anderson, J. E.Toledo, 3255 Cottage Avenue Sparaga, Leo L.Oklahoma Lawton, 309 Dearborn St Newsom, Theo.Tulsa, 2044 East 12th Place Murphy, Paul L.Tulsa, 504 Mary Brockman Apta. Stinson, Lawrence W.Pennsylvania Allentown, 1015 Allen Street Heimbach, Charles W.Allentown, R. F. D. No. 2 Jones, Robert B.Allentown, 712 St. John St Pond, Edward W., Jr.Bangor, 28 Market St. Bruschi, Lewis JohnBath, Walnut Street Graver, Frank S.Bethlehem, 520 W. Broad St. Hottel, C. W.Carnegie, No. 1 Rosalyn Road Yoder, Leo E.Danville, 211 Church Street Deaner, Haydn M.Darlington Rohrmann, Edward R.Easton, 801 Cattell St. Beans, Floyd L.Frackville, 320 Middle St Horwat, Peter
Philadelphia, Philo. Storage Battery Co Hyatt, C. Brown
Philadelphia, 64 Ashland Ave., W. ManaYunk Sweeney, Harold V.
Pittsburgh, N. S., 316 North Ave., W. Bower, Richard
Pittsburgh, 5915 Alder St., E. E Rafferty, Charles H.Quakertown, 142 So. 3rd St. Bartholomew, Robert G.Texas Sherman, 217 N. Travis St Morris,Truman S.Wichita Falls, 917 Scott St Ridling, Cerro! W.Washington Everett, 2412 Summit Ave White, KeithFerndale, Box 585 Legoe, Herbert S.Seattle, 801 Dexter -Horton Bldg Albert, J. H.West Virginia Wheeling, 502 So. Front St Thomas, W. RaymondWheeling, 1229 Main St. Weis, F. J.British West Indies Jamaica, Gregory Park P. O. Morales, Seymour J.Canada Aurora, Ontario, C. F. It. B Sharp, ValentineToronto, 4. 588 Bathurst St. Brown, Alvin H.
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FREQUENCY MULTIPLICATION BY SHOCK EXCITATION`

BY
E. A. GUILLAMINi AND P. T. RUMSEY2

('Department of Electrical Engineering, Massachusetts Institute of Technology, Cambridge, Mass.
'Department of Electrical Engineering, University of Missouri, Columbia, Mo.)

Summary-The fundamental principles involved in the theory of frequency
multiplication by means of iron -core coupled circuits are briefly reviewed from the
standpoint of Fourier analysis as well as that of recurring transients. Oscillograms
and figures illustrating the effect of transformer inductance and shock duration upon
wave form are given. Oscillations of the first and second kind are discussed in theit'
relation to the analogous arc circuit problem. Efficiency and power output are con-
sidered in their dependence upon primary and secondary current amplitude, and
the conditions for smoothest wave form and maximum efficiency are painted out.

19 HE method of frequency multiplication discussed in this paper
makes use of the fact that if a non -harmonic voltage is impressed
upon a simple oscillatory circuit, the response will reach a

maximum whenever the natural frequency of the circuit coincides with

one of the harmonics contained in the impressed voltage. If the latter
is highly distorted, i.e., contains large harmonic components, then the
response of the oscillatory circuit will of course also be appreciable.
The circuit arrangement which produces this distorted voltage and
impresses it upon an oscillatory mesh is given in Fig. 1. The.transfor-.
mer inductance Le is small compared with L,. Hence if Liand C1 are
tuned to the machine frequency, the primary circuit will be practically
in resonance, and the current will be nearly sinusoidal regardless of
the saturation effects in the transformer. The latter is so designed that
saturation sets in at a current value considerably below the primary
maximum, so that the induced voltage is highly distorted. This is
the voltage which is impressed upon the secondary tuned circuit, thus
giving rise to frequency multiplication.

This arrangement has been investigated both theoretically' and
experimentally in the past, but the present paper proposes to throw
light upon some of the features involved which have not yet been
fully appreciated. Some of these are: the effect of the duration of shock
upon response and wave form; the production of frequencies which are
even multiples of the fundamental; oscillations of the first and second
kind and their analogy to the case of frequency multiplication by
means of arc circuits; the effect of shock duration upon efficiency; etc.

' Dewey decimal classification: R146. Original manuscript received by
the Institute, December 19, 1928.
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A rigorous mathematical theory based upon assumptions elaborated
below has been given' for this type of circuit, and consequently will not
be reproduced in its entirety here. We shall rather limit ourselves to a
brief review of the method of attack and some of its consequences for
the purpose of gaining for the reader a better orientation in the present
picture so that he may follow without difficulty the arguments which
are presented to clarify the particular phenomena offered in this paper.

We have called this method of frequency multiplication (following
the suggestion of other writers on this subject) the method of shock
excitation. It might also be called the method of filtering harmonics,
as will easily be appreciated by the reader from the remarks made in
the opening paragraph. The difference in these two ways of designating
the same phenomena lies in a fundamental difference in the mathema-

Fig. 1-General Circuit Arrangement.

tical method of attack, of course, and has no counterpart in the actual
physical mechanism involved. Since each way of looking upon the sit-
uation possesses some distinct advantages in the nature of illuminating
certain features of the general problem, both will be presented below,
at least in fundamental outline.

The basic simplifying assumptions, by which the mathematical
attack is made possible, are the same for both methods. First we ideal-
ize the magnetization curve as shown in Fig. 2, i.e., the slope is
assumed constant between the saturation points, and zero above these.
Although this rather strong idealization may seem to depart too
radically from actual fact, it nevertheless retains (and even accen-
tuates) those features which are the very essence of our problem, thereby
amplifying the points of chief interest. Our second basic assumption
is that the primary current varies linearly with time throughout the
interval in which the transformer is below saturation. Since the
primary current is sinusoidal, and its maximum large compared with
iut, this is nothing more_than replacing sin x by x for small values of
the latter.

1 "Zur Theorie der Frequenzvervielfachung durch Eisenkernkoppelung,"
Archie. fur Elektrotechnik, Band XVII, 1926, Heft 1, S. 17.
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Our first assumption obviously causes the induced voltage in the
transformer to be zero unless the flux is below the saturation value, and
the second assumption gives this induced voltage a constant value dur-
ing the period below saturation. This induced voltage therefore, which
is the internally generated voltage for the secondary circuit, takes the

H os

Fig. 2-Idealized B -H Relation.

form shown in Fig. 3. It is a periodic succession of rectangular impulses
with the same period as that of the generator in the primary circuit.

This internally generated voltage is impressed upon a very peculiar
circuit, however, and it is just this peculiarity which accounts for
numerous anomalies to be pointed out later; namely, the inductance of
the secondary circuit is not a constant, but equal to L2+ L, so long as

Fig. 3-Resulting Induced Transformer Voltage Plotted with Symmetrical
Time Origin for Simplification of Fourier Expansion.

the transformer is below saturation, and L2 above saturation, because
here Le is zero due to the zero slope of the magnetization curve. These
discontinuities in the secondary circuit inductance coincide in time
with those of the voltage of Fig. 3. From the mathematical standpoint
they complicate the situation exceedingly. From the physical stand-
point they cause the secondary circuit to have a periodically -changing
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natural frequency and hence a bad wave form. In order to get a fairly
smooth secondary wave, L2 should be large compared with Le-as
large as the rest of the design will allow. Incidentally this large second-
ary inductance reduces the damping constant also, and improves the
wave form due to somewhat suppressed attenuation, as will be seen
later. In order to gain a first approximation to our solution, let us
neglect L, in the secondary for the moment and assume the voltage of
Fig. 3 impressed upon a circuit of constant R, L, and C. After having
familiarized ourselves with this simpler problem, we can then introduce
the discontinuous secondary inductance and discuss its general effect.

So far we have said nothing at all about method of attack. The
first of these, which suggests itself immediately upon glancing at the
voltage of Fig. 3, is to represent this voltage by a Fourier series and
operate with it as the impressed electromotive force upon the secondary
oscillatory circuit with R2, L,, and C2. Viewed from this angle, the
method of frequency multiplication becomes one of filtering out
harmonics contained in the distorted voltage wave.

There is, however, another very logical method of attack which
suggests itself from the analogy between an electrical oscillatory circuit
and the mechanical pendulum. If we were to subject an ordinary
pendulum to periodically repeated pushes of short duration, we could
obviously keep the system in motion in spite of its attenuation resulting
from frictional forces. If the direction and frequency of the pushes or
shocks were judiciously chosen with regard to the pendulum's own
natural period, then the resulting amplitude in the steady state could
reach large values. If, on the other hand, the frequency and direction
of the repeated shocks were injudiciously chosen, the result would be
one of misdirected effort and the amplitude attainable would be corres-
pondingly small.

In an electrical oscillatory circuit a suddenly applied force produces
damped oscillations. The same are produced by a suddenly relin-
quished force. We call these transient effects. If we repeat the same
applications periodically we shall eventually arrive at a steady-state
phenomenon which consists of a series of periodically recurring tran-
sients. Viewed from this angle, the present problem of frequency
multiplication appears to be due to shock excitation, which is probably
the term more commonly used to designate this method.

Having thus oriented the reader in our problem, we shall proceed to
sketch the mathematics involved in the two methods of attack given
above.

Using the notation illustrated in Fig. 3, we assume for the impressed
voltage the following Fourier series in complex form :
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+op

e(t) = Ek a keiL (1)

in which e(t) is the instantaneous secondary voltage at time t. Taking
the origin of time as indicated in the figure, we find according to Fourier:

2j E sin ke-
2

ak = ( (k+1)/2

irk
(2)

with k restricted to odd integer values. We shall call e the breadth
factor. It varies between zero and unity as the breadth of the shock
varies between zero and a half -period of the fundamental. Putting
e =1 in (2) we get:

-2jE
(ak).-, =

irk

which is the well-known coefficient for the square wave. The differen-
tial equation for the secondary circuit is

di 1
/42dt

C2
Rzi -F- f idt = e(t) . (3)

The steady-state solution (particular integral) must be of the form
-1-°°

i= Ek bke, 46". (4)

Substituting (1), (2), and (4) into (3) and equating coefficients of like
frequency, we see that

where

ak
bk =-

1/k

1 1
1Zk= R2 +i L2kCI)

C2kco f

(5)

(6)

The Fourier solution for this simple case is thus complete. Equation
(6) we recognize as being a resonance denominator. Resonance to a
given harmonic occurs when

If we define

1
L2kco=

C2Isto

2 1

q20 =
L2C2

(7)
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as the squared undamped secondary angular velocity, and

q20no =-
co

(8)

as the undamped frequency multiplication, then the resonance con-
dition obviously becomes

no=k . (9)

Hence we should get a maximum response in the secondary whenever
it is tuned to an odd multiple of the primary, the resonance amplitude
being given by

ak

R2

For practical comparisons it is necessary to find the effective value of
the secondary current. We have by the usual definition:

2arha

iefi2 =_ i2dt.
2ir o

(10)

In forming the square of the current we shall use (4) twice, with differ-
ent summation indices, to avoid confusion. We get

co 2r/w +a) +co

27ieff2

, Ek bkeik.t  E. bie) kw tdt
o -. --.
+.0=

-co Eks b kb. fo2r/ce i-"e)(kgdt .
27 -co

Here all integrals vanish except those for which k = - s. Hence we get
+0.

ieff2= Ek bkb-k (11)

But b_ k is the conjugate of bk so that

b kb k = I bk I 2,

and thus

But from the preceding:

ao

iert2= 2 Ek I bk I 2
1

bk I 2=
7r2k2(R22-1-X1,2)

4E2 sine ke-
2

(12)

(13)
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with the substitution

Hence

1
X k = L2kW

sin' ice -
8E2 2

jeff2=____ Ek
1,8.5...

k2(R22+Xk2)

(14)

(15)

The above summation can be carried out and the expression for the
effective current put into a closed form which is more useful for pur-
poses of calculation than the infinite sum. We shall close our discussion
of the Fourier method of attack with this brief outline and pass on to
the more interesting shock -excitation method.

This method we shall also merely sketch briefly here. It is discussed
in detail in the paper already cited. Let us review the simple transient
problem involved. We know that the damped oscillations which take
place in a circuit with Rs, L2, C2 in the absence of driving forces may be
represented analytically by the form:

ib=lm{Be'"'} (16)

where /m denotes that the imaginary portion be taken, B is a complex
amplitude which takes care of phase relations, and

m= - -1-jqg
R2

a=
2L2

q2= Vq02 a2

1
(102 =

L2C2

(17)

Equation (16) includes the rest condition for which B=0. If a con-
stant emf is impressed, or more generally, if a constant impressed force
is suddenly changed by an amount AE, then the form of the oscillation
is unaffected-its amplitude merely changes in magnitude and phase.
The frequency and rate of damping must of necessity remain unaltered.

Suppose now that our circuit is oscillating according to (16) before
a certain instant which we choose to call t = 0. At t =0 we suddenly
change the impressed force by E. After t =0, the oscillation will be
given by

i.=/m{Ae"'} . (18)
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At the instant t= 0 we have to satisfy two conditions. First, the
current must be continuous. This gives us

/m1/31 =bnIA 1,
or if we write

we get

B=B1+j B2

A = At-FjA2

A20= B20

the subscript zero relating to the instant 1=0.

(19)

(20)

Fig. 4-Vector Relations in the Gaussian Plane for the Shock -Excitation
Method of Attack.

Secondly, the discontinuity in the induced voltage must equal
AE, i.e.

Substitution gives

id is \ AB
=

dt t -o \ at Lo

AE
2110= B10+

1/2q2

Combining (20) and (21) we have
AE

A = B0-1-
L n2,2

(21)

(22)

Hence the amplitude after the disturbance equals the amplitude before
the disturbance plus a real quantity which is proportional to the
magnitude and direction of the_sudden change in the constant applied
force. Equation (22) is illustrated in the Gaussian plane by Fig. 4.
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The instantaneous value of current equals the projection of these
rotating and decaying vectors upon the vertical axis. At the instant
AE occurs the current has some value. It cannot change instantly,

and hence the instantaneous change in the vector amplitude can be

only in a horizontal direction as shown. This will give rise to an
instantaneous phase shift 4), which will be zero only when Bo is in a

-i 8 H
ar

Fig. 5-Induced Transformer Voltage with Time Origin Chosen to Fit Shock -
Excitation Method.

horizontal position. It is easy to see also that this phase shift may be in

either direction, depending upon the direction (algebraic sign) of 41E.

Also Ao need not always be larger than Bo as a result of a suddenly

applied (positive AE) emf. The amplitude can equally well be increased

by suddenly removing an emf provided this is done at the proper

instant. We shall let the reader illustrate these points for himself.

Fig. 6-Shock -Excitation Method Applied to Case Neglecting Transformer

Inductance.
e is chosen equal to 0.075; frequency multiplication equal to 7.0.

Our problem of handling the applied voltage of Fig. 3 for the oscilla-

tory circuit R2, L2, C2 is now very simple. During each fundamental

period we have four sudden changes in voltage to consider, viz: The

voltage jumps from zero to a constant value E and remains there for

the duration of the shock; at the end of the shock duration it suddenly

drops to zero and remains there until the advent of the negative shock;

at this time it suddenly jumps to the constant negative value - E;

and finally at the end of the negative shock it again drops back to zero
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and remains there until the beginning of the next fundamental period
when the same sequence recurs.

We shall determine those amplitudes in magnitude and phase which
obtain in the steady state. Here obviously the negative fundamental
half -period must be an exact -negative duplicate of the preceding posi-
tive fundamental half -period. Hence only one fundamental half -period
need be considered. This half -period we shall divide into two parts.
The duration of the shock we shall call the "coupling -period," because
actually during this time the primary and secondary meshes are coupled
with each other by the transformer mutual inductance. The remainder

3

\
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\
\
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Fig. 7-Theoretical Relation between n and a for Case of Neglected Transformer
Inductance.
Intersections of full lines give rise to maxima, those of dotted lines to min-
ima.

of the half -period we shall call the "period of free oscillation," because
here the secondary circuit is virtually free to oscillate by itself due to
the fact that the transformer is above saturation and its mutual
inductance zero (according to our idealization of the B -H curve).

The steady state will be a succession of damped sinusoids whose
amplitudes and phases change discontinuously at the boundaries of
the coupling period and the period of free oscillation. Let us take the
beginning of a positive shock as a time reference, i.e., as a reference
for amplitudes and phases of the secondary current. Then if we denote
the coupling period by the subscript k, and the period of free oscillation
by the subscript a, the periodicity of the steady state demands that
at the beginning of the shock
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E
Leas = I k

112(12

and at the end of the shock

(23)

E
I kemk = I ow" (24)

Li2q2

where the quantities are as defined by (17) or illustrated by Fig. 5.
This pair of equations is easily solved for the amplitudes giving:

E 1+e"°
I k=

1-12q2 1+ ern,

E 1- e -'"kI =
L2q2 1-Feme

These amplitudes are of course complex and can be written

1k= I lk I eige

/. = /, eigla f
where r and 5 are the time phases.

The pair of equations (25) completely solve the case for the type of
voltage illustrated by Fig. 5 applied to an oscillatory circuit with
constants R2, L2, and C2. Fig. 6 serves to illustrate the application
of these equations to an arbitrarily chosen case with a breadth factor

e =
0

q 2= 0 075 and a frequency multiplication n= 71 = 7. The scale

is immaterial since we are not interested in quantitative values here.
The quantities D, and 412 are the sudden changes in current amplitude.
At the left we show the diagram of rotating and decaying vectors;
at the right, the corresponding time plot.

It is interesting to note that the sudden drop in voltage is as effec-
tive in increasing the amplitude as the sudden rise, and that the dis-
continuities in the applied voltage alone produce an increase in ampli-
tude. Whether the discontinuities produce amplitude changes (Ai
and A2) which increase or decrease the absolute magnitude of the cur-
rent depends upon the phases qtr and q25 as can readily be seen from the
figure. These 'phases naturally depend upon the values of n and e,
so that it is evident that the question of a favorable or unfavorable
result will depend upon these two parameters. Fig. 7 illustrates this
dependence.' The full lines indicate favorable and the dotted lines
unfavorable conditions. The combinations of n and e, corresponding

2 For the derivation of the equations involved here and for further illustra-
tive examples we refer the reader to the reference given above from which the
figures given here are taken.

(25)

(26)
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to the intersection of two full lines, give rise to maximum amplitudes,
and those corresponding to the intersection of two dotted lines give rise

6
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Fig. 8-Theoretical Relation between n and e Taking into Consideration Trans-
former Inductance.
Full and dotted lines have same significance as for Fig. 7.

to minimum amplitudes. If it were possible to show a third (vertical)
co-ordinate for secondary r.m.s. current, then we should have a relief

Fig. 9-Shock-Excitation Method Applied to Case in Which Transformer In-
ductance is Considered.
Condition for maximum secondary response with n ...7.414 and e =0.19.

map, the peaks of which would correspond to current maxima, and
the hollows to current minima. The intersections of a dotted with a
full line would correspond to a saddle point or "ridge." Cross -sections
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of this relief map would show the current variation for constant n
and varying e or constant e and varying n.

An investigation of such cross -sections is interesting from the
following point of view. If we go back to the standpoint of filtering
harmonics then we should expect maxima to occur whenever the secon-
dary is tuned to an odd multiple of the primary, since the Fourier
analysis of the impressed voltage contains only odd harmonics.
However, although this is true, we are very likely to overlook the im-
portance of the effect of e upon the magnitude of the Fourier coeffi-
cients. For instance, with e =2/3 and n =3 we should get a very small
secondary current. With a given circuit and fixed shock duration,
therefore, we should expect to find that certain odd harmonics in the
secondary are very much suppressed as a result of an unfavorable e.

Fig. 10-Transformer Used in Experimental Work.

The picture of the actual state of affairs is still incomplete since we
have thus far overlooked the fact that the total secondary inductance
is not constant. For the shock duration it is equal to the external secon-
dary inductance plus the secondary transformer inductance, and for the
remainder of the fundamental half -period it is equal to the external
secondary inductance alone. This additional feature alters the situation
quite considerably and gives rise to the anomalies which the present
experimental investigation proposed to illustrate.

The method of treating the problem from the standpoint of recur-
ring transients is still applicable to the actual problem with non -con-
stant secondary inductance, but involves-in addition to the transient
set up by the sudden voltage change-also a transient due to the
simultaneous inductance change. The effects of these transients super-
pose to form the net effect.

The application of the result is the same as for the simple case just
treated, and in vector form has the same appearance as shown by Fig. 4.
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The only difference is that the sudden amplitude change A depends not
only upon AE but also upon the change of inductance.* Also the
magnitude of A will not be the same at the beginning as at the end of
the shock. We shall not take the time to go into details here, but prefer
to show the theoretical results and compare them with the experimen-
tal results found in this investigation.

/roma+

allir"e 4

Fig. 11-Primary Current and Transformer Induced Voltage with 110 volts,
60 cycles impressed. Primary current 2 amperes.

Here again the parameters n and e govern the occurrence of maxima
and minima. The plot which corresponds to Fig. 7 for the simple case
is given in Fig. 8. Comparing Figs. 7 and 8 we see that now the maxima
do not occur for odd values of n, but for slightly larger values depend-
ing upon e. Why this should be the case can be seen from Fig. 9,
which illustrates the application to a case where maxima conditions
are fulfilled. Here we see the effect of the higher inductance during
the shock very clearly, in that the half -period there is considerably

Fig. 12-Primary Current and Transformer Induced Voltage with 110 volts,
60 cycles impressed. Primary current 7 amperes.

longer than for the rest of the fundamental half -period. Also the
amplitude is smaller, as it should be, considering that the same induc-
tive countervoltage is here produced with a larger total inductance.
Now, since the frequency multiplication n is taken as the ratio of the
frequency during the period of free oscillation to the fundamental
frequency, it is quite clear that this ratio must now be somewhat
larger than an odd number of half cycles. This is evident from Fig. 9
and needs no further comment.

For the derivation of this case see the reference above.
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As a matter of fact it becomes rather difficult to define the fre-
quency multiplication accurately, since there are actually three
different ways in which this may be done. We could take the ratio of
the frequency either during shock or during the remaining fundamental
half -period to the fundamental frequency, or an average of these two
values as that figure which is to define the frequency multiplication
of the circuit as a whole. However, since the time of free oscillation
greatly predominates over the duration of shock, and since in most
practical circuits the secondary inductance of the transformer is small
compared with the external inductance, it seems most reasonable to
call the free oscillation frequency the secondary frequency and base the
frequency multiplication upon it.

Fig. 13-Secondary Current, Transformer Voltage, and Secondary Inductance
Voltage for Third Harmonic.
Primary current 5.5 amperes, secondary current 2.35 amperes. Condition
of oscillations of the "second kind." Efficiency 51.2 per cent.

With this brief review of the fundamental principles involved, we
are prepared to consider some of the experimental results obtained and
discuss them in the light of the theory.

The circuit used was exactly that shown in Fig. 1. A 60 -cycle
alternator was used as a primary source and the primary inductance
was of the iron -core type, but so dimensioned that its core remained
well below saturation throughout the cycle. The transformer, shown
in Fig. 10, was of the closed magnetic circuit type, and provided with
four windings with taps so that various ratios could be tried out. To
all of the following figures and discussions a 1 to 1 ratio applies.

Since it was desired to vary the duration of shock or the parameter
e, the transformer was first provided with a variable air gap for this
purpose. This method proved very ineffective, however, and e was
therefore varied by means of the primary current amplitude alone.
That this is possible may easily be realized from the fact that with a
small primary amplitude the transformer core remains below satura-
tion for a longer time that it does for a large primary amplitude. This
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is illustrated by the oscillogram Figs. 11 and 12, which were taken with
primary currents of two and seven amperes respectively. This method
of varying the shock duration had the disadvantage of varying the
induced voltage maximum at the same time. This fact could, however,
easily be taken into account in interpreting the results, so that the
method was still perfectly suitable for comparative work.

Fig. 14-Secondary Current, Transformer Voltage, and Secondary Inductance
Voltage for Fifth Harmonic.
Primary current 5.0 amperes, secondary current 1.47 amperes. Condition
of oscillations of the "second kind."

How the secondary period is lengthened during shock, by reason
of the higher total secondary inductance, is' shown by oscillogram
Figs. 13, 14, and 15. Fig. 13 is taken with the secondary tuned to the
third harmonic. At the top is the secondary current, in the center the
secondary terminal voltage, and at the bottom the voltage induced in
the secondary external inductance. Here we see that the half -period

Fig. 15-Secondary Current, Transformer Voltage, and Secondary Inductance
Voltage for Ninth Harmonic.
Primary current 8 amperes, secondary current 0.8 ampere. Condition of
oscillations of the "second kind."

corresponding to the shock duration (total secondary inductance
equal to transformer secondary plus external) is appreciably longer
than the following two periods which correspond to free oscillation
of the secondary (total secondary inductance equal to external only).
The same effect is illustrated for the fifth harmonic in Fig. 14 and for
the ninth harmonic in Fig. 15. We shall refer again to these figures in
connection with secondary voltage distortion.
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In Fig. 9 we have shown a theoretical condition for maximum sec-
ondary response. This condition requires that the secondary half -
period during shock should equal the duration of the shock, and that
the remaining fundamental half -period should be just long enough to
accommodate an even number of half -periods of free oscillation.
In Fig. 16 we show an oscillogram which was taken with these con-
ditions fulfilled for the seventh harmonic. The shock duration is just
right, the result is smooth and regular, and the efficiency and secondary
current are maxima. Incidentally the smoothness of the current can
best be recognized by an inspection of the voltage induced on the
secondary external inductance, since this voltage magnifies any irregu-
larities that may be present in the current.

Fig. 16-Secondary Current, Transformer Voltage, and Secondary Inductance
Voltage for Seventh Harmonic.
Primary current 6 amperes, secondary current 0.88 ampere. Condition of
oscillations of the "second kind," and shock duration adjusted for smoothest
wave form. Note this in the inductance voltage.

What happens when the shock duration is too short is illustrated
by Fig. 17, which was taken with the secondary tuned to the third
harmonic. A shock duration which is too short need not necessarily
give rise to these irregularities, however, as may be seen in Fig. 13,
which is taken for exactly the same primary conditions and hence for
the same shock duration on the basis of no-load conditions. These
features are intimately tied up with the question of oscillations of the
first and second kind.

In order to discuss this point adequately it is necessary to recall
some well-known facts about frequency multiplication by means of
the a.c. arc. The frequency multiplication circuit for the arc is identical
with that shown in Fig. 1 except that the transformer is replaced by
an arc. We know from our arc circuit theory that the voltage produced
across the arc by an alternating current flowing through it is sub-
stantially a square wave. This square -wave voltage is then impressed
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upon the secondary oscillatory circuit which responds to the harmonics
contained in it. This is the same situation as for the case of frequency
multiplication by inductive means with the special condition of a
breadth factor of unity or a shock duration of half a fundamental
period, assuming of course that a breadth factor of unity were pos-

Fig. 17-Secondary Current, Transformer Voltage, and Secondary InductanceVoltage for Third Harmonic.
Primary current 5.5 amperes, secondary current 0.54 ampere. Conditionof oscillations of the "first kind" and shock duration too short for smoothestwave form. Note irregularities in inductance voltage. Efficiency 28 percent. Compare with Fig. 13 for same primary conditions but operationwithin region of oscillations of the "second kind."

sible with the transformer method. The Fourier treatment is identi-
cal for these two problems.

From this similarity it is to be expected that other peculiarities
found in the arc circuit should be recognizable in the magnetic circuit

Fig. 18-Secondary Current, Transformer Voltage, and Secondary InductanceVoltage for Twelfth Harmonic.
Primary current 3 amperes, secondary current too small to read. Phasereversal at point a. Phase reversals must occur when secondary is tuned toeven harmonics.

also. Now we know that in the arc circuit we may obtain oscillations
in the secondary for which the arc current reverses only once for each
fundamental half -period. Such oscillations are known as oscillations
of the first kind. If the secondary current amplitude exceeds a certain
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limit, then the arc current reverses twice in each fundamental half-
period and the result is called oscillations of the second kind. If the
arc current reverses three times, we get oscillations of the third kind,
etc.

An exactly analogous phenomenon takes place in the magnetic
circuit discussed in this paper. Instead of arc current, however, we
have to consider the transformer flux. If n times the secondary current
amplitude is less than or equal to the primary current amplitude
(n being the frequency multiplication and the transformer ratio
unity), then the flux in the transformer core reverses only once for
each fundamental half -period and the resulting secondary oscillations
should be called oscillations of the first kind. If the secondary ampli-

Fig. 19-Secondary Current, Transformer Voltage, and Secondary Inductance
Voltage for Seventh Harmonic.
Primary current 3 amperes, secondary current 0.46 ampere. Oscillations
just within region of "second kind. Transformer voltage shown under
load and no-load conditions to emphasize distortion.

tude exceeds this value, then the transformer flux reverses twice in
each fundamental half -period, and the result should be termed oscilla-
tions of the second kind by analogy to the arc circuit conditions.

Without going into more details we can now discuss the conditions
shown in Figs. 13 and 17. Both are for a frequency multiplication of
three and a primary current of 5.5 amperes. Fig. 17 is taken for a
secondary current of 0.54 ampere, while *Fig. 13 is taken for a secon-
dary current of 2.35 amperes. Hence Fig. 13 represents oscillations of
the second kind, and Fig. 17 oscillations of the first kind. This can
also be seen directly by examining the transformer voltage. In Fig. 17
it is smooth except for the peak, while in Fig. 13 it contains an addi-
tional hump. This additional hump means an additional reversal of
the transformer flux, and hence oscillations of the second kind.
Oscillations of the second kind occur for low secondary resistance
and low attenuation. The effect produced is to broaden the voltage
shock at the base and thus avoid, to a certain extent, the appearance
of secondary current irregularities. Unless the shock duration is
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properly adjusted, therefore, it is desirable from the standpoint of
smoothness to operate in the region of oscillations of the second kind.
We shall later show that maximum efficiency is also obtained at the
point where oscillations of the second kind begin, so that this should
be the operating condition sought after. Figs. 14 and 15 also show
conditions where oscillations of the second kind were obtained.

We have one other interesting point to illustrate by oscillograms,
and that is in connection with the production of even harmonics in
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Fig. 20-N=5. Comparison of Observed and Calculated Results.
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Calculated

4.5 amperes

the secondary. In order to be able to recognize them as such, it will
be necessary to recall the following: it is quite clear that the secondary
current during a negative fundamental half -period must be an exact
negative duplicate of the preceding positive fundamental half -period,
since there is no reason for positive and negative dissymmetry. Hence
it follows that in each fundamental half -period there be exactly an
odd number of secondary half-periods-including the sudden phase
shifts as illustrated by 44 in Fig. 4. If, therefore, we tune the secondary
to an even multiple of the primary, then the sum of the sudden phase
shifts during any fundamental half -period must necessarily equal r
radians or be equivalent to one secondary half -period. It is this phase
shift which makes up the discrepancy between the number of secon-



Guinem n and Rumsey : Frequency Multiplication 649

dary half -periods actually accomplished by the current and the nec-
essary odd number demanded by the symmetry of the steady state.

If the shock duration is adjusted so that it is equal to an odd
number of secondary half -periods below saturation, and the secondary
is tuned to an even multiple of the fundamental, then this phase shift
of r radians will occur at one point and result in a phase reversal of
the secondary current. In the oscillogram Fig. 18 we show such a
condition for the secondary tuned to the twelfth harmonic. The point

-
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Fig. 21-Efficiency vs. Load Resistance for Various Primary Currents with N =5.

of reversal is marked at a. The shock duration is approximately equal
to one -quarter of the fundamental half -period.

The question of transformer secondary terminal voltage distortion
has already been discussed to some extent in connection with oscilla-
tions of the second kind. The oscillogram, Fig. 19, serves, however, to
illustrate this still more clearly. Here we have a frequency multiplica-
tion of seven and a condition of operation which is just within the
region of oscillations of the second kind. Both the transformer no-load
and load voltage are shown. They were taken in opposite phase
positions so that the picture would be clear and easy to read The
effect of the secondary current is to broaden the base of the shock
and make it more pointed. The reason for this can easily be shown by
drawing in the flux curve by means of the magnetization curve.
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A large amount of data were also taken on power output and
efficiency vs. frequency multiplication, primary, and secondary
current. A few of the more interesting curves will be given here.
Fig. 20, for instance, shows the secondary current, power output, and
efficiency as functions of the secondary load resistance for a frequency
multiplication of five and a primary current of 4.5 amperes. The
broken line is drawn in at the dividing line between oscillations of the
first and second kind. It is interesting to note that maximum efficiency
coincides with maximum power output and that these maxima occur
just within the region of oscillations of the second kind. This latter
point is fortunate, since we have already seen that this operating
condition also gives us the smoothest secondary wave form.

4.

Priirrory Cvrrenf if, AMP,
8

Fig. 22-Curves of Maximum Output vs. Primary Current for Constant Ratios
of Frequency Multiplication.

with 120 turns on secondary
with 160 turns on secondary

Fig. 21 shows the efficiency as a function of the load resistance for
various values of primary current and a multiplication of five. Again
the broken line indicates the division between oscillations of the first
and second kind. Here it is interesting to note that the maximum
efficiency increases with increasing primary current. How long this
would continue we were unfortunately unable to determine, since it
was not possible to go to higher primary currents without danger of
primary condenser and inductance insulation breakdown.

Figs. 22 and 23 show the maximum power output and efficiency
as functions of the primary current for various values of frequency
multiplication. They show quite conclusively that this method rapidly
becomes very inefficient for high values of multiplication. Thus it is
clear that a multiplication of nine by two successive stages of three

-13
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would be considerably more efficient than by one single stage. This
question of multistage frequency multiplication will be discussed more
thoroughly in a following paper on multiphase and multistage methods
of extending the present fundamental principle.*

In conclusion we may state that this method of frequency multi-
plication is useful only where perfect wave form is not essential. The
wave form is improved by making the external secondary inductance
large compared with that of the transformer, and by operating just
within the region of oscillations of the second kind as defined in this
paper. Since the efficiency increases with increased transformer
inductance, it will be a matter of judgment as to how far to go in the
relative magnitude of external to transformer inductance. In the
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Fig. 23-Curves of Maximum Efficiency vs. Primary Current.
with 120 turns on secondary
with 160 turns on secondary

theoretical Fig. 9 this ratio was taken as unity, and this figure thus
gives us a good idea of what such a ratio does to distort the secondary
current. In the cases for which the oscillogram figures are here given
the ratio of external inductance to total was about 0.7. The resulting
distortion on this account is certainly not excessive. For further data
as well as many interesting oscillograms and figures relative to this
method of frequency multiplication we refer the reader to the complete
report' of this investigation, which is filed in the library of the Massa-
chusetts Institute of Technology, and of which this paper is merely
an abstract.

4 To appear in a forthcoming issue of the PROCEEDINGS.
6 P. T. Rumsey, "Experimental Investigation of Frequency Multiplica-

tion by Means of Iron -Core Coupled Circuits." M.I.T. thesis.
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Summary-In this paper the theoretical considerations and experimental
results pertaining to the short-wave limit of magnetron oscillations are given.

Oscillations of only a few centimeters wavelength were successfully produced.

INTRODUCTION

FOR several years research work on the generation of very
short waves has been carried on by Professor Yagi and others
in our laboratory. While engaged in this work, the writer found

it possible to produce very short wavelength oscillations with mag-
netrons of special form.

Certain of the details of this work have been published.' Since
then the experiments have been extended and oscillations can now
be produced with increased intensity and with even shorter wave-
lengths. Only the method and prospect of obtaining shorter wave-
lengths are discussed in this paper. The details regarding the means
of increasing the intensity of the oscillations will be dealt with in an-
other paper.

I. THEORETICAL CONSIDERATIONS

The distribution of the space charge in the magnetron is quite
similar to that in the triode when the latter is connected to produce
oscillations similar to those observed by Barkhausen and Kurz.
By considering a "virtual cathode" and a "virtual grid," and an
equivalent anode potential, the existence of a negative resistance
can be proved in the same way as has been done by Tonks2 in the
case of the Barkhausen and Kurz type of oscillations. Such a nega-
tive resistance characteristic gives rise to a state of instability. Some-
times oscillations may be due to a dynatron characteristic and at
other times oscillations may be due to the dispersion or discharge of
the space charge.

It seems very likely that oscillations in the magnetron occur in
the following manner:

 Dewey decimal classification: R133. Original manuscript received by the
Institute, October 5, 1928. Revised copy received, November 7, 1928.

1 Hidetsugu Yagi, "Beam Transmission of Ultra Short Waves," PROC.
I. R. E., 16, 715; June, 1928.

2 Lewi Tonics, Phys. Rev., October, 1927.
652
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When themagnetic field is greater than the critical value, the
anode current is cut off and there is an accumulation of charges
near the anode and cathode. The accumulation of charges near the
anode is the true seat of oscillatory phenomenon.

As soon as the conditions become such that a negative resistance
is possible, the accumulated charges begin to be dispersed or dis-
charged and the state of negative resistance disappears until a further
accumulation of charges occurs. The time required for the accumula-
tion of these charges after the preceding discharge has occurred is
approximately equal to the time, t, which will be required by an elec-
tron in travelling from the cathode to the region near the anode where
the charge density is greatest. This process of accumulation and dis-
charge will be repeated and cause oscillations.

Vo= 900 volts
I.= 0.6 m.o.
ih= 1.1 amp.

=11.5

IIIMI
MI IIP MI SEE IS

11 MEER MI MI PAIII 111 'A II111
IIFM IIIl 1111MI
IIE IINI 1 IM
IIM MI EWA

11:1,.o .Rut . , . P. . 1, .6111, ..,
JC in cm

Fig. 1

The period T, which corresponds to one cycle of oscillation will
be

where t' represents the time required for the electronic discharge.
We have no means at present for estimating the value of t'. The
value t, however, may be calculated.

Since the phenomenon is alternating, it may not be unreasonable
to assume that t' is approximately equal to t. Then the wavelength
may be calculated by the following semi -theoretical formula,

X o =2ct (1)

where c represents the velocity of light.
The time t can be obtained from a graphical solution of the follow-

ing equation:
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dt

dr

1

r-
2eV a

log r. H2e2r2 ro21 -
m ra 4m2c2 r2

log -
1.a

(2)

where t, r, r0, ra, Va, and H represent the time, the distance from the
central axis, the radius of the cathode, the radius of the anode cylinder,
the anode voltage, and the intensity of the magnetic field, respec-
tively. e and m are the charge and the mass of an electron. c denotes
the velocity of light as in the case of (1).

For the sake of simplicity, let us now assume that ra is extremely
small; then (2) becomes the following:

de 1

dr /2eVa 112e2
r2

m 4M2C2

(3)

The graphical solution of (3) shows that the assumption introduces
only a small error, and this error is not serious since it only results in
a calculated value of wavelength which is somewhat too small.

By integration of (3), we obtain

2mc r'
t -sin-' (4)

He V8 Vamc2

H2e

where r' is the value of r which satisfies the condition,

dr

dt
or

r' =
4/8Vamc2

H2e

From (4) and (5) we obtain

7I -CM

eH

Assuming on the other hand ra extremely large, we have

(5)

(6)



Okabe: Short -Wave Limit of Magnetron Oscillations 655

di 1

dr /2eV. H2e2

111 and tn2C2

(7)

in which d represents the normal distance between two electrodes
which now form two parallel plates, and r represents the distance
from the cathode surface.

The following equations (8), (9), and (10) correspond to the equa-
tions (4), (5), and (6).

2mc deH21 =- sin-' r' (8)
He V2Vatne

2 Vamer' -
de

(9)ll'
TCM

eH
---- (10)

Equations (6) and (10) are exactly the same, so that in both cases
the wavelengths can be calculated by the following equation,

)to' -
27c2m

eH
Or (11)

10650
= cm

H
This equation shows that the wavelength depends only upon the

intensity of the applied magnetic field, and is independent of the
value of the applied anode voltage. These characteristic features are
in exact conformity with what have been observed in actual experi-
ments.3

The corresponding equation representing the experimental re-
sults has the form

13000ir=
H

(12)

so that the only difference is in its numerical value.
The wavelengths calculated from (11) should naturally be smaller

than those obtained from (2), and hence the proportional difference
of about 20 per cent between (11) and (12) can be accounted for.

3 Note: Fig. 28 of Yagi's paper, loc. cit., does not show the relation between
the applied anode voltage and the wavelength with the meaning as here referred
to. In that case the intensity of the magnetic field was always so adjusted that
the oscillation becomes maximum at every setting of the applied anode voltage.
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The measured wavelength and the values calculated from (12)
are given in Table I, where the "difference" in the third column is
the percentage difference as follows:

Xo" -X
"difference" = 100 per cent.

X

It may be shown that, under the condition of the maximum os-
cillation, the radius of the anode cylinder should be related definitely
to the square root of the applied anode voltage. The maximum os-

.9 4

1111111=111111111M
MIRINIIIIIIIIIMMEN

M1111111111111111111111MEN
INIIIIMI11111MIPAIMMINEMEMII

=1000 volts
= 0.3 m.a A.=B.5cm.

lh 1.75 amp

1 5 6 7 13 9 111 I. a-X
Fig. 2

13 t4 15 16 1 19 19

cillation generally occurs at the neighborhood of the critical field
strength and consequently, when H is given, the following relation
should exist, which is deduced by putting r' =r9 in equation (5).

or

/8mc2ra= /1 a
H2e

6.7
= --v V a CM

54=1120 volts
1...1133 m.fi.

in= imp.
k-.2

111

Nollbsollial
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Fig. 3

(13)

All of the above equations are applicable to most of the cases of
the magnetron oscillations, except the cases where the external
circuits are important.
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2. EXPERIMENTAL RESULTS

Experiments have been carried out with the small split -anode
magnetrons as shown in Table II.

TABLE I

Wavelengths
Obtained

by Experiments
(cm)

Wavelengths
Calculated

from Eq. (121
(cm)

Difference

( '70

38 41.2 + 8.4 Table 4 in Jour. I.E.E. of Japan,
36 39.3 + 9.2 No. 487
32.3 36.5 +13.3

42 43.5 + 3.6 Table V in the above paper.
38 41.3 + 8.7
31 35.3 +13.9
28.5 32.4 +13.7

52 52.3 + 0.6 Table I in Jour. I.E.E. of Japan.
50 49.1 - 1.8 No. 469.
49 44.8 - 8.8
39 39.4 + 1
36.5 36.3 - 0.6
33 34.2 + 3.6
32 33.3 + 4

70 62 -11.4 Table II in the above paper.
51 52 + 2
44 44.8 + 0.9
39.5 40.8 + 3.3
37 36.1 - 2.4
34 34.2 + 0.6
47 41.5 -11.7 Table 7 in the Technology Re-
42 42 0 port of the Toboku Imp. Univ.
45 46.4 + 3.1 Vol. 7, No. 4.
54 55.2 + 2.2
52 52.7 + 1.4
48 48.2 + 0.4
11.5 11.2 - 2.6 Figs. 1, 2, 3, 4, and 5 in the
8.5 7.1 -16.5 present paper
7.2 6.4 -11.1
6.8 5.7 -16.1
5.6 5.4 - 3.6

TABLE II

No. of
Vacuum Tube

Diameter of
Anode Cylinder

(cm)

Length of
Anode Cylinder

(cm)

Diameter of
Cathode Wire

(cm)

I
11

III

0.5
0.35
0.25

0.8
0.5
0.5

0.01
0.01
0.01

The experimental results obtained using tube No. 2 are shown
in Figs. 1, 2, 3, and 4. In these figures, V., I., and 1h denote anode
voltage, the anode current, and the field current, respectively. In
this case the field intensity H is 1050 gauss per ampere.

Throughout the measurements, the crystal detector bridging the
parallel wires was kept at a fixed position and the short circuiting
condenser was moved back and forth to obtain the wavelength
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measurements. /d and x represent the detector current and distance
through which the short circuiting condenser was shifted.

From the figures, it can be seen that the equations given do
apply to the case where the wavelengths are extremely short. (Refer
to Tables I and II and to equations (12) and (13)).

I
1

V.=1120 volts
1.= 0.27 m a

Ih= 2 18 amp
k= 6.8 cm.

jr\L

% t 3 4 S 0 7 8 9 lo 11 d 13 14 IS i 17 18 A t.
n cm.

Fig. 4

The shortest wave that -has ever been obtained by this method
was produced with tube No. 3. The oscillations in this case had a
wavelength of 5.6 cm. The potential distribution on the parallel
wires is shown in Fig. 5.

4

. -

A.= S. 6 cm. Vo= 1100 vot98

211
I.=
H

0.3 m. a.
= 2400 3.

PAIMMON
MEM
MIN UMNIMPS

..

EMMA EN MENU WM
a i 3 4 7 1, 14 11 13 IS 11

X in cm.

Fig. 5

3. CONCLUSION

The theory proposed in the present paper seems to be a very
reasonable one, though not very exact, since there are many details
left out of consideration. These details are to be studied further.

The author is of the opinion that this theory is also applicable to
the type of oscillations observed by Barkhausen and Kurz.

The following is an approximate example of the limit of the wave-
length, which can be obtained with a magnetron oscillator. These
values are estimated from the summary of theoretical considerations
given in an early part of the paper.

Suppose that the intensity of the applied magnetic field can be
raised to 20,000 gauss-equation (12) gives the wavelength to be 6.5
millimeters. Then, if we desire to obtain maximum oscillation the
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anode radius must be made 0.34 millimeter, (13), and at the same time
the anode potential must be raised to 10,000 volts. The practicability
and even the possibility of such a small scale experiment is ques-
tionable. We may say, however, that the practical lower limit of the
wavelength of oscillations produced by the magnetron under the
condition of maximum oscillation is of the order of a few millimeters.
If the intensity of oscillation be disregarded, it may be possible to
reduce the wavelength to a slightly lower value.

The shortest wavelength actually produced so far (5.6 cm) is
less than half of that previously reported,' and about one fourth of
the lowest wavelength obtained by the Barkhausen and Kurz method.
The intensity of the oscillations at this wavelength might be further
increased if the anode voltage could be raised to the point indicated
by (13).

The harmonic waves are not considered for the time being, though
they are by no means unimportant, since the oscillations obtained
from the magnetrons are apt to be distorted waves.

We can produce very short wavelength oscillations of two dif-
ferent types with a special form of magnetron. These two types were
(a) the oscillation whose frequency is approximately independent of
the external circuit, and (b) the one whose frequency depends princi-
pally on the external circuit. Most of the intense oscillations which
we were able to produce were combinations of types (a) and (b).

The oscillations obtained by Professor Zacek, of which we learned
recently, seem to correspond to type (a) just as do these described in
the present paper.

The author wishes to express his thanks to Professor Yagi for his
valuable instructions and suggestions.
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THE USE OF THE ELECTRON TUBE PEAK VOLTMETER FOR
THE MEASUREMENT OF MODULATION'

BY

C. B. JOLLIFFE
(Bureau of Standards, Department of Commerce, Washington, D. C.)

ETHODS of measuring the degree of modulation of a radio -
frequency generating set have been described' by Nelson
and Conrad, but both systems have the disadvantage that

they measure the amplitude of the audio -frequency current before
it is impressed on the radio -frequency current. The oscillograph has
been used extensively and provides an ideal method of measuring the
degree of modulation, but it is an expensive instrument and not
readily portable.

IMoo

Fig. 1-Sine Modu ated Radio -Frequency Current.

The electron tube peak voltmeter described by van der Bijl2 may
be used as a means of measuring the modulation of a radio -frequency
current whose maximum value for complete modulation varies be-
tween the limits zero and two times the maximum value of the un-
modulated radio -frequency current (see Fig. 1). Such a current is
produced by the so-called "Heising" or "constant current" system of
modulation. In brief, if the peak value of the radio -frequency current

 Dewey decimal classification: R275. Reprinted at the request of The Com-
mittee on Standardization from Jour. Opt. Soc. of Amer., 9 December,1924. Pub-
lished by permission of the Director of the Bureau of Standards of the U. S.
Department of Commerce.

Nelson, U. S. Patent 1,478,050. Conrad, U. S. Patent 1,477.316.
2 van der Bijl. Thermionic Vacuum Tubes, p. 367.
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is measured without modulation and then the modulation is applied
and the peak value again measured the ratio

(1 MOD I r) X 100
- per cent modulation (1)I

I MOD = peak value of the modulated current.
Ir = peak value of the unmodulated radio -frequency current.
The actual apparatus needed is shown in Fig. 2. The current I

flows through the resistance R (10000), so that measurements on the

RADIO FREQUENCY

GENERATING

SET

Fig. 2-Electron Tube Peak Voltmeter Used to Measure Percentage Modulation.

variation of the voltage across the fixed resistance R give values
which are proportional to the variation in that current. The current I is
proportional to the output current of the radio -frequency generating set.

E.,

TO ELECTRON
TUBE VOLTMETER

Fig. 3-Generating Circuit Used to Test Method.

The principle of the voltmeter is that the voltage of the grid is
adjusted until the milliammeter just fails to show a plate current.
The resistance R2(0 - 20002) with R1(0 -10051) set at zero (A) is
adjusted until the plate milliammeter reads zero. The unmodulated
radio frequency is then applied and R1 adjusted until the milli-
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ammeter again reads zero. The voltmeter V gives then the peak value
of the radio -frequency voltage which is proportional to the current
The radio frequency is then modulated and R1 further increased until
the plate milliammeter again reads zero. The voltmeter will then
read the peak value of the modulated radio -frequency voltage which is
proportional to I MOD. The percentage modulation thenfollows from (1).
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Fig. 4-Output Characteristic of Generating Set.

To test this method the generating circuit shown in Fig. 3 was
used. The variation of output current with plate voltage for this
circuit is shown. in Fig. 4. Since, for the upper portion of the curve
the output current is proportional to the plate voltage, the degree of
upward modulation may be calculated from the measured values of
E1 and E2. E2 was either a 500 or 60 -cycle sinusoidal a.c. source
having an effective voltage of 120 volt.. E1 is a d.c. source and may be
made any value.
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The following table gives sample data on the values of the per
cent modulation calculated and measured. This table shows that the
accuracy of the measurement as made was not greater than about
4 per cent. The method, however, is sufficiently accurate for many
purposes.

It has proved very useful in making quantitative measurements
of the percentage modulation in connection with measurements on
electron tube properties which involve the degree of modulation. It
could be used in a system to indicate continuously the limits of modu-
lation in a radio telephone transmitting station. The circuit could be
coupled to the transmitting set and the resistance R1 adjusted so that
with no modulation the plate milliammeter reads zero. When the
current is modulated then the milliammeter would show a deflection

TABLE I

Modulation

Es
Eff.

I. IMOD
Measured Value I Calculated Value

Ea X1.41

frequ ncy=500cycles
120 85 14.3 29.1 14.9 1.05 1.00

147 85 17.8 32.2 14.4 0.81 8.82

185 85 23.8 38.1 14.3 0.60 N.64

Modulation frequency =60 cycle=
135 96 15.5 31.0 15.5 1.00 1.00

135 90 15.9 31.1 15.2 0.96 0.94
80 15.8 28.8 13. 0.82 0.83

60 15.9 25.7 9.8 0.62 0.62

50 15.9 24. 8.1 0.51 0.52
40 15.9 22.1 6.2 0.39 0.42

154 60 18.2 27.8 9.6 0.53 0.55
142 50 16.4 24.3 7.9 0.48 0.50
126

Radio frequency
85

=470 Iri14.3

28.3
ee

14.0 0.98 0.96

which could be calibrated in terms of per cent modulation. The
modulation then could be kept adjusted so that the milliammeter
reads the degree desired. The instrument could be used at any time to
measure the exact degree of modulation.

This method gives a fairly accurate measure of the degree of
upward modulation. It cannot, however, give any indication of the
characteristic of the current when the modulation is downward. It
is believed that it is superior to other simple methods of measuring
modulation.
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RADIO RECEIVER TESTING EQUIPMENT*

BY
KENNETH W. JARVIS

(Development Engineer, Croeley Radio Coroporation, Cincinnati, Ohio)

Summary-The difficulties of measuring radio receivers and the lack of
standardized equipment has made necessary the development and construction of
special apparatus for this purpose. Generally speaking, determining the character-
istics of the input signal to the receiver, the conditions of receiver operation, and the
character of the resulting output will serve as a proper measure of performance.
The "transmitter" used in the measuring setup has associated equipment in the way
of attenuators, vacuum -tube voltmeters, modulation meter, and monitor and fre-
quency supervision, so as to control rigidly and to know with great accuracy the
character of the input signal. The design and usage of these various units are de-
scribed in detail. Emphasis is placed on the proper design and use of vacuum -tube
voltmeters. A novel modulation meter is described, being simple and accurate.

Power measuring panels, screening, and other precautions are noted for main-
taining the receiver under test in proper operating condition. The output power
may be measured under different conditions of usage. A "distortometer" of new
design is described, enabling the distortion and overload of the output to be directly
measured.

Proper operation of this test equipment will measure radio frequency amplifica-
tion, audio -frequency amplification, and detector sensitivity. It will show the radio-
frequency selectivity, the audio frequency fidelity, the overall fidelity, and the overall
selectivity. The frequency range of the receiver may be measured. The "hum" voltage
of the output may be noted. The maximum undistorted output of the receiver and
the percentage of overload at any output can be found. The methods of obtaining
these data are given in the paper.

I. Introduction

THE performance characteristics of radio broadcast receivers
are measured to aid in development, to check the standards
of production and to compare competitive receivers. As these

performance characteristics are new conceptions in the electrical
industry, new definitions must be agreed upon, and new methods of
measurement must be devised to evaluate properly these character-
istics. Although the radio industry is still moving rapidly forward,
ten years of experience have shown the fundamental basis on which
radio receiver performance must rest. It was therefore possible for
a group of representative engineers in the radio world to meet, compare
experiences, and agree upon certain definitions of performance charac-
teristics. The work of the Standardization Committee of the Institute

 Dewey decimal classification: 8343. Original manuscript received by the
Institute, December 8, 1928.
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of Radio Engineers has almost been brought up to date, and it is ex-
pected that their report will shortly be released.

In addition to defining the performance characteristics of a radio
receiver, the Standardization Committee has indicated in a general
way how these characteristics shall be measured. There are two ways
of measuring such characteristics. The first is relative and consists
of comparing the output with the input or with some other unit
maintained as a standard. The second way is absolute and consists of
determining the absolute values of voltages, currents and power in-
volved, and making such comparisons as are desired from the magni-
tude of the quantities determined. In general, an absolute method of
measurement is best, although usually the most difficult.

The Standardization Committee, realizing the dearth of informa-
tion on such radio -frequency measurements as they have deemed
necessary, have not made detailed provision for the actual measuring
equipment. The purpose of this paper is to describe in some detail
testing equipment capable of measuring the performance character-
istics of modern radio receivers, with design conforming to the restric-
tions of the Standardization Committee.

In addition to the purely technical problems of measuring extreme
values of sensitivity, selectivity, etc., each set provides problems of
connection, power supply, operation, and subsidiary equipment. The
design of measuring equipment had to include such features as would
simplify the actual testing of the receiver. Accuracy was, of course,
paramount in the design, although simplicity, reliability, freedom from
personal equation, and cost were also considered. The construction
of this equipment was begun in June and finished in December, 1927,
the installation being made in the Receiver Development Laboratories
of the Crosley Radio Corporation at Cincinnati. The progress was
necessarily slow because of lack of outside information and because
each unit had to be tested as built. In June, 1928, the complete equip-
ment was retested and recalibrated, and some changes, which six
months' use had indicated were desirable, were made. The equip-
ment has answered every demand made upon it, and is considered
by engineers who have seen it to be the very latest in measuring
equipment.

II. General
The equipment is divided into two parts, a transmitter and a

receiver measuring unit. The transmitter is enclosed in one copper
screened room and the receiver equipment in another screened room.
Both of these small shielded rooms are enclosed in a third screened
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room. These three screens are conductively connected at only one
point, thus insuring freedom from circulating currents that might
otherwise decrease the effectiveness of the screening. When the door
is shut, a 500 -watt transmitter 300 feet away cannot be detected
even when a sensitive receiver is tuned directly on the carrier.

A view of this screened room, or measuring booth, is shown in
Fig. 1. All screens are soldered together and across the ends to keep
the resistance in any direction low. Portions of both the inner and
outer screens are carried on the door, the sides of which are tapered as
on an ice box. When the door is closed, the screens wedge tight and

Fig. 1-External View of the Measuring Booth.

form a complete shielding surface with almost no crack. "Leaks"
which are quite apparent when the door is slightly ajar disappear when
pulled tight shut. A similar door is placed between the two inner
rooms to insure complete shielding between rooms, while allowing
passageway. Due to other shielding on the transmitter, it is seldom
necessary to close this door, although for extremely sensitive sets this
too has been found necessary.

A view of the transmitter unit is shown in Fig. 2. This is essentially
a modulated transmitter with proper controls and means for measur-
ing exactly what is being sent to the receiver. The use and con-
struction of the units will be detailed later. Beginning at the upper
left these are: crystal oscillator, modulation meter, monitor, radio-
frequency oscillator, radio -frequency voltmeter, radio -frequency
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attenuator, audio -frequency oscillator, audio -frequency voltmeter,
audio -frequency attenuator.

The meters are placed in a horizontal panel in front of the units
for convenience in adjusting the transmitter. Any unit, or this meter
panel, can be removed independently for test or recalibration.

The power supply for the transmitter comes from storage and dry
batteries underneath the units. A small 100 -watt motor generator
outside the booth furnishes plate supply to those units where the

Fig. 2-Transmitter Unit.

plate voltage is not critical. The d.c. output of this generator, properly
filtered with respect to commutator ripple and radio -frequency pickup,
enters the screen booth through the center of the tube used to connect
the screens together and to the ground system. All other external
power or control leads, properly filtered, also enter through this pipe,
so that the shielding is not impaired.

Fig. 3 shows the receiver testing equipment. The large center
panel is for connections and power supply. The units at the ends are
a detector calibrating voltmeter, a detector voltmeter, a.c. hum voltage
voltmeter, an interference output voltmeter, and a power output volt-
meter. The unit at the extreme right is the distortometer, a device
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for measuring the overload and maximum power outputs of a receiver.
The unit on the extreme left is a power panel having the proper meters
to give 110 and 220 volts at 25 and 60 cycles and 110 and 220 volts
direct current.

Batteries to supply the test equipment and to operate battery
operated sets are located beneath the bench. Tube racks, tool drawer,
desk, and file complete the layout.

Fig. 3-The Receiver Testing Unit.

III. Radio -Frequency Generation'and Measurements

In describing the equipment in detail, the plan will be followed of
describing an operation, the reasons for providing a certain unit as
constructed, and the means of calibrating and operating. The first
and probably the most important operation is that of generating and
measuring the radio -frequency voltage applied to the receiver. For
some receivers and some measurements this voltage is as low as one
millionth of a volt! Considering the fact that this is at radio frequency,
it is obvious that straightforward methods of measurement are almost
impossible. One method of measurement is to amplify this voltage
with a radio -frequency amplifier of known characteristics to a point
where direct measurement is possible. This method is often used
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when the source of voltage is not under control, as in field strength
measurements.

A second method is a substitution method, but as this essentially
means- determining the magnitude of the substituting signal, this
method is not independent except as applied to field strength measure-
ments. A third method is to obtain this small voltage by the potential
drop of a known current through a known impedance. A fourth
method is to generate a small voltage by means of a mutual in-
ductance; the frequency, current, and mutual inductance determining
the voltage. A fifth method is to measure the voltage at as low a value
as convenient and use some form of attenuator of known character-
istics to reduce the measured voltage to the desired value. Com-
binations of two or more of the above methods may be used in some
Cases.

All of these methods have been tried at various times during the
past five years in an endeavor to simplify and increase the accuracy
of measurement. The method of measurement obviously influences the
methods of power generation, so that the method of voltage measure-
ment must be decided upon first.

The major objections to the first method are that the calibration is
not constant as a result of the number of vacuum tubes used and their
variations; the calibration varies greatly with frequency; and it is not
convenient to change the ratio to conform with widely varying
voltages. The principal objection to the third method is its inaccuracy
for small voltages. It is impractical to measure currents much below 1
milliampere and inaccurate to use resistances much smaller than 0.1
ohm. This gives a minimum voltage of about 100 microvolts, a figure
far too large for very sensitive receivers. Further reduction in the
ohmic resistance leads to comparatively large errors due to the diffi-
culty of accurately determining the high -frequency resistance, skin
effect, and effective impedance due to reactance. Reactances used as
coupling units have the same objections due to resistance. The ob-
jection to the fourth method is largely the same as for the third,
namely, inaccuracy at low voltages although the large frequency shift
is also undesirable. Without resorting to mathematical and form
factor calculations (which in themselves are quite susceptible to un-
known errors) it is very difficult to obtain a mutual inductance below
5 ph. This gives a minimum voltage of about 1500 microvolts, ob-
viously too high a figure. A major objection to either the third or
fourth method lies in the fact that a moment's carelessness on the
part of the operator will burn out the measuring thermocouple, and in
addition to the cost of a new element, it means delay in replacement
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and recalibration. The principal objection to the fifth method of
voltage determination lies in the necessity for providing a sensitive
vacuum -tube voltmeter and in the fact that there is a shift in attenu-
ator calibration with frequency unless care is taken in the design.

The choice of a method is therefore determined by the ability to
overcome the various difficulties. The design of a stable, sensitive
vacuum -tube voltmeter, together with an attenuator independent of
frequency, has placed the advantages of the fifth method far in
advance of all others. In reliability, foolproofness, and accuracy this
method seems the best possible at the present time. Voltages applied
to a receiver can be varied between about 1 volt and one half of one
millionth of a volt with a known accuracy of better than 3 per cent.

THE RADIO -FREQUENCY GENERATOR

The radio -frequency generator can next be considered. Due to
coupling, both conductive and that resulting from radiated fields, it
is desirable never to generate much more radio -frequency voltage than
required. For reasons of stability and to conform with the method
of voltage measurement chosen, it is necessary to generate a far
larger amount of power than is normally necessary. This means that
the shielding for the generator and the filter for the power leads must
be the best possible. The generator was therefore built inside a copper
box with a 1/16 in. wall. All the corners, except the lid, are completely
soldered. The lid, with about 1/2 in. of overlapping edge, is screwed
to the box with twenty-four machine screws, thus insuringa tight con-
tact. Magnetic flux will leak through cracks that water will not flow
through, and as this shielding almost determines the lower limit of
voltage measurement, no precaution is too great. This copper box
was placed inside a second brass box, forming the unit placed in the
frame as shown in Fig. 2. The copper box and the brass box were
conductively connected at only one point, thus minimizing the ten-
dency for circulating currents to cause coupling. All ground wires and
bypass to ground returns in the circuit are connected as near this
ground point as possible, to decrease circulating currents. This practice
was followed uniformly throughout the construction of the equipment.
The object and usefulness of a shielding metal box is greatly impaired
when the box is used as a ground return circuit, because of differences
in potentials thus created. Such precautions may seem unnecessary,
but the difficulties in removing a few unwanted microvolts resulting
from circulating current coupling are otherwise almost insurmountable.

The Standardization Committee has recommended that the fre-
quencies of 600, 800, 1000, 1200, and 1400 kc be adopted as standard,
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and performance characteristics be measured at these points. For
some measurements, particularly selectivity and frequency range,
higher and lower frequencies must be obtained. The oscillator used
has a range from about 500 to 1600 kc.

The circuit is shown in Fig. 4. The approximate values used are
indicated on the circuit. The Hartley circuit was used for the oscillator
as it is quite stable at all frequencies and is not too rich in unwanted
harmonics. A small vernier condenser is provided to give small changes
in frequency. There is nothing unusual about the oscillator except
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Fig. 4-Radio-Frequency Generator Circuit.
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the double filter in each lead but the ground lead. As previously noted,
all ground leads and condenser bypass return leads connect to a
common ground point, even though the schematic circuit diagrams
do not show this. The inductance of each choke is about one milli-
henry, so designed as to be effective within the range of frequencies
used. The condensers used are non -inductive, an important point in
using large paper condensers for radio -frequency bypass condensers.

Since the original design in June, 1927, this unit has been made
single control, and the oscillator and filter condensers are driven from
one shaft. This necessitated some change in the volume control, and
that shown in the circuit was finally adopted. At full volume, the
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circuit is a normal amplifier neutrodyned with a "split plate" circuit.As the volume control is moved down, the plate current (r.f.) is
"shunted" past the coupling coil. This control works smoothly and
gives a wide range of adjustment. The usual volume control methods
of filament or plate voltage variation could not be used as this amplifier
tube is modulated. It was desired to change the output without
changing the percentage modulation, and this could not be done if the
operating characteristics of the 171A, used as the modulated amplifier,were changed. It was inconvenient to vary the mutual inductance
between the plate coil and the second tuned circuit as this (due to
capacity effects) varied the resonant period of the second circuit somuch that single control was impracticable. The balance method is
somewhat upset by this arrangement, but due to the small couplingback to the oscillator the frequency shift is only about 50 cycles in a
million as the volume control is changed. Considering how this control
is used such a shift is immaterial.

Grid modulation is used. This is more economical than Heising
modulation from the standpoint of available voltage. Tests showedthat with a low µ tube, such as the 171A, and with the magnitude of
both the radio and audio voltages applied well below the overload
point, no distortion due to grid modulation was obtained. In every
respect, considering the voltages involved, the grid modulation method
is equal or superior to the Heising method as applied in this unit. The
variation in percentage modulation is obtained by varying the output
of the audio -frequency generator supplying the modulating frequency.

If the magnitudes of the radio-frequency voltage and the audio -
frequency voltage are maintained constant on the grid of the amplifier,
the percentage of modulation remains constant (within reasonable
limits) regardless of the frequencies applied. To keep the radio
frequency voltage constant, a resistance of 5000 ohms and a small
variable condenser of about 100 µAd were used as shown. The variable
condenser was adjusted to give as near a constant value of radio-
frequency voltage as possible. This voltage is about 5 volts and varies
only about 10 per cent throughout the entire frequency range.

There are two output coils, the values of which are roughly deter-
mined by the impedance to which they are supplying power. The lead
marked 1Rd supplies power to the modulation meter and to the
monitor. The lead marked 4Rd supplies power to the radio -frequency
voltmeter and attenuator and receiver under test.' A switch is pro-

' The designating numbers used are those on the original layout of theequipment and are here used for convenience in detailing the circuits. All leadswith the same numbers are connected. This will aid in tying the various unitsof equipment together.
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vided inside the inner copper box to open the lead 1Rd. In the case
of extremely sensitive sets, this lead can be opened after the modula-
tion is set, thus reducing unwanted pickup and coupling.

In building this unit, especial attention was paid to loose contacts,
vibrating parts, choice of individual tubes used, with the idea of
reducing frequency shifting and "wobbulation" with mechanical vibra-
tion. The frequency shift is largely determined by the plate voltage,
so resistances and voltage measuring posts are provided in the power
supply equipment to maintain the oscillator plate voltage absolutely
constant. The amplifier plate voltage, not being so critical and re-
quiring more current, is supplied by the motor generator.

The details of calibration and use will be reserved until later under
the head of "Frequency Determination."

VACUUM -TUBE VOLTMETER

Vacuum -tube voltmeters as used throughout in the measuring booth
are used so extensively in laboratory measurement equipment that
it seems best to include a rather complete description of their theory,
use, and misuse. Vacuum -tube voltmeters are roughly divided into
three classes. First, the "peak" voltmeter, where the tube and asso-
ciated equipment are used to indicate the maximum value of the
voltage applied. The r.m.s. value, assuming sine wave shape, is ob-
tained by dividing the peak voltage by V2. The advantage of the
peak voltmeter lies in the fact that the tube used is not calibrated,
and in the enormous voltage ranges over which the device will operate.
The limits for a high vacuum tube are from about 0.5 volt to 300 volts.
When properly used, the peak voltmeter takes no power from the
circuit. The disadvantages of this form of voltmeter are its inaccuracy
on low voltages, and the large error with bad wave form. This type of
voltmeter was used extensively in the development of this equipment
and for such work is almost indispensable.

A second type of voltmeter is the simple rectifier type with the
tube plate circuit, meter, and source of voltage in series. This has no
particular advantage over either the first or third types. It must be
calibrated for the particular tube used and forms a load on the circuit
voltage of which is to be measured. This load, in the case of high
impedance tuned circuits, may destroy the usefulness of the voltmeter.

The third type, ordinarily known as the Moullin type, uses the
ordinary three -element tube as a detector, with the grid biased
negatively to prevent drawing current and consequently loading the
circuit being measured. This type has been extensively described,
but an analysis is included here to form the basis for further work on



674 Jarvis: Radio Receiver Testing Equipment

the modulation meter later. Also many constructional and circuit
changes make it desirable to have the complete development data in
one place.

In using the normal three -element tube as a voltmeter several
conditions are necessary. The tube is maintained in an operating con-
dition through the proper applied voltages. The grid is maintained
negative at all times, grid current never flowing. The entire plate
current is due to filament emission, no "gas" effects being present.

The work of Van der Bijl and others has shown that the plate
current, I,, of a vacuum tube is dependent on the grid and plate
voltages, and that a grid voltage is µ times as effective as the same
plate voltage. µ is approximately a constant and is consequently
termed the amplification constant. This relationship can be written as

Ip=f(--FE.-Fe) (1)

where I, is some function of the plate voltage Es, the grid voltage Es,
and a small voltage e determined by the operating condition of the
filament. In general, the interest lies not in I,, but in the change i,
when a small voltage e is applied to the grid. Let the term in parenthe-
sis on the right of (1) be termed Es. Then

/, = f (Eg). (2)

Now if a small voltage be impressed on the grid of the tube, (2)
may be written

1,-Fip=f(Es+e). (3)
This function may be expanded by Taylor's theorem as follows:

e31,+ip=f(Es)+-rEs)+e2-f"(Es)+T (Es)+++
11 12 13f'
en

-F-fn(Eg). (4)n

In this equation In =1, 2, 3,  n, and f  pi are the
first, second, third, etc., differential coefficients of I, with respect to
Eg.* These derivatives may be written in terms of I,, and Es as
follows:

dIP (121, c131,f(E 0=1, ; (Es)
= dEs; fu(E')=dEs2; f (Ei)= dEs3

The differential coefficients of I, should be taken with respect to e, but
due to the symmetry of the function the derivative obtained is the same as that,with respect to El.
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In substituting these values in (4) the initial value I, may be cancelled
and only the change in current i retained. Thus

dI p e2 d'Ip e3 dal, en dnI
ip =

dE g 2 dE 82 6 dE,3 in dE en
(5)

This is the fundamental equation used in most vacuum -tube
theory. To evaluate this equation, the successive derivatives must
be determined under the operating conditions. That is, the value of

dI,
will not be the same with an impedance in the plate circuit as

dE g 

when this impedance is removed.2
When used as a vacuum -tube voltmeter, the voltage applied to the

grid of the tube may be written as

e = E. sin cot (6)

where E. is the peak voltage and co/2r is the frequency of Bupply.
In the operating range of the tube, there is usually a considerable
portion where only the first and second derivatives have a magnitude
great enough to be considered. If an operating point be chosen within

d2I
this range, all terms beyond that containing - may be dropped

dEe2

from (5) without error. Operating at another point will be considered
later. With this fact in mind, substituting (6) in (5) gives

dl, Em2 sine wt d21,
ip= E. sin cot + (7)

dE g 2 dEg2

The average current is the integral of (7) over one complete period
divided by the time for that period. Thus

E. dl 2, 2r

iPave = 2r dE e

Em2 d2I
sin cold(co0+ sine cotd(cot) . (8)

4r dEt2 0

Performing this integration and substituting limits gives

Em2 d21,
i pave.=

4 dEt2
(9)

For a given operating point
d2Iis

constant and therefore the plate
dE g2

2 A complete discussion of this point, and the means taken to determine
the operation of the tube in terms of the constants of the tube and circuit may
be found in an article by John R. Carson, Proc. I.R.E., 7, 187; April, 1919.
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current change indicated by a d.c. meter is proportional to the square
of the applied voltage. Experimental evidence in a well designed
voltmeter supports this conclusion.

In order to show the desirability of proper design, especially
relating to wave form errors, the equations can be enlarged somewhat.
Suppose that the voltage e is no longer a pure sine wave, but the sum
of a fundamental frequency co/27r and some harmonic X of this fre-
quency. Then

e = EI sin cot+E2 sin Xwt. (10)

Suppose an operating point is chosen with the third and fourth
derivatives of (5) having values which are not negligible. Then sub-
stituting (10) in (5) gives

dl , [E1 sin cotd-E2 sin Xcot]2 d2/
in= [E1 sin cotd-E2 sin 'Lot] -I-

dEt 2 dE,2

+
[E1 sin cot+ E2 sin X0.4]3 (PI ,

6 dEt3

+
LEI sin cot-FE2 sin Lott' d4I,

24 dE i4

The average value of (11) is obtained by integrating with respect
to cot over one complete period (which corresponds to X complete
periods for the harmonic voltage) and dividing by the time per cycle.
The actual integration will not be given here, since the method is out-
lined in any table of integrals. Expanding, integrating, and substi-
tuting the correct limits results in the dropping of the first and third
terms, and simplifies into

E12 + E22 d2Ip (E12+622) 2 +2E12E22 c141 ,
i p = + (12)

4 dE,2 64 dE g4

In calibrating a vacuum -tube voltmeter, a sine wave source pre-
sumably is used. Comparing (12) and (9) shows that there is some
question regarding what the voltmeter in the second case actually

(PI 7
would read. Assuming for a moment the =0,

dEt4
E12± E22 pip

(13)t,=
4 dE,2

As shown from (9) i varies as the voltage squared. Therefore the
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equivalent voltage of (13) is VE12+ E22. Both E1 and E2 should be
reduced to effective values to express correctly, but are left as peak
voltages to avoid confusion later.

The effective value of the sum of two alternating voltages as read
by the usual type of a.c. voltmeter is VE12+ E22. It is therefore

d'I
obvious from (13) that if - is very large compared with the value

dEt2

of succeeding derivatives, the voltmeter will read true r.m.s. values of
voltage regardless of wave form. Inspection of (12) shows that as
d419

increases (and presumably other derivatives also) the average
dEt'

current (i will correspond in calibration to some r.m.s. voltage
far different from that actually applied. Correct design is therefore
very important, especially where the wave form is not closely sine
wave. Voltages have been measured differing by 50 per cent from the
true r.m.s. value, when using an incorrectly designed vacuum -tube
voltmeter.

Some of these points in design are to use a type of tube and such
operating voltages as to provide an operating range well in excess of
the voltage to be measured. Preliminary characteristics are greatly to
be desired, but in all cases, a check of the voltmeter reading against
the true r.m.s. value should be made.

In general, the normal Moullin type of voltmeter is not sufficiently
sensitive. The normal range of this type, using a 201A tube is between
0.7 and 3 volts. By using a more sensitive meter, or neglecting wave
form errors, this range can be increased somewhat. This difficulty
is corrected in the voltmeters used in this measuring equipment by
using a d.c. amplifier. The plate battery for the voltmeter tube is
connected between its plate and the coupling resistance of the amplifier
tube. As the a.c. voltage is applied to the first tube the. plate current
increases, raising the grid bias on the second tube and lowering its
plate current. A meter in the plate circuit of the amplifier tube serves
to measure the applied voltage. A schematic circuit is shown in Fig. 5,
where the first tube shown is the detector, and the second tube is the
d.c. amplifier. This simple circuit is modified somewhat by the con-
trols necessary to obtain the correct initial setting and to control the
voltmeter in operation. The sensitivity is determined by the tubes
used, battery voltages, coupling resistances, etc. Details are given
later in discussing the individual units.
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The usefulness of such a voltmeter is absolutely dependent on its
accuracy. This accuracy is determined by the accuracy of calibration
and the faithfulness with which this calibration is maintained. It has
been found that so long as the operating point does not shift materially
from its initial setting, the change in plate current with applied voltage
is correctly given by the calibration. This means that even though
the plate and grid voltages change as much as 10 per cent, the calibra-
tion will still be correct, provided that only the change in plate current
with applied voltage be measured. To accomplish this a reverse
current equal to the initial plate current of the second tube is sent
through the meter. Consequently this meter reads only the change in
plate current. This has an additional advantage in that it enables a
very sensitive meter to be used and lowers the minimum voltage
measurement limit.

DETECTOR D. C. A irtn.iFIER

_1111111-+

Fig. 5-Vacuum-Tube Voltmeter Circuit.

The biggest variation in calibration is caused by the initial setting,
particularly with respect to the filament. Also, as the tube ages its
emission characteristics change and destroy the accuracy of calibra-
tion. The usual methods of measuring filament voltage or filament
current were tried without success. A simple method is to tie the grid
and plate together and back to the positive filament terminal through
the plate meter. The filament current is then adjusted to give some
predetermined emission current, thus setting the tube in the same
condition of operation every time it is set. An indication of how
reliable this method of adjustment can be is shown in one voltmeter
which has been in almost continual use for over three years. Repeated
calibrations have shown a steady shift in calibration totaling slightly
less than 3 per cent for this entire period. Other voltmeters built since
show calibration characteristics indicating even greater constancy.

In determining the emission current initially, the filament current
is set about 10 per cent below the normal value and the emission
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current measured. Under conditions of use, a shunt is connected across
the indicating meter of such a value as to give full scale reading on
the lowest scale (when a multi -scale reading meter is used) when the
filament current is properly adjusted. A copper wire wound rheostat
is used as filament current control in order to obtain small current
changes and consequently accuracy in initial setting.

As the same meter is used to measure the emission and also indicate
the voltage, switches marked "start" and "run" are provided to make
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Fig. 6-Radio-Frequency Voltmeter Circuit.

the proper circuit changes. In the case of a two tube voltmeter (recti-
fier and d.c. amplifier) the second tube only is used to set the emission.
To a reasonable approximation, both tubes change in emission charac-
teristics alike and setting one serves to set both.

A voltage about equal to that of the plate battery of the second
tube is used for the reverse current battery for several reasons. With
a high voltage "bucking" battery, a high series resistance is necessary,
and comparatively large changes in resistance only produce small
current changes in the reverse current. It is consequently easy to adjust
the indicating meter to zero reading, a particularly desirable feature
if the meter is very sensitive. Another reason for using similar voltage
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for plate and bucking batteries is that the same type of batteries,
having the same current drain, may be used. As a result, the initial
zero adjustment of the meter does not have to be greatly changed
during the useful life of the batteries. When replacing batteries both
units are replaced at once.

The way these various points are taken care of is shown by the
circuit diagram and indicated values in Fig. 6. This is the vacuum -
tube voltmeter used for the radio -frequency voltages. The sensitivity
of this type of voltmeter is determined by the type of tubes used, the
value of the coupling resistance, and the sensitivity of the indicating
meter. A Rawson multimeter, having four scales of 20.0, 2.0, 0.2, and
0.02 milliamperes at full scale, is used. As indicated, a high-µ tube,
UX240, is used as the rectifier with a UX201A as the amplifier. The
coupling resistance is approximately 50,000 ohms. To increase the

d2/,,
value of , a large bypass condenser is shunted between plate

dEt2

and filament of the first tube, thus increasing the sensitivity. The
full scale reading of this voltmeter using the 0.02 scale of the multi -
meter is approximately 0.1 volt. The minimum voltage readable is
approximately 0.02 volt and the maximum (using the 2.0 scale) is
approximately 1.0 volt. The advantage of having a 50 to 1 voltage
range will be best appreciated by, those who have tried to cover large
voltage ranges with a thermocouple.

The voltmeter is calibrated on 60 cycles from the 110 -volt line,
using the proper thermocouples and resistance units. Before calibra-
tion of the voltmeter, the thermocouple and resistance units are
checked in order to obtain the greatest accuracy possible. All volt-
meters used in this booth have a known accuracy of better than + 1
per cent at any scale reading above 10 per cent of full scale. Proper
construction, with repeated checks, have shown these voltmeters to
be independent of frequency, being accurate at either radio or audio
frequencies. For this to be true, the bypass across the, coupling im-
pedance must be effective at the frequencies at which the meter will
be used. For calibration purposes, a temporary filter is placed between
the rectifier and amplifier to prevent the second tube also from rectify-
ing the applied a.c. voltage and thus giving a false reading. In the
case of the audio and 60 -cycle voltmeters, this filter is made permanent
for the above reason.

A few more notes will be of value to anyone constructing this type
of meter. Another stage can be added to increase the sensitivity, but
experience has shown that the troubles with drift of the meter, leakage,
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and increasing shift of calibration make this step generally inadvisable.
Work with the new screen -grid tubes indicates that a voltmeter built
on the same general lines as this type can be made from five to ten
times as sensitive if necessary. In the construction of this meter it
is extremely important that loose contacts and leakage be avoided.
Either of these faults will be characterized by the meter needle jump-
ing very erratically, refusing to stay on zero and otherwise mis-
behaving. Old "B" batteries, with high and variable resistance, will
show the same effect. As a general point in design, too high a plate
voltage on either tube will cause "spotty" emission from the filament
and the same "jumpy" tendency on the part of the meter needle.
Ninety volts is about the usual limit with the 201A type filament, and
67 volts is even more satisfactory. The use of 112 tubes is discouraged;
they are not sufficiently stable and constant in characteristics for any
form of precise work. A properly operating vacuum -tube voltmeter
is a "joy to the eye"; this particular voltmeter will only drift about
2 microamperes in 10 hours.

It usually takes about 5 minutes when first turned on for every-
thing to become settled and for the zero to stay fixed. After this time
the voltmeter is in every respect no more trouble than any other type
of voltmeter, and is more convenient because of its greater voltage
range.

In the circuit of Fig. 5, two potentiometers are shown shielded
from the rest of the circuit. The upper one is the supply control to
the monitor and the lower one is the supply to the voltmeter and the
attenuator. This is the volume control generally used, and in order
to cut to zero especial care is taken to ground the lower end. A large
bus bar 2 in. X1/4 in. runs along the back of the transmitter, and all
units are grounded to this bus bar with copper strips. In the case
of the voltmeter, the ground returns of these potentiometers connect
to the bus bar at the point of lowest potential. Thus in the "off"
position, the "ground" currents (due to the capacity between the
transmitter and the screen) flowing through the bus bar do not
produce a voltage effective in the input circuit of the voltmeter.

The monitor control was placed in this compartment merely to
preserve a neat appearance in the combined unit, and to be handy
to the radio -frequency oscillator so that a short high potential lead
could be used.

THE RADIO -FREQUENCY ATTENUATOR

Considering the sensitivity of the voltmeter, it was apparent that
an attenuation ratio of 25,000 to 1 was desirable. Assuming a mini-
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mum coupling resistance of 0.1 ohm, this meant a series resistance of
2500 ohms. Difficulties resulting from capacity coupling, skin effect,
and changing ratio are almost insurmountable in maintaining the
accuracy desired. A multiple stage attenuator was therefore necessary.
With two stages a ratio of about 160 was needed, with three stages
about 30, and with four stages about 13. For various reasons the
three -stage unit was built. As a frequency shift is extremely un-
desirable, capacitive and inductive reactance must be negligible.
A resistance unit, comprising a short length of No. 40 bare advance
resistance wire of about 40 ohms resistance, is held betweentwo heavy
copper studs. This fine resistance wire has a high value of R/L per

(1)

BUS BAR

Fig. 7-Radio Attenuator and Dummy Antenna Circuit.

unit of length and a minimum of skin effect. Smaller wire than
No. 40 would not have had sufficient mechanical strength. Larger
wire would have had a resistance so low that connecting leads would
introduce large errors. Heavy copper wedges, with the narrow edge
just soldered in contact with the resistance wire, form the taps. Two
of the stages have only one tap, at a 30-1 ratio, and the last stage
is tapped and connected to a switch giving ratios of 1, 2, 5, 10, 20,
30, 60, and "short."

In a separate compartment in the same unit is included a dummy
antenna system. The "standard dummy antenna" is used, consisting
of 20 ihh, 25 ohms, and 200 µid connected in series. The condenser
is made variable to aid in certain types of development. A switch
throws this dummy antenna in or out of the circuit at will.
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The complete circuit is illustrated in Fig. 7 where the stage control
switches are schematically indicated. There are five separated com-
partments in this unit. One holds the dummy antenna, each of three
holds an attenuator resistance, and the fifth holds the input lead and
switch control shaft. The switches are all normally in the position
indicated, and the particular number of stages desired are cut in by
operating a cam shaft, depressing the proper switch. The lead which
connects the high voltage (comparatively-it may only be 0.1 volt)
input to the high side of the attenuating potentiometer is normally
disconnected at both ends and grounded. This eliminates any capacity
coupling between the input and output. Repeated tests have shown
no trace of capacity coupling between input and output or between
stages. This is, of course, necessary, or the total attenuation will not
be the product of the individual stages, and sufficient range will not
be available.

The ground potential ends of the attenuating resistances do not
go to the case, but are carried through insulating bushings to a common
ground connection on the bus bar. Incidentally, the common ground
point is determined by these ground returns; these leads must be short
to prevent inductive reactance error.

The attenuator was calibrated at radio frequencies of 500, 1000,
and 1500 kc to determine the frequency shift, if any, and to observe
capacitive and inductive errors. The proper operating conditions are
maintained while calibrating; that is, the last stage is connected across
the second, and the second across the first. The common ground point
is used as the individual potentiometer ground, and not merely the
stud terminal of the resistance wire. The calibration is checked in
several ways. The d.c. resistance serves as an approximate check
of the ratio, the attenuation at any point being the product of the
stages. Another calibration using radio frequency and two vacuum-

tube voltmeters gives about the same degree of accuracy. A method
which is quite simple and is remarkably consistent and accurate is to
take a radio receiver, note the output with a known input voltage and
a 1 to 1 attenuator setting. Then change the attenuator to 2 to 1 and
increase the input voltage to give the same output. This step by step
calibration, with cross checks and reverse calibration, serves to estab-
lish the ratios within about 3 per cent error for the worse condition
i.e., three stages. The accuracy for the last single stage is much better,
being within approximately 1 per cent.

The attenuator will be in error by a considerable amount if a low
impedance is connected across the output. If an impedance as low as
100 ohms should be placed across the output (no dummy antenna)
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the possible error would be about 10 per cent. (This on the 2 ratio
of the last stage.) Smaller impedances would give greater error.
However, the loads are seldom so low in impedance; if they are, a
correspondingly lower resistance (higher ratio) may be used and all such
error eliminated. The output from the attenuator (RD7) goes through
a brass tube to an output post on a small panel in the receiver testing
room. This is the upper disk seen on the left wall in Fig. 3.

This combination of radio -frequency generator, voltmeter, atten-
uator, and dummy antenna forms the input system to a receiver under
test. Using a single stage with 1-1 ratio, the maximum applied voltage
is of the order of a volt. With all three stages and a 20-1 ratio, the
attenuation (based on the present calibration) is 18,200. The mini-
mum voltage is therefore about 0.04/18200 or 2.2 microvolts.

In measuring a receiver, it is assumed that an antenna with an
effective height of four meters will be used. The Standardization
Committee has chosen such constants for the dummy antenna as will
approximate the constants of an antenna with four meters effective
height. Therefore the actual voltage applied is divided by 4 to rate the
receiver measured. Thus the present equipment is capable of rating
any receiver having a sensitivity value above 0.6 microvolt per meter.
The accuracy at this extreme reading is approximately ± 5 per cent.
As this figure is normally far below the static level, it is thought this
limit will be satisfactory for some time to come.

IV. Audio -Frequency Generation and Measurement
The generation and measurement of audio -frequency power and

voltage is quite the same problem as that of the radio frequency, with
the exception that less complete shielding and better filtering is needed.
As more information regarding audio -frequency voltage generation is
available, this portion will not be stressed, except to point out certain
differences from other methods. The circuit and approximate values
are shown in Fig. 8. Fundamentally, the audio frequency is produced
by rectification of the heterodyne between two intermediate frequen-
cies. One of these is fixed at about 140 kc,while the other varies between
100 kc and 140 kc, thus giving an audio beat note betwegn 0 and 40 kc.
The reason for this large range will be given later. With the fixed
oscillator at the high frequency, it is easy to adjust the shape of the
condenser plates of the variable frequency circuit to "spread out"
the low frequencies, thus keeping about the same percentage accuracy
at any dial setting. A small variable condenser, adjustable from the
panel, is placed across the "fixed" oscillator. This has a double pur-
pose. When the variable oscillator dial is set to zero, this small con-
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denser may be used to adjust for a true zero beat. This corrects for
slight changes in frequency as a result of plate or filament voltages
being in error. These small changes are immaterial above a few thou-
sand cycles, but serve to increase greatly the frequency error if not
compensated for below this point.

A second use of this small condenser (called a vernier, although it
is not such in the usual sense) is to give a wide open scale at the low -
frequency end. The vernier dial is set to zero and the variable oscillator
dial adjusted to give zero beat. Then, having been calibrated, the
small dial serves to give audio frequencies up to about 2000 cycles. The
condenser is so shaped that the lower frequencies are well spread out,
enabling frequencies of as low as 30 cycles to be set accurately.

As the intermediate -frequency amplifiers are not as selective as the
amplifier in the radio oscillator, more care must be taken in regard to
harmonics generated in the oscillators. The comparatively smaller
frequency variation enables a reverse feedback circuit to be used with
stability. The grid coupling coils should be adjusted to give just barely
stable oscillation with all condenser adjustments. A slightly greater
coupling than this is used to minimize variations resulting from voltage
changes.

The oscillators are isolated from the heterodyning circuit by means
of the amplifiers. There is no observable tendency to "lock in," stable
frequencies as low as one cycle per second being maintained over long
intervals. To avoid the necessity of neutrodyning, screen -grid tubes
are used as intermediate -frequency amplifiers. Their bias is obtained
by a series filament resistance giving about 1.5 volts. The value of the
intermediate -frequency voltage is adjusted by means of coupling coils
so as to not draw grid current.

The outputs of the amplifiers are coupled through a 22,000 -ohm
potentiometer, to serve as a volume control. To avoid overloading,
the voltage input from each amplifier coil is set about 1 volt. This is
about the limit allowable as any greater voltage raises the harmonic
content of the output above the permissible value.

Following the detector, a low pass filter circuit designed for a cut
off of about 70,000 cycles is placed. This prevents the amplified inter-
mediate frequency from overloading the first audio amplifier. The
values given hold only when working between impedances of about
25,000 ohms.

The detector plate current goes through a d.c. meter before return-
ing to the supply source. At low frequencies, say 10 cycles or below,
the plate filter is not effective and the meter needle will swing in
accordance with the heterodyne frequency. This feature is used to
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set the oscillators to exact zero beat when starting the unit or checking
the audio frequency.

In order to pass low frequencies in a resistance coupled amplifier,
a high coupling condenser, or a high leak resistance or both, must be
used. As it is almost impossible to obtain a large capacity without
some leakage, this may place a positive potential on the succeeding
grid. This, of course, means grid current and distortion. The leakage
problem was solved by using a two -stage resistance capacity coupling,
giving a product attenuation for the leakage, yet passing the low
frequencies desired without much increase in loss.
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Fig. 9-Audio-Frequency Voltmeter Circuit.

An especially designed transformer is used as the input to the last
stage to amplify the low frequencies. A low impedance secondary was
used, thus avoiding voltage drop in case of grid current. The grid can
therefore "swing" a greater amount, even positive, without causing
distortion, and enabling a correspondingly greater power output to be
obtained.

The variable oscillator and amplifier are uni-control. The fixed
amplifier is broad enough to need no further tuning as the "fixed"
oscillator is slightly changed with the vernier. The oscillator tubes
are supplied with plate power from batteries with series regulating
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resistances to maintain the voltages constant. The remainder of the
unit is supplied from the external d.c. generator.

THE AUDIO -FREQUENCY VOLTMETER

The same method used for measuring the radio -frequency voltage is
used for the audio -frequency voltage. The circuit is shown in Fig. 9.
It is essentially the same as that of the radio voltmeter, and is included
only for the purpose of providing a composite wiring diagram if such
should be desired.

The voltmeter needs to be less sensitive and therefore a 201A is
used as the first tube and only 8800 ohms for a coupling resistance.
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Fig. 10-Audio-Frequency Attenuator Circuit.

The voltage range is from a minimum of about 0.1 volt to a maximum
of 2.6 volts. As previously noted, the audio filter is left in the circuit
to prevent the audio frequencies acting on the second tube.

The output of the audio -frequency generator goes to a three-point
switch located in this unit. These points go to the radio oscillator for
modulation purposes, to the monitor, and to the audio attenuator.
The only time the audio voltage is measured is when using the attenua-
tor, and therefore only this connection is provided.

THE AUDIO -FREQUENCY ATTENUATOR

The audio -frequency attenuator, shown in Fig. 10, is modeled
after the radio -frequency attenuator, having three stages, each tapped
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the same as in the radio -frequency unit. The single stage resistance is
1000 ohms and as capacity effects are relatively unimportant, a Feder-
al anti -capacity switch with properly bent contacts serves as the three -
stage switch. A second switch serves to send the audio -frequency
generator output through a high ratio step down transformer giving
considerable power at a low voltage, as is occasionally desired. The
attenuator output lead goes through a brass tube to a contact post
similar to that of the radio -frequency attenuator.

V. Frequency Determination

The determination of frequency is a problem second only to that of
voltage measurement. An absolute method of frequency determination

Fig. 11-Crystal Oscillator Circuit.

may be the use of a time and counter checked oscillator with a multi -
vibrator method of frequency multiplication. Such exactness is not
required in commercial practice, and therefore no fundamental stan-
dard is provided in this measuring equipment. In brief, piezo-electric
crystals are used for determining the radio frequencies, and tuning
forks are used for determining the audio frequencies.

Two units are provided to aid in this determination. The first is a
crystal oscillator shown in Fig. 11. Five crystals with natural frequen-
cies corresponding to 600, 800, 1000, 1200, and 1400 kc are provided.
A five throw double -pole switch serves to connect the crystal and the
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corresponding tuned circuit desired. The output is regulated by
swinging a grounded rotor between the two plates of a condenser.

There is no temperature control on the crystals. It was not felt
necessary to try to maintain the frequency absolutely constant from
day to day inasmuch as the frequency shift may only be 1000 cycles
under quite wide temperature ranges. The harmonics of the crystals,
beat against each other, indicate that the absolute accuracy is not
better than ± 2 kc. and therefore no further refinement is necessary.

The monitor is the second unit used in determining frequency. The
circuit is shown in Fig. 12. It consists of a tube biased to act as a

43

Fig. 12-Monitor Circuit.

detector, a resistance coupled amplifier stage, a second detector, and a
second amplifier. The operation is as follows. The output from the
crystal oscillator and a portion of the output of the radio -frequency
oscillator is impressed upon the first detector .of the monitor. By
adjusting the radio -frequency oscillator until the resulting beat is
zero, the radio frequency applied to the set is the same as that of the
crystal. This method is much faster and more accurate than. depending
upon a calibration curve.

As a result of the detector arrangement, a frequency impressed on
the first detector is multiplied and passed on to the second detector
where a second beat note may result if another frequency is present.
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Thus 900 kc may be obtained on the radio -frequency oscillator by
setting the crystal oscillator to 600 kc and adjusting the radio -fre-
quency oscillator to approximately 900 kc, and then carefully adjusting
to make the beat frequency resulting exactly zero. This means that
the third harmonic of the crystal oscillator, or 1800 kc, is beating the
second harmonic of the radio -frequency oscillator, also 1800 kc, in the
second detector of the monitor. This process may sometimes be
carried as high as the seventh harmonic, and results in about 30 cali-
brating points for the radio -frequency oscillator. Any frequency de-
sired and not given by such a possible harmonic ratio may be obtained
by reference to the calibration curve. It is only a moment's work to
check this calibration if its accuracy is questioned.

The determination of the selectivity curve of a receiver is a job
requiring extreme accuracy. In general, a calibration curve cannot be
depended upon to give accurately small frequency changes from an
initial carrier frequency. Some form of mechanical verniers are often
used, but are quite susceptible to error. The method used here has
proved quite satisfactory. The crystal oscillator is set at the frequency
at which the selectivity curve is desired, say 1000 kc. The radio -fre-
quency oscillator is also adjusted as previously described to exactly
1000 kc. The receiver is then tuned accurately to this signal and not
changed further. Suppose it is desired to obtain the receiver response
at intervals of 1000 cycles difference. The audio -frequency oscillator
is then set at 1000 cycles, and by means of the switch shown in Fig. 9
is connected to the second detector of the monitor. The vernier dial
on the radio -frequency oscillator is then changed and a beat note re-
sults between the crystal oscillator and the radio -frequency oscillator
in the first detector of the monitor. This beat note passes to the second
detector and there heterodynes the 1000 -cycle audio frequency, and a
second beat note results. By proper adjustment of the radio -frequency
oscillator this second beat note may be made zero. When this is done,
the radio frequency then applied to the receiver differs from the
original carrier frequency of 1000 kc by the value of the audio frequency
1000 cycles, giving 1001 kc. The receiver response is then noted on the
output meter. This process can be repeated by swinging the radio
frequency to the other side of the carrier, again getting zero beat and
having a resulting frequency of 999 kc. Setting the audio oscillator at
2000 cycles and repeating gives two more points. Continuing this pro-
cess gives the complete receiver response curve with respect to fre-
quency, i.e., the "selectivity" curve. The frequency has the accuracy
of the audio oscillator frequency setting, which is much greater than
that obtained by adjusting the radio -frequency oscillator by calibra-
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tion. The audio -frequency oscillator was made to go to 40,000 cycles
so that the selectivity curves could be carried at least that far accur-
ately. For greater frequency differences, the radio -frequency calibra-
tion curve can be relied upon. As a result of this accurate method of
setting the frequency differences, curves can be repeated almost exactly
even though they are quite sharp.

The audio -frequency oscillator is calibrated at 128, 256, 512, 1024,
and 2048 cycles by means of tuning forks. A 60 -cycle point can be
obtained from the commercial power supply. Higher and lower fre-
quency calibrating points are obtained by using the crystal oscillator,
the radio -frequency oscillator, and the monitor in much the same way
that the radio frequencies are determined. Thus the beat between the
crystal oscillator and the radio -frequency oscillator may be set at 2048
cycles with the tuning fork. As a result of the harmonic frequencies
generated in the monitor, a zero beat will be obtained when the audio-
frequency oscillator is set at 2048, 4096, 8192, etc. By pushing the
beat between the crystal oscillator and radio-frequency oscillator up
to match one of these high audio frequencies, a step by step calibration
is thus worked out. Cross checks, with odd harmonics, serve to increase
the accuracy as much as may be desired.

Recalibration at frequent intervals is necessary as there is no fixed
frequency to check against as in the case of the radio -frequency
oscillator. The frequency shift observed in use has been very small,
being approximately 500 cycles in 40,000 cycles after six months' use.

VI. Modulation Measurement
A radio transmitter is essentially a radiator of energy so modulated

as to conform to the characteristics of the desired frequency of trans-
mission. The amount of this modulation must vary with amplitude
and may vary with frequency. In any case, the response from the
receiver will vary with this modulation, and in testing a receiver this
amount of modulation must be known.

It may be shown that in any conventional modulation scheme,
the energy radiated consists of three parts. These parts are trans-
mitted on three separate frequencies. The first is known as the carrier,
and is usually the frequency of the radio-frequency oscillator before
it was modulated. The second and the third parts are quite similar
in that they usually have the same energy content and are transmitted
on frequencies symmetrically placed with respect to the carrier and
differing from the carrier by the frequency of the modulation. In the
mathematical derivation of the formulas connected with this modu-
lation phenomenon, the current or voltage amplitudes of these three
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parts are usually considered rather than the power relations. With this
understood, the term "percentage of modulation" can be used without
error. Suppose a carrier wave has a reference value of unity, and each
other part, termed sidebands, a corresponding value of 1/2. As the
relative phases and amplitudes are at all times changing, it is conceiv-
able to have a time when the two sidebands are in phase, that is, add
to a value of unity, and are out of phase with the carrier. The net
result at such a time is zero. The carrier is then said to be completely
or "100 per cent" modulated. There will also be a time when both
sidebands and the carrier add in phase, and the net result will be an
amplitude twice the value of the carrier.

The percentage of modulation, designated as K, is therefore the
ratio of the sum of the sidebands to the amplitude of the carrier. As
it is more convenient, both in plotting curves and in the mathematics,
peak values of voltage and current are usually used.

I

Fig. 13-Modulated Carrier Characteristic.

Fig. 13 depicts how a carrier wave looks before and after modulat-
ing. e, represents the amplitude of the carrier and e, the sum of the
sidebands. By definition K=e,/e,.

The accurate measurement of K depends on using the curve shape
as shown in Fig. 13. The so-called modulation meters on transmitters
and broadcast studio control boards are merely meters indicating the
relative magnitude of the audio -frequency voltage present. There are
several methods of actually measuring K. The first, and by far the
most common, is by the use of a cathode ray oscilloscope. An un-
modulated carrier wave with an amplitude e, is impressed on the con-
trol electrode. The length of the line on the target represents the
amplitude of the carrier wave. The oscillator is then modulated and the
new line observed. It will correspond to the maximum value of the
envelope or ec-Fes. The difference of the two readings divided by e,
gives K. This method has several disadvantages. The source of the
carrier wave should be under control. The cathode ray oscilloscope is
expensive. The value of K cannot be determined with much accuracy
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because of the necessity for scaling the length of the lines. The biggest
disadvantage lies in the fact that the effective value of the carrier ec
may change when modulated. In certain methods of modulation such
as that of Heising, the carrier wave may be substantially constant (if
properly adjusted), but in other methods the carrier amplitude may
change sufficiently to destroy the value of the determination.

If a double element oscillograph is used, the objection based on the
change of carrier amplitude may be avoided. The amplitude of the
carrier is shown by the distance between two reference lines, one of
which is the base line for the superimposed audio frequency. When
modulated, the audio frequency is observed as a sine wave rather
than merely a trace. The mean of the extreme swings of this frequency
is taken as the carrier amplitude, and K is figured as the percentage
amplitude of the audio -frequency swing compared with the mean
amplitude. If the carrier amplitude does not change when modulated,
the mean of the audio swings will remain in the same line as the original
base line. The enormous cost of such a unit is prohibitive to many
would-be progressive laboratories. And while a visual estimation of K
can be made, a scale must be provided and K calculated to obtain
any degree of accuracy.

Another method is to use a peak voltmeter to determine ec and
ec+e,. This method is subject to practically the same disadvantages
as the cathode ray oscilloscope method and is still more inaccurate
because of the difficulty of determining the peak voltage accurately.

Another method is to use a peak voltmeter so arranged as to meas-
ure first ec+e, and then ec-e.. The mean of the two readings is ec
effective while modulated. This eliminates a large possible error, but is
still comparatively inaccurate due to the use of the peak voltmeter.
All of these methods have the disadvantage that the percentage of
modulation must be calculated. They are in no sense "direct reading."

Considering the use of the measuring equipment, it was evident
that none of these methods suited the demands of speed, reliability,
accuracy, and direct reading. Based on the theory of the vacuum -tube
voltmeter, a design was finally evolved which has proven very satis-
factory.

If a radio -frequency carrier of frequency p/271- is modulated by an
audio frequency of q/271- a voltage results expressed by

e=E cos pt(1+ K cos qt) (14)

where e is the voltage at a time 1, and E is the peak voltage of the
carrier wave. If this voltage is impressed on the grid of a vacuum -tube
voltmeter with the customary plate and bias conditions, the plate
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current will have a form represented by substituting the value of e
given in (14) into (5) as developed for the vacuum -tube voltmeter.

This results in
dI

2:=E cos pt(1+ K cos qt)
dE,

E2 cos' pt(1+ K cos qt)2 d2I

2 dEt2

E3 cos' pt(1 -FK cos qt)' d3I

6 dEt3

E^ cos" pt(l+K cos qt)ft

In dE,n
(15)

To obtain all the components of the plate current, (15) must be
expanded.' For the purposes of this development only the direct
current and audio -frequency currents are of interest and all radio -
frequency terms will be dropped. The operating point on the tube is so
chosen that only the first and second derivatives have any effective
value, the remainder of the series being zero. This point is easily ob-
tained in use. With this simplification, the plate current may be shown
to be

d2Ip

2

1 K2 K2

2 dEt2
i= +K cos qt+ -r-

44
- cos 2qt]. (16)

The first term inside the bracket of (16) represents the increase in
plate current due to the rectified carrier wave. The second term repre-
sents the audio frequency of modulation with an amplitude propor-
tional to K. The third term represents an increase in plate current
resulting from the sideband input, and is present only when the carrier
is modulated. The last term is of double audio frequency, representing
the two sidebands beating eadh other.

If the detector coefficient &I ,,/dE ,2 is known for the tube used,
and if E and the audio current is measured, K can be calculated.
Because of impedance in the plate circuit, the detector coefficient may
not be constant with respect to frequency. As the voltage E is modula-
ted, E itself cannot be read accurately. The double frequency term
causes error. A more accurate method of determining K may be ob-
tained by breaking (16) into two parts where

The details of this expansion are not given here. The binomial theorem
and some trigonometric equations serve to reduce this equation to first order
terms of a single frequency.
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and

E2 d2I, r 1 K2-1ip(d.c.) =- (17)
2 dE,2 L 2 + 4 _I

E2 d2I, K2
ip(a.c.) -

2 dE,2
[K cos qt+4 cos 2qt]. (18)

In the operation of the modulation meter, the modulated input
is adjusted to give a constant d.c. change in the plate current, regard-
less the value of K. Let this value of current be C. Then

From which

E2 d 2I 1 K2
C

2 dE,2 2 4
(19)

EZ d'I, 4C
(20)

2 dE,2

Substituting (20) in (18) gives

4C K2i(a. c.) = K cos qt+4 cos 2qt]. (21)

Inspection of (21) shows that K is absolutely determined if the .

a.c. component of the plate current is determined. This is obtained
by using a vacuum -tube voltmeter and measuring the voltage drop
across a known resistance in the plate circuit.

It may be seen from (21) that the current at a frequency q/2ir is
always associated with another current at a frequency 2q/27r, the
relation depending upon the value of K. In calibrating the vacuum -
tube voltmeter a single frequency is used. Therefore, to read the
effective sum of the two terms in the bracket of (21), this must be
corrected to give a voltmeter reading independent of the two fre-
quencies present. This may be done by remembering that the effective
voltage sum of two voltages is equal to the square root of the sum of
their squares. Thus the current is

4CK K2i(a.c.)= 1+- 
2 -I -K2 16

(22)

If K is 100 per cent or 1, the error resulting from not making this
correction is about 4 per cent. In general, this is unnecessary.

To complete the calibration of the modulation meter, the audio
voltmeter is calibrated and a curve drawn. Some percentage of modula-
tion, say 25 per cent, is chosen to give full scale reading on the audio
voltmeter. Having chosen a value of C, in the present case 100 X 10-6
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amperes, the corresponding plate current may be found to be 48 X
10-6 amperes, peak. Knowing the sensitivity of the voltmeter, say 2
volts, peak value, full scale, the necessary plate resistance is found to
be 2/48 X 10-6 or 42,000 ohms. Therefore using this value of coupling
resistance, the percentage modulation will be 25 per cent whenever the
voltmeter indicating meter reads full scale, and providing the input
has been adjusted to make C correct. Other percentages of modulation

UX201/4

45

Fig. 14-Modulation Meter Circuit.
Sequence:
A closed, C closed, adjust for emission.
B closed, C closed, adjust for zero.
B closed, D closed, adjust for zero.
B closed, C closed, adjust input for C.
B closed, D closed, read K.

can be plotted by assuming K, determining the plate current (a.c.)
multiplying by the plate resistance to obtain the audio voltage and
then noting the corresponding meter reading.

In use, the plate circuit of the demodulator must be separated from
the grid circuit of the audio voltmeter because of the potentials
necessary to operate the tubes correctly. Therefore, a resistance -
capacity coupling unit is used. The parallel resistance of the combina-
tion is used as the effective plate resistance. Taps on the grid resistance
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serve to vary the sensitivity and provide full scale readings of approxi-
mately 25 per cent, 50 per cent, and 100 per cent modulation.

It is important to notice in this development that the charac-
teristics of the demodulator do not affect the reading in the least, these
characteristics being cancelled out in the simultaneous solution of
(17) and (18). A UX201A, a UX171 or a UX240 work equally well as
a demodulator, providing sufficient input is available to give the re-
quired change C in the plate current. This independence in the deter-
mination of K of the characteristics of the demodulator is the surest
proof of the accuracy of the method. The cathode ray and peak
voltmeter methods are not in themselves sufficiently accurate to check
this modulation meter except in a general way. Using the method
indicated in the proof, of using d2I/dEt2 as a check, establishes the
accuracy of the method.

The circuit and approximate values are shown in Fig. 14. A radio -
frequency choke and a small bypass condenser serve to eliminate the
radio frequencies before reaching the voltmeter. A single meter, a
Westingh.ouse 100 µa full scale, is used for several purposes. The
emission is set on the voltmeter as previously described for accuracy
of calibration, and the meter, properly connected and shunted, serves
to indicate the correct value. The meter is then connected successively
in the plate circuits of the first and second tubes, and the proper
"bucking" current controls adjusted to give zero reading on the meter.
All calibrations are made from this zero reading position. The meter
is then switched back into the plate circuit of the first tube, and the
modulated input adjusted with the input potentiometer to give the
full scale reading C. The meter is then cut back into the second tube
plate circuit where the reading, referred to the calibration curve, gives
the percentage of modulation direct.

Through lack of other more accurate means of checking the per-
centage of modulation, the reading cannot be depended upon much
better than within 5 per cent of the value read. The recommended
value of K for broadcast receiver testing is set at 30 per cent by the
Standardization Committee. The actual value of modulation used is
probably between 29 per cent and 31 per cent, a truly negligible error.
Recalibration after six months' use showed no change in characteris-
tics, the original calibration checking within less than 1 per cent. Its
service has been remarkably consistent and useful.

VII. Radio -Frequency Output Measurement

Having measured the input to the receiver, it is comparatively sim-
ple to measure the output. The problem is to measure the output
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without affecting the normal operating characteristics of the set. The
only real point of difficulty is in measuring the radio -frequency ampli-
fication from the antenna to the detector. Any voltmeter connections
across the tuned circuit feeding the detector will change the tuning,
increase the feedback to the antenna, and give a false measurement.
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Fig. 15-Detector Calibrating Voltmeter Circuit.

These difficulties can be avoided if the detector tube in the set is used
as a voltmeter. It must first be calibrated by noting the change in

 plate current with applied radio -frequency grid voltage. The current
is measured by opening the detector plate lead below any plate im-
pedance which might affect the operation, and inserting a meter.
This meter must be fairly sensitive, and a bucking current is provided
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to cancel the initial plate current and bring the meter to zero reading.
The radio -frequency grid voltage is measured by temporarily connecting
a previously calibrated vacuum -tube voltmeter across the tuned cir-
cuit supplying the detector. After the detector is calibrated as a volt-
meter, the vacuum -tube voltmeter is removed and radio -frequency
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amplification or selectivity can then be measured under operating
conditions. Fig. 15 shows the circuit arrangement of the detector
calibrating voltmeter and that for the detector -voltmeter. Because of
wave form and overload errors with the grid leak and condenser type
voltmeter, it is best to operate at low voltages. The detector voltage is
usually adjusted to about 1/4 volt for the average set. Connections
from the meter panel to the set are made with cords and tip jacks,
with spring clips to connect at the proper points on the set.

VIII. Audio -Frequency Output Measurement

Several voltmeters are provided to read the audio -frequency output
of the set. One is comparatively low reading, from 0.05 to 1.1 volts,
and is used for the measurement of hum and low audio output. The
other voltmeter has a range between 0.5 and 200 volts, and is used for
interference and normal output voltage measurements. As these are
never used simultaneously, a four pole double -throw switch serves to
connect the input and output circuits properly so that only one meter
is used. Except that the higher reading voltmeter uses only a single
UX201A tube, they are similar to the voltmeters previously described.
The complete circuit arrangement is shown in Fig. 16.

When measuring a radio receiver, care must be taken to prevent
any direct current from the power tube supply system from reaching
the voltmeters. If a filter circuit is provided in the receiver, this pre-
caution is unnecessary. If there is no filter supplied, a switch cuts in a
1 to 1 output transformer built to carry the plate current of large
power tubes without saturating, and having substantially a flat char-
acteristic from 30 to 10,000 cycles. As recommended by the Standard-
ization Committee, a load impedance equal to the internal plate fila-
ment impedance is used. This is connected across the transformer
secondary, and the voltage across this load resistance measured. For
convenience, five taps are provided giving 2000 ohms for a 171A,
4000 ohms for a push pull 171A, and 6600 ohms for a 120. One tap is
left open for future needs to determine the value. The fifth tap con-
nects to external posts on the panel to enable any value of load resis-

tance to be connected.
A measurement of major importance in the development of modern

a.c. operated receivers is the hum voltage present in the output. Usu-
ally the low reading voltmeter is necessary for this measurement but,
unfortunately, the higher reading voltmeter has been necessary on
some receivers. Because of the non-linear frequency response of the
majority of present day loud speakers, some correction of this hum
voltage should be made to represent the audible value of this inter-



702 Jarvis: Radio Receiver Testing Equipment

ference. The Standardization Committee recommended a filter system,
with values approximately as shown, to make this needed correction.
Readings of the hum voltage on a receiver are taken both with and
without the hum filter to aid in development or compare receivers.
As a different capacity is required with each load resistance, these
units are controlled by the same switch that changes the load imped-
ance.

In tuning the set, or adjusting the output, it is often undesirable
to have the voltmeters connected. A single closed circuit jack is
arranged to connect a loud speaker across the output of the receiver,
and opening the voltmeter circuits.

Because of the nature of the output, especially as the overload
point is approached, it is important that these voltmeters be carefully
adjusted to avoid wave form errors. The values given are approxi-
mately right for most tubes, but are checked whenever a tube is
changed. The calibration for these meters is accurate to about 1 per
cent and is very constant through long periods of time.

IX. Overload Determination
An extremely important measurement in the development and

comparison of modern radio receivers is that of distortion. Distortion,
or lack of fidelity to the original modulation frequencies, may result
from three causes. The output may not contain those frequencies and
corresponding amplitudes as were present in the input. The ampli-
tude of the output on any single frequency may not be proportional
to the input amplitude. The output may contain frequencies not
present in the input.

From the previous discussion it is obvious that proper use of the
measuring equipment may quantitatively evaluate the distortion
resulting from the first two of these forms of distortion. The measure-ment of spurious frequencies in the output is somewhat more difficult.
Several methods have been used, all having certain advantages and
disadvantages. Using a double element cathode ray oscilloscope, and
comparing the output voltage with the input voltage, gives one method
of measurement. With no other frequencies present, a straight line
results on the target. With additional harmonics present, a curved
or Lent line results. Proper analysis of this line shape gives the individ- .

ual magnitudes of the various harmonics present. The method is fairly
accurate, but rather slow, and requires that an exact replica of the
input, in proper amplitude (and preferably in proper phase, or an
ellipse results) be available to apply to the oscilloscope.

A second method is to use tuned circuits to pick out the harmonics,
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and measuring their amplitudes individually. This requires sharp
tuning circuits, often difficult to obtain at low frequencies. It also
means that the entire range of possible harmonics must be measured to
obtain the total harmonic power present in the output. The method
is rather slow, but has an advantage over the oscilloscope method in
that it is not necessary to compare the output with the input.

A third method is to use a frequency bridge to cancel the fundamen-
tal frequency and leave only the harmonics. A properly designed
"square law" vacuum -tube voltmeter may be used to measure the
effective value of all of the harmonic voltages, and therefore evaluate
the total harmonic power component. This gives no indication of the
relative amplitudes of the individual harmonics, often quite desirable,
but serves to measure the total harmonic power output from a re-
ceiver.
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Fig. 17-Distortometer Transmission Characteristic.

The frequency bridge balance method was chosen as being the most
desirable in carrying out the purpose of this measuring setup. In
order to be effective, and have the accuracy desired, it was necessary
that the bridge balance out the fundamental to less than 1 per cent of
its original value, and that all frequencies above the second harmonic
be transmitted at least 90 per cent. A Campbell frequency bridge cir-
cuit was used as the basis of this unit. The ratio between the mutual
inductance and the capacity was chosen to give a sharp cutoff near the
balance frequency. To accomplish this throughout the audible
frequency range, five steps of inductance are used, combined with the
proper capacity for balance. The frequency ranges are roughly 30 to
100 cycles, 100 to 300 cycles, 300 to 1000 cycles, 1000 to 3000 cycles,
and 3000 to 10,000 cycles.

A typical transmission characteristic is shown in Fig. 17, where the
bridge was tuned to 400 cycles. The transmission at 400 cycles is
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negligible, while that at the second harmonic, 800 cycles, is about 92
per cent. Assuming that the greater part of the harmonic power is
present at frequencies of the second, third, and fourth harmonics, the
average transmission characteristic is about 96 per cent. This assump-
tion will lead to about 4 per cent error in the value measured if all the
harmonic energy is concentrated in the second harmonic or in a har-
monic above the fifth. The average error resulting from this unknown
distribution of harmonic energy will be about 2 per cent of the value
read, a truly negligible error.

To make the instrument direct reading in percentage of harmonics,
the input is always adjusted to a value of 5 volts, whereupon any har-
monic voltmeter reading will always correspond to some specific
percentage of harmonic. Thus, if the harmonic voltage component
were 5 per cent of that of the fundamental frequency, the vacuum -tube
voltmeter would read 0.24 volt. This may be obtained as follows.
Assume that the power is concentrated on the fundamental frequency
fi and any one other harmonic fn. By assumption (as based on its use)
the total applied voltage, 5 volts, equals VE12+ En2. It is desired to
determine E when the output contains 5 per cent harmonics.* Then
E.= OnEi

Solving these two equations gives

2

En = 5
8.

(23)
1 52.

With 5 per cent harmonic, as assumed above, anis 0.05, and E= 0.25.
As a result of the transmission characteristic of the frequency bridge,
averaging 96 per cent, the actual voltage reading will be 0.24 volt.

The calculation of sufficient points in this manner and the trans-
lation of the actual voltage-meter readings to the distortion factor-
voltage calculation enables a direct reading curve to be drawn. The
instrument so designed and directly calibrated has been named a
"distortometer."

As may be seen from the development of (23), the harmonic voltage
E. is always used as E,?. Therefore E,? may be considered as the
effective voltage squared, resulting from the summation of the power
in all the harmonics, and the method is general in application. That is,
the individual harmonics may have any frequency and amplitude rela-
tion and the distortometer will still give the correct percentage of
effective voltage, referred to the fundamental, in the harmonics.

The symbol 6 is here used for the distortion factor and in general use sig-
nifies the percentage of voltage, referred to the fundamental, in any harmonicdenoted by the subscript. Without the subscript, 8 signifies the total effective
voltage component of all harmonics in percentage of the fundamental.
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The voltage -meter reading calibration is obtained by impressing
known voltages on the input of the distortometer and unbalancing the
bridge sufficiently to give practically 100 per cent transmission. The
calibration, as may be seen from the circuit diagram, (see Fig. 18)
is one which includes the input tube and the bridge circuit as well as
the voltmeter tube itself.

The output voltmeter is used in adjusting the input to the distorto-
meter to exactly 5 volts. As a result of this setup, the output attenua-
tor was placed in the distortometer cabinet. The complete circuit of

-100 4110
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Fig. 18-Distortometer Circuit.
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the connections of the output voltmeter and distortometer is shown
in Fig. 18. The operation is briefly as follows. The output of the set,
at some specified audio frequency, is cut into the distortometer by
raising the arm on the 400,000 -ohm input potentiometer. The bridge
is then tuned by adjusting the mutual inductance and the variable
capacity to give a minimum reading in the distortometer output
meter. If the output of the set is low, i.e., no harmonics present, this
minimum will be practically zero.

The output voltmeter is connected across the input terminals of
the unit by throwing the proper switch to the "in" position. The input
to the distortometer is then set at 5 volts by proper adjustment of the
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400,000 potentiometer. The reading of the output meter on the
distortometer gives the percentage harmonics. If it is desired to
determine the power output of the set at some particular value of
harmonic, say 5 per cent, the set output may have to be increased. As
the set output is increased by proper use of the volume control or by
increasing the radio input, the input potentiometer to the distorto-
meter is gradually backed off, keeping the input as indicated by the
output voltmeter constant at 5 volts. The output meter on the distorto-
meter will gradually rise, indicating an increasing percentage of har-
monic voltage. When the distortometer indicates an output reading
of 0.24 volt, the output voltmeter is taken out of the distortometer
circuit and cut back across the output load of the set by throwing
the switch to the "out" position. This measures the output voltage
of the set, and knowing the load resistance, the power output may be
calculated. As the distortometer has indicated the percentage of power
in the harmonics (0.25 per cent), the set output can be corrected for
this amount if desired.

The circuit values are indicated in the drawing and no lengthy
comment is necessary. The output voltmeter is adjusted for emission
and set as are the other voltmeters described.

To obtain a sharp cut-off on the frequency bridge, it is necessary
that the generator supplying the voltage be of comparatively low
impedance. Also, this bridge should not load the circuit being meas-
ured. A UX171A, having a low plate impedance and followed by a
4 to 1 step down transformer, serves to accomplish both objects. The
values of mutual inductance used were determined by the cut-off
necessary, their internal resistance, and those coils readily available.
The ratio is in all cases 1 to 1. The coils were placed on their cores so
that no correction for mutual capacity was necessary.

It is extremely important to use a low flux density in these cores.
Saturation otherwise will occur and the harmonies developed in these
inductances may be greater than that from the set. This is particularly
true on projecting points where crowding of the flux may saturate a
small portion of the iron even though the major iron path is quite all
right. Until discovered and corrected, this error proved an exasperating
problem.

Having a small variable condenser, the capacity range is contin-
uously variable from almost zero to 10µf, and enables the bridge to be
quite accurately set.

If some definite amount of harmonic content is agreed upon as the
maximum permissible, it is possible to specify the "maximum undis-
torted power output" of a receiver. Perhaps a better way of expressing
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this would be the "overload point." Among engineers5 a tacit agree-
ment of 5 per cent harmonic voltage in the output has been consideredas the maximum permissible. Believing the discrimination of the
average listener to be somewhat less, the Standardization Committeehas suggested that a figure of 10 per cent be used. Because of lack ofcorrelation of aural interpretation with simultaneous measurement ofthe percentage harmonic present in the output of a receiver, no definite
standard has been set. Measurements here indicate that a figure ashigh as 20 per cent would be even more preferable. In view of the
distortion produced in the average loud speaker at various resonantpeaks, the setting of a standard of distortion, or permissible distortionfactor 3, may well be postponed.

For comparison purposes, measurements at 5 per cent and 15 per
cent distortion are being made, thus partially satisfying both view-points and also indicating how rapidly the distortion is introduced asthe power output is increased.

X. Operation and Conclusions
For convenience in handling all of this equipment, printed datasheets are provided for the recording of the observed data. Two ofthese charts are reproduced in Fig. 19. Semi -log ruled curve sheets areused for plotting the audio-frequency and fidelity characteristics.Another type of semi -log curve sheets are used for sensitivity andselectivity. All curves are numbered to correspond with the sheet onwhich the observations were recorded, and with the daily log bookdescribing the purpose and results of the tests. This cross check,

together with the index, makes a complete reference system.
In conclusion, a brief summary of the major operations performedby this testing equipment will show its usefulness. By proper manipu-lation, the outfit will measure radio -frequency amplification, audio -

frequency amplification and detector sensitivity. It will show the
radio -frequency selectivity, the audio -frequency fidelity, the overall
selectivity, and the overall fidelity. The frequency range of the receiver
may be measured, and the hum voltage and the effective hum voltageof the output may be determined. The maximum undistorted output
of the receiver and the percentage of overload at output can be found.
It is a powerful tool in the development of a radio broadcast receiver.

Within the files of the booth described in the preceding pages maybe found the performance records of practically every modern radio
receiver. The vices and virtues of these receivers are revealed with a
completeness that might be shocking to their respective designing

6 This is largely based on tube distortion calculations.
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engineers. But only as the vices of these receivers are known and
corrected, and the virtues seen and appreciated, may the technical
operation be improved. It is hoped that this paper may aid in placing
the performance rating of a broadcast receiver upon the proper basis,
and that from this basis, the improvement in performance may be
never ending.

Addendum

In accordance with the idea of keeping this equipment up to date,
several minor changes have been made to facilitate the operation since
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this description was written. The advantages demonstrated by the
use of a new oscillator are so pronounced that this further addition to
the paper seems justified.

Since a considerable portion of the work of measuring the charac-
teristics of a radio receiver is done at 400 cycles, it was felt desirable
to install an electrically driven tuning fork to supply power at this
frequency. The circuit is shown in Fig. 20, and does not require much
comment. The tuning fork used was made by the Waverly Musical
Products Corporation. The oscillating circuit consists of the fork
circuit, two vacuum tubes, and associated circuits tuned to approxi-
mately 400 cycles. Two tubes were found necessary to maintain the
proper amplitude and constancy of oscillation. A UX112A as an out-
put tube was found to deliver sufficient power to modulate the radio-
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frequency oscillator to a value of about 60 per cent modulation, and
consequently no greater power output system was included. The out-
put contains less than 1 per cent of voltage harmonics, as the wave form
is extremely pure. This depends somewhat on the amplitude of oscilla-
tion; with the characteristics of the tuned circuits used no amplitude
control was found necessary.

The system is rather susceptible to mechanical vibration, and to
insure a good wave form the entire unit was mounted on a heavy brass
plate and suspended on a soft cushion support. This unit was placed
in the same cabinet as the crystal oscillator, some re -arrangement of
the parts and controls on the panel being necessary. An output switch
(not shown on the diagram) serves to connect the output to the radio -
frequency oscillator for modulation or to the monitor for calibration
uses, or to the audio attenuator for audio amplification measurements.

The use of this unit, in conjunction with the other apparatus,
greatly simplifies the measurement of selectivity. The operation is
exactly as previously described, except that the audio oscillator does
not have to be re -set on 400 cycles after the radio -frequency has been
determined. Extreme accuracy is possible. While valuable perhaps
only as a trick, a selectivity curve can be obtained with the radio
frequency at the points observed, differing by less than 100 cycles.

Another very valuable use for this oscillator is in the check and
calibration of the audio oscillator. As a result of deliberate distortion
in the monitor, many harmonics are produced from any applied input.
Consequently when the 400 -cycle oscillator and the audio oscillator
are both connected to the monitor, a great number of "beat" calibrat-
ing points are obtained. The detail of calibration is limited almost
solely by the ability of the operator to determine the order of the
harmonic and thereby the absolute frequency.

It is certain that this oscillator is a valuable addition to the testing
equipment, resulting in both a saving of time and an increase in the
accuracy of its application.
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MEASUREMENTS OF THE HEIGHT OF THE KENNELLY-
HEAVISIDE LAYER*

BY

G. W. KENRICK AND C. K. JEN
(Moore School of Electrical Engineering, University of Pennsylvania, Philadelphia, Pa.)

Summary-In this paper we have sought to offer some further contribution
to the Kennelly -Heaviside layer problem; first, in the form of experimental data
showing clearly evidence of the diurnal cycle in layer height, and secondly, in the
form of a discussion of methods for the interpretation of group time and phase
retardation experiments and the problem of determining the relationship between the
"virtual" and "true" heights. Methods of successive approximation for arriving at
the "true" height, from group time or phase retardation measurements, are also dis-
cussed and applied. Close accord is found between the results of these methods and
the approximation used by Schelleng in a recent paper. The results shown in Fig. 16
also indicate the necessity for further experiments in the important frequency range
from 1 to 4 megacycles where no data are available.

THE past few years have contributed much theoretical work and
varied experimental data of importance to the problem of
determining the properties of the Kennelly -Heaviside Layer

and of predicting quantitatively therefrom radio transmission phe-
nomena. It has become evident, however, that the phenomena in-
volved are so many and varied that a considerable mass of experi-
mental data will be necessary before even a semi -quantitative theory
of radio transmission will be realized.

Our knowledge of the constitution of the upper atmosphere is so
limited that it seems probable that many of its properties will have
to be determined by suitably chosen radio transmission experiments
before sufficient information will be available for constructing a
quantitative transmission theory. Important in this group are experi-
ments dealing with the height of the layer.

One of the objects of this paper is to present a small further con-
tribution to this store of data. However, a brief summary and com-
parison of accumulated data in the light of recent theoretical contribu-
tions, and results readily deducible therefrom, seem appropriate at this
time.

As has been frequently pointed out, the phenomena of short-wave
transmission are more in the nature of a diffraction than a reflection,

 Dewey decimal classification: R113.4.Original manuscript received by the
Institute, December 3, 1928. Presented before meeting of the Philadelphia
section, November 23, 1928.
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and the region of the atmosphere of importance in the turning back
of waves may be many kilometers in depth. Under these conditions,
the terms "layer" and "height of layer" may be misleading unless
carefully defined. By "true height of layer" to a ray we will under-
stand the highest point reached by the ray during its trajectory. By
"thickness of layer" we will understand the difference between the

Fig. 1-Transmission from NKF on 4435 kc as Received at Philadelphia
on the Evening of September 30, 1928.

height defined above and the lowest height from ground at which the
electrical properties of the atmosphere produce an appreciable altera-
tion of the wave trajectory (see Fig. 11). Both of the quantities de-
fined above are, of course, functions of frequency and also the initial
angle of the ray.

In one of the major types of experiments which have been used
to measure the height of the Kennelly -Heaviside layer, the difference

Fig. 2-Transmission with 500 -cycle Modulation on October 17, 1928
at 1:45 P.M. Eastern Standard Time.
Note effects of multiple transmission paths.

in group retardation time for a sharp jab or pulse transmitted over
two different transmission paths (as, for instance, the ground and
first refracted wave paths) is measured.' Another of the major types
of experiments measures the difference in wave number over several
transmission paths.2

Breit and Tuve, Phys. Rev., 28, 554-575; 1926.
2 E. V. Appleton and M. A. F. Barnett, Proc. Roy. Soc. A, 113, 1926. J.

Hollingworth, Jour. I. E. E., 64, 579-595; 1926.
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In each case computations of height have almost universally been
arrived at by picturing the transmission to take place between two
perfectly conducting, sharply defined planes or spheres at the surface
of which the waves were reflected without phase change, although the
investigators have in all cases been careful to emphasize that the
heights so obtained were not the true heights as defined above. We
will term the apparent height thus computed the "virtual height."

It is not a priori evident, for a given layer and frequency, that the
results which would be obtained from these two types of experiments
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Fig. 3-"Virtual Heights" Obtained during 24 -hour Observations, October 7th
and 8th, 1928. (a) Observed at Moore School of Electrical Engineering,
University of Pennsylvania. (b) Observed at Department of Terrestrial
Magnetism, Washington, D. C. Transmission from Naval Research Labora-
tory, Washington, D. C. on 4435 Ice.

would yield the same value for the virtual height, nor is it evident
how great a discrepancy exists between the values thus obtained and
the true height.

I. RECENT EXPERIMENTAL RESULTS

Recent experiments carried on at the Moore School of Electrical
Engineering of the University of Pennsylvania in collaboration with
the Department of Terrestrial Magnetism and Naval Research
Laboratory have furnished further experimental data using the pulse
method.
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The transmission was in the form of single sharp, widely separated
pulses produced by means of a multivibrator circuit already described
in the I.R.E. PROCEEDINGS. The form of the groups of received pulses
at Philadelphia (showing clearly the effects of multiple transmission
paths) is shown in Fig. 1. In some tests, where 500 -cycle modulation
was employed, a received signal of the form shown in Fig. 2 was
obtained.

In the experiments described here transmission was carried on
from the Naval Research Laboratory at Washington (NKF) during
alternate half-hour intervals. Simultaneous transmission was fur-
nished from two separate transmitters on the frequencies 4435 kc
and 8870 kc. Presumably as a result of skip distance phenomena
the higher frequency was not consistently received in Philadelphia
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Fig. 4-Electronic and Ionic Densities as Functions
of Height and Time (Pedersen).

or at the Department of Terrestrial Magnetism. Faint signals on the
frequency 8870 kc were secured when 500 -cycle modulation of the
form shown in Fig. 2 was employed, but the pulse transmission was not
audible or oscillographable at the Philadelphia station.

In Fig. 3 the virtual heights obtained from a 24 -hour run on
October 7 and 8, 1928, are shown. The full curve shows the results
computed from data obtained at Philadelphia, while the dotted curve
shows the results reported by the Department of Terrestrial Mag-
netism. It will be noted that the form of the curves are in essential
agreement; i.e., each shows a consistent daytime height rising rapidly
during the early evening, then more slowly and finally rising again
rather abruptly to a maximum value just before dawn. After sunrise,
the curves fall rapidly to the daytime value. A slight tendency for
the night values at Washington to lie below those at Philadelphia
is indicated by these curves, but the precision of measurement is not
at present sufficient to render this difference conclusive for, due to
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oscillographic difficulties, the speed attainable is, at present, limited
at Philadelphia to about that shown in Fig. 1. Under these conditions
a 10 -km difference in height is about at the limit of experimental
precision.

II. METHODS FOR THE REDUCTION OF VIRTUAL HEIGHT DATA

With the rapidly increasing store of group time data of the form
presented above, and of data involving phase retardation measure-
ments, some further quantitative consideration of the ratio of the
virtual heights obtained by means of such measurements to the true
height seems appropriate, for such a reduction is an essential pre -
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Fig. 5-Refractive Index as Functions of Height and Frequency (Pedersen).
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requisite to a determination of the distribution of electronic and ionic
densities in the upper atmosphere and its diurnal variation to which
the shape of the curves shown in Fig. 3 are supposedly attributable.

Were this distribution known analytically, the problem of deter-.
mining the ratio of "true" to "virtual" height (which we will denote
by h/h') would be analytically formulatable, although the apparent
complexity of the problem supposedly renders the chance of the
exact integration of the differential equations involved somewhat
dubious. In the absence of such data, it is necessary to secure from
other sources some tentative evidence as to this distribution upon
which preliminary calculations may be based. From these calculations
it is possible, given sufficient data from radio experiments, to proceed
by methods of successive approximations to an experimental deter-
mination of the actual distribution. These methods will be indicated
in the course of this discussion.
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After a comprehensive survey of the evidence available, Dr. P. 0.
Pedersen in a recent book' has evolved curves, giving what he con-
siders the best estimates for the variation of electronic and ionic
density in the atmosphere as functions of height and time. Some of
the curves thus obtained are shown in Fig. 4. While the extremely
limited available data upon which these curves are founded necessarily
renders them controversial,' some of the general properties exhibited

are in all probability in accord with the truth.
A substitution of the. data on electronic and ionic densities into

the well known equations for effective dielectric constant and con-
ductivity as obtained and applied by Nichols and Schelleng, Taylor
and Hulburt, Breit and Tuve, and others,' gives the index of re -
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Fig. 6-Refractive Index vs. Height. (a) 4435 kc. (b) 8870 kc.

fraction curves shown in Fig. 5. A curve for the frequencies 4435 kc
and 8870 kc is shown in Fig. 6.

As has been frequently pointed out, the elementary considerations
of geometrical optics' show that, neglecting dissipation and magnetic

resonance phenomena, the maximum depth of penetration of a ray
does not exceed that at which the refractive index equals the sine of

the initial angle of departure of the ray with the vertical. From Fig.
5 it is evident that according to Pedersen's curves for the ionic and
electric distribution with height, for co -=3 X107, the actual penetration

s See "The Propagation of Radio Waves," by P. 0. Pedersen. "Danmarks
Naturvidenekabelige Samfund," Copenhagen, 1928.

4 Rather different estimates have been recently arrived at by Hulburt which
are not in accord with Pedersen's estimates of temperature or with his assump-
tion of the lack of diffusion in the upper atmosphere. Hulburt's results give
much higher values for the height of the layer. See Phys. Rev., 31, 1928.

5 See Pedersen, page 122. He carefully reviews this material, and extends
it to take into account dissipation terms, in many cases omitted in the original
treatment.

See p. 175, Pedersen.
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of rays and hence the length of curved path in general is small. It ap-
pears possible, therefore, that the curvature of the wave trajectory
and errors introduced by the assumption of a triangular trajectory
may, in some cases, have received somewhat exaggerated emphasis.
A curve showing the height of layer as a function of frequency and
,o as obtained from Pedersen's n curves is given in Fig. 7.

Let us consider this question in greater detail with a view to es-
timating the magnitude of departures between real heights and virtual
heights estimated on the assumption of a triangular trajectory and
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Fig. 7-Height of Layer as Functions of Frequency and oh (the initial angle of
departure from vertical) as Calculated from Pedersen's n curves (Fig. 5-
summer day).
Note that the height thus obtained is probably low.

a velocity of propagation equal to that of light. Breit and Tuve have
proved the interesting and important theorem that, in the absence of
dissipation or important magnetic effects, the time required for the
group signal to traverse the actual curved trajectory is the same as
would be required for the group to traverse with the velocity of light a
triangular path with the same initial angle of departure as the actual
trajectory (see Fig. 8). It is only necessary, then, to compute the
equation of the actual path, and to determine the ratio of its maximum
ordinate to that of the apex of the triangle in order to compute the

value of . for the case of the group time type of experiments.
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III. DIFFERENTIAL EQUATION FOR THE RAY PATH'

Let us compute, on the diffraction theory, the differential equation
of a ray starting at an initial angle 00 in a medium of gradually varying
index of refraction n (which we will subsequently consider as a function
of y). We will assume the ray to start at a point where the initial

,11, ,

Fig. 8-Equivalent Wave Triangle.

index of refraction is unity. Our fundamental formula of refraction
gives us for the angles of incidence and refraction between two media
no sin cpo = n1 sin cki ; when applied to a gradual boundary this becomes8

n sin cfi = no sin ctio = Constant (III -1)
Since no =1 in vacuo, (III -1) becomes n sin = sin 00

n2 1
=1 + cote

sin' 00 sin2 cp

but
dy

= cot si)
dx

dy n2-= 1. ( III -2)
dx Vsin2 cpo

Which is the required differential equation of our path.

IV. THE VARIATION OF n AS A FUNCTION OF y

In order to determine the equation of the ray trajectory in in-
tegrated form, we require the analytical equation for n as a function
of y. Pedersen's computations of ionic and electronic density from
an assumed atmospheric constitution (the results of which are shown
in Fig. 4), and the equations which connect these estimates with the
refractive index n are sufficiently involved to render small the chance
of the determination of a general equation for n as a function of y

See Pedepen, p. 171.
s In this analysis we are neglecting earth curvature, an assumption which

greatly simplifies the subsequent integrations. Most of the experiments so far
carried out are not over sufficient distances to render earth curvature important.
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which will satisfactorily express the entire family of curves for n
shown in part in Fig. 5, and at the same time when substituted in
equation (III -2) result in integrals which can be evaluated in terms of
known functions.

Fortunately, however, the portions of the n curves which are of
importance in our calculations of ray paths as a function of y (i.e., the
portion corresponding to a decreasing n) are approximated rather
satisfactorily by several forms of empirical equations which at the
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Fig. 9-Showing K(y) (equals y/14) as a kenetron of n in cases (as (I.) and (c)
when the constants s, r, E and d, are adjusted to give the same values of od/0 in
each case.

same time lead to relatively simple integrals. The three types of
equations which we will consider in this paper are

(a) n V1 - ry

where r= a constant
y = height above the altitude where n starts to vary appreciably.

(b) n -=-V1 - sy2

where 8 is another constant and y is the same as in (a).
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( c)
ry

n= /1 -E sin' --
2d

where E and d are constants.
The form of these empirical curves is shown in Fig. 9.

V. TRAJECTORIES OBTAINED FROM THE EMPIRICAL EQUATIONS FOR n

(a) - ry. (V -1a)

Substitution in (III -2) gives
dy -x.

Jo Vcot2 4:00-ry/sin2 cPo

Which yields on integration the parabolic path

2 sin'
cot 00 V cot' cpo

sm2

This may be written

cos' 00 r i sin' 00
x

r
Y =4

sin' 00 L r
but

= x .

C082 4/0
ymax= or n. in = 1 - cos2 cko = sin 400.

r

This checks the condition pointed out in III, i.e., the ray attains
a maximum height h for which nk = sin cto=nmin. The x coordinate
corresponding to the maximum value of y is also obtained as

2 sin 24), cot ch 2 sin (fro cos cfro - y...tanX0 - 2 (V -2a)
r r

or
X0

2 tan ri)() (V -3a)

In other words the maximum height attained by the ray for this
type of variation of n with height (which yields a parabolic path) is
just one half of the maximum height attained in a triangular ray
trajectory having the same angle of departure.

Ymax

(b) n= VI - ay' (V -1b)
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As in (a), substitution in (III -2) gives

dy

fo 1 sy24/
sin2 cpo

or
sin 00 sy

Bin-' 1 1=x
cos 0o/

i.e.,

1

x

cos (6o VI;
y= sin x (V -2b)

sin Qh

The maximum height attained during the trajectory is again

cos 4,0
Ymax = (V -3b)

V8

the substitution of (V -3b) in (V -1b) gives

= sin 00

which again checks our fundamental theorem in III.
The ratio of the actual maximum height attained to the height

attained by a triangular trajectory of the same initial angle of de-
parture is from (V -3b)

cos cko

Ym.. 2

yi 7 sin Cko 7
cot 4o

2 Nra

(V -4b)

In other words for this type of trajectory the maximum height

attained by the ray is -2 times the maximum height of a triangular

trajectory having the same angle of departure.
(c) We still have to consider the interesting form

n= /1-E sin2 y. (V -1c)

Proceeding as in cases (a) and (b), we are led upon substitution
in equation (III -2) to

dy

cots 00
E iry

sin2
sin2 ir/h) 2d

-x.
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Letting --=y' and performing a few obvious simplifications we are2d
led to

Letting

1
X =

cot 00

E
sine yi =sin2 Z

SW 44

we have, changing the variable again,

(tan 00)(2d) 8i0-11/ E dZx= woo. - (V -2c)
_ Jo

cos (too VI cos 44
sin 2ZVE

Letting the limit of the integral become as large as possible (ex-
cluding imaginaries) we have

dy'

E
sin2 y'

cost (Po

Or

E Ty
sin -4 sin -= 1

cos' 00 2d

Ty. cost lko 1 -sing 00
sin2

2d

This gives on substitution in (V -1c)

nmi = s/1- (1 -sine 00) =sin 400,

again our familiar criterion. Our integral then becomes
2d

tan 4:io

x=
r r/2 dZ

- sin200 0 (1 - sin' (60)
1

E
sin2 Z

(V -3c)

(V -4c)

The tabulation of this complete elliptic integral of the first kind
cos (too .F(13, a) as a function of 13 (equals

2
-) and a = sin-' is avail-

able in tables or graphs.' In this case we have, for our ratio of actual
o See "Jahnke Einde Funktiontafeln," p. 53.
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maximum height to the maximum height attained in a triangular
trajectory of the same initial angle,

d coed.°
- sin-'

MIME 7r E

y1 d sin cos (ko\ch (-
VE cot ckoF =-;

r cos' cko 2 VE /

y
cos otoo sin1-

ma. rg
Y1

2 - E

(V -5c)

Values of the ratio yin../y1 for all three cases are shown in Fig. 10
(for case (c) computed for 00= 45').

o.e

0.4

0 . 2

-----4
rr.

130 5 0.6 0.7 0.8 0.3
canatont I n assumed *rot ion

Fig. 10-Showing ym../V
(a) n -ry
(b) n = V1 -81/2
(c) n = VI -E sin v/2dy

J.0

It will be noted that even in case c this ratio is surprisingly constant
except near the critical angle for which sine )0= Nir---E beyond which rays
are not turned back. It will be noted that this form of solution is im-
portant in that it gives a minimum value for n and hence exhibits skip
distance phenomena which are absent in the other cases since the
equation chosen for n goes to zero.

 This is perhaps not the best form of empirical equation for the case chosen
in that the minimum given is cuspidal. (for another possibility, see Pedersen
p. 180, eq. 24.)
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VI. COMPUTATION OF THE RATIO OF TRUE TO VIRTUAL HEIGHT
h'

The results of the previous section lead us directly to the ratio
of true to virtual heights.

It will be noted that we have in each case obtained the ratio
max

of the highest point reached in the wave trajectory above the
y

height at which n starts to vary to the distance y' of the virtual
triangle (for the group time case) above this same plane.

0.36
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068
0 'ox 1000 3009

Erwcy,,e,,cy in "--,kcyda.r

Fig. 11-Correction Factor (h/h' =1-ocl/h') for "Group Time" Measurements
of Heights. Figs. 14 and 15 Are Used for Estimating ad and h', respectively.
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As shown in Fig. 12 the total trajectory consists of this path plus
two straight curves representing the path of the rays in the lower
atmosphere.

X

Letting
Y011at

=77 it is evident that we have from Fig. 12 by
y

simple geometry

or

that is

h d-Fymaz

h' it'

h d±y1 y'-y.,z
h' h' h'

h (1-n)y'
h'

(VI -1)

(VI -2)
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nY' = bd (VI -3)

this gives us our required result, i.e.,

h' n

(1-77) ad-1 (VI -4)
h'

The factor
1- n-

is readily computable for cases (a), (b), and (c)

of Section V by reference to Fig. 10.

It will be noted that the values of -n in most cases differ but
1-ri

little from unity so that rather closely (exactly in case (a))

It ad

h' h'

7! T
4

T
sd /

h

8

(VI -5)

Fig. 12-Showing the Entire Upper Path of Wave Trajectory PQR is the Curved
Portion of the Path When the Vaying Refractive Index Differs from Unity.

A simple result useful for a rapid visualization of the order of
magnitude of the differences between real and virtual heights in any
particular case. It will be noted in particular that when .5d is small
(i.e., when the layer is sharply defined) these heights are in close
accord.

The results thus obtained by using the values of ad computed
from Fig. 14 are shown in Fig. 11. (See Section VIII.) These curves
are necessarily tentative by virtue of the inadequacy of the available
experimental data.

As used in this paper, it is evident that the quantity ad is an im-
portant one, and careful consideration should be given as to its choice.
From this discussion it would appear that ad should be the distance
from the lowest point at which the variation in n produces "an appre-
ciable alteration of the wave trajectory." It is evident that a more
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quantitative definition is highly essential. The most satisfactory
quantitative definition is to be found in the relation of 5d to the con-
stants in the empirical equations used to compute the ray path, thus

cost 4:4,
for equation (V -1a) &d= etc., In other words the quantity

r
5d (see Fig. 12) should be so chosen that the empirical equation used
will give the best possible fit to the n curve. The fit obtained for a
particular case is shown in Fig. 9. We denote by Odo the value of ad
when 00=0.
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Fig. 13-Correction Factor (h/h' =1-d/3h') for "Phase
Retardation" Measurements of Heights.

Sere

VII. PHASE RETARDATION EXPERIMENTS

In the previous sections we have shown how the ratio of true to
virtual heights of the wave trajectory is computable in the case of
group velocity experiments; let us now proceed to a comparison of
such results with those obtainable from phase retardation measure-
ments. The procedure in such experiments is to vary the frequency
over a small but finite range and to measure

0(N1-N2)
Of

Where N1= The number of wavelengths in path a,* let us
say the sky path.

N2 = The number of wavelengths in path b, * let us say
the ground path.

a and b may, of course, be any two transmission paths.

(VII -1)
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w
f=-= transmitted frequency

2r
Af= Change of transmitted frequency.

A(Ni -N2) =Change in NI -N2 due to the change f.
If we define the wave number N by the equation", 11

ds
N=fTp= f- (VII -2)

Whereds = the element of arc along the path under consideration.
X = wavelength at the point on the path at which ds is

measured.
then N=fT, (VII -3)

and by substitution in (VII -1)

AN fAT-I-T,Af-FAIIT (VII -4)
Of Of

Admitting the approximation

AN dN (VII -5)
of - df

We may show that to this order of approximation the value of

AN
equals AUTP) ) approaches the value of Tg, i.e., the group

Af Af
time as measured in group time experiments.

This may be proved as follows:
We havel2

To= f-ds (VII -6)
u

where: To= group time; but, also

dfu-
d(1/X)=group

velocity

have i d ids\ d ids dN _d(fTp)
Tg= J -df\--x 1=7:1f J x- df - df

(VII -7)

10 In the subsequent analysis we will write for brevity N for a certain com-
ponent (either N, or N2). We will proceed with the analysis for this component.
Evidently no generalization is lost and we may proceed to obtain expressions for
NI - Ar, etc. by subtraction of two such results wherever these are pertinent to

the discussion.
" See Pedersen, p. 175.
12 Breit and Tuve, Phys. Rev., 28, 571, 1926; equation 10. Also Pedersen,

p. 170, equation 46.
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It should be carefully noted, however, that this does not imply
that T, is equal to Tg. Actually, if we neglect dissipation it follows"
that

ds

c

ndsTp = /if f-
X
= - (VII -8)

while for this case since"

and

n2 =1

u=cn

4rNe2

mo,2

dsTg= f
cn

It should be noted that, insofar as equation (VII -5) is justified,
phase retardation experiments may be used, by virtue of equation
(VII -7), to compute To which in turn may be used to compute virtual
heights which will, for a given layer, be in accord with those computed
from group time measurements. The correction factors deduced in
Section VI are evidently applicable to virtual heights thus computed.

In his recent paper Mr. J. C. Schelleng proceeds to use equation
(VII -11) in a somewhat different manner: he writes

d(Ni - N2)
(T 1- T g,) =

df
(VII -12)

1
(N ,- N,) f, = ---'

fu
(T 9- T g,)dj (VII -13)

/0 0

He now identifies the sides of a triangle with the difference of
wave numbers N1-N2. See Fig. 13.

It should be carefully noted that the altitude of this triangle is in
no sense the altitude of the triangle computed from group time data
and giving the group time virtual height. This fact is, of course, well
appreciated by Mr. Schelleng who presents this triangle as a much
closer approximation to the true height of the wave trajectory h.
Pedersen has in fact proved that this triangle is indeed a very good
approximation; our analysis is in accord with this statement but
enables us to find for certain given assumed equations for n=f(y) the

f ds
exact closeness of accord. Thus we have only to compute the N= -

X

" See p. 170, Pedersen.
14 See pp. 174-75, Pedersen.
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over the actual paths given by equations (V -1a), (V -1b), and (V -1c)
and then compute the height of a triangle having the same wave
number N.

Let us do this for the simplest case; i.e., when n = Vl-ry we have
the curve represented by Fig. 12, considering the curved path of the
wave projectile first (i.e., curve PQR (see Fig. 12)) that the number
of wavelengths for infinitesimal length ds is

dsdN =- 
X

The number of wavelengths for PQR is hence

Q dsN =2 f -
P X

but since
sin 00

n -
sin ck

ds= i/ 1+(c, dx= n dx
dx sin 00

Or

ds=

assuming

dy
n-dx

dx

dy
sin 00-dx

n2 =1 - ry

where r = constant
y = height (vertical) from P

d(n) 2
dy =

r
also

dy
=

n2

dx sine
1

00

. ds-

n--d(n)2
r

sin 44V n2
1

sin 0.0

=
nd(n) 2

r-Vn2 -sin24,0
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Noting that

1 n

X X0

when

sin (1) _ _1 X

sin do n X0

N Q ds r ndn2 1 n2 dn2
2 Jp X r-Vn2- sm2 (1)o X rX0 Vn2-sin2

(1,0
Let

Z =n2

then Z =1 at P, and Z =sin2q50 at Q. Hence
N r Q dS 1 rain... ZdZ
2 Jp X rX 0 1 v/Z-sin24>o

But

1

= (z -sin24)0)8i2 + 2 sin2q50VZ -sin200isini
rX0

N 2 cos 2

2 71.
1-

3
cos' 00]

0

cost (fior -
od

from which it follows that
N rQ dS 25d 2

n
1

2= Jp X cos (1)0X01_ 3 °J
The above expression gives the number of waves for the curvedpath; the actual path has, by referring to Fig. 12

Ntotal (sec 00)(h- od) 2Sd

Xo

2+ (sec (1)0) [1--
3

C082 00]2 Xo

We wish to find a triangle with the same wave number and samebase. The altitude of such a triangle is
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h' = N/(ETOVT11-1- (1 -4 cos' 00)(8d) ' - (tan2410) (h + Sd) 2

( h
By solving for the correction factor - from the above, we get

h'

h 16
-117=.1 V1+-9 (sin2q50)(1175dI

or by expanding

h +it 8 32 Sd
+

9
(sin2c/h) h7 -%.(sin400) (17)

h' h
-I- .

Sd
It will be noted that -

h'
is a small quantity (usually less than

ten per cent) and sin 00 is also small for most experiments. Thus,
the product of the squares of two small quantities will be negligible.
Hence

h 1(-ad\

h
This, again, expression for -

h'
(for group case)

-except for the reversal of sign and the new factor 1/316. In other
words the equivalent triangle, which has the same number of waves

10 2 33 7 ,. f .7 . 7 gr

cc. (N)

Fig. 14-Electron Density as a Function of Height, as Deduced by the Method
of Successive Approximations. Compare with Fig. 4.

0 -, 4 S 7 ,e

as the actual path, has a lower height than the "true" height of the
layer. This explains the too large wave number obtained when the
triangular height is taken to be the "true" height."

" See Section VI.
" See Pedersen, p. 176.
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The correction factors obtained from the wave number consider-
ations (using values of 5d, estimated from the N and n curves of
Figs. 14 and 15) are given in Fig. 13. These factors are evidently
highly approximate because of the very limited experimental data on
which the N and n curves are based.

VIII. RESUME OF AVAILABLE DATA AND METHOD OF
SUCCESSIVE APPROXIMATIONS

In Sections IV to VI of this paper we have sought to outline
methods by which the ratio of "true" to "virtual" heights may be
computed in any case in which the equation for the refractive index
n is a known function of y; we have investigated the results obtainable

2f0

/00

$0

44;SWC

o of0.2 03 at 0.3 06 02 0,1 09 "a
RefrocNry Awe,.

Fig. 15-n as a Function of Height for f =4435 kc.
Note that the curve goes to a higher level than that given in Fig. 6.

by the use of these methods and several convenient empirical equations
for n. It is interesting to note that the results of computations on
several rather different assumptions give relatively constant and
simple relations for the ratio of true to effective height h/h' in terms
of the thickness of the n layer 5d to which the wave penetrates.

In a recent paper'' Mr. J. C. Schelleng has presented a brief
summary of most of the virtual heights thus far determined by experi-
ment. His estimate of wave numbdr height shows a slow linear varia-
tion of this height with frequency. As is emphasized in his paper, the
estimate is based on an assumed linearity of the experimental virtual
height -frequency curve which is probably not the exact form which
will develop when more data becomes available. However, it is
interesting to compare value for the corrected height obtained by the

17 Pam I. R. E., 16, 1471; November, 1928.
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rather different methods of Sections VI and VII with Mr. Schelleng's
estimates. It is interesting to note that the mean height obtained in
the experiments described here falls closely on the straight line
approximation for the virtual heights as obtained by Schelleng (and
used for the virtual height curve in our estimates).

As our first approximation we apply the correction factor (h/h' =
ad

1- -) as obtained from N and n curves derived from thishiun-
corrected (virtual) height curve. From the new height so calculated
we can make a second approximation for the electron density N in
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Fig. 16-Showing a Comparison of the Experimental Data, Schelleng's Calcu-
lated Height, and the Present Estimate of the "True Height" by Successive
Approximations.

the upper atmosphere at different heights. The new N curve enables
us to calculate again the curves of index of refraction n for various
frequencies and so on. The final curves obtained in this manner (for
f =4435 kc) are shown in Figs. 14 and 15. It will be noted that this
gives a more gradual of n with height, and hence a larger

ad
value of the correction factor 1-- than indicated by Pedersen's

h'
estimates (see Figs. 4 and 5). The corrected height obtained by this
method is shown in Fig. 16. This curve approaches reasonably close
to the estimate made by Schelleng; in fact the corrected height ob-
tained from his wave number heights by the application of the appro-
priate correction factor for this case (see Fig. 13) gives a curve which
coincides with the new true height curve to a precision at least as
great as warranted by the limited data on which the virtual height
curve is based.
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MEASUREMENT OF THE FREQUENCIES OF DISTANT
RADIO TRANSMITTING STATIONS*

BY
G. PESSIONt AND T. Goitio2

('Captain Royal Italian Navy, Rome. Italy; 'Chief of Radiotelegraph Laboratory, Royal Experimental
Institute of Communications, Rome, Italy.)

Summary-The equipment installed in the Italian Royal Experimental
Institute of the Communications for radio frequency measurements is described.
The measurements are based upon the utilization of harmonics generated by the
Abraham multivibrator controlled by a 1024 -cycle tuning fork. The factors which
can influence the variation of the tuning fork, with special regard to the action of
temperature, are examined. A simple and rapid method is described, which permits
of control of the frequency of the tuning fork at the beginning and at the end of each
measurement, and determines, with great accuracy, the frequency of the harmonics
between which the wavelength to be measured is included. Such a method consists
in comparing the frequency of the tuning fork with that generated by an alternator,
and in recording, through a chronograph, the beats included between the two fre-
quencies, the number of revolutions, and frequency of the alternator together with
the time furnished by a pendulum of the Astronomical observatory.

Some examples of calibrations are reported, showing that the degree of precision
assured varies from 1 to 5 per 100,000.

HE problem of measuring the frequencies of distant radio
transmitting stations with the best possible accuracy has
recently seriously attracted the attention of workers in the

radio field. This problem was not fully appreciated in the past.
It was not a rare thing to find wavemeters giving uncertainties of the
order of several per cent even in some of the principal radio stations.
At the present time the question of precise measurement of the fre-
quencies of radio transmitting stations has become of utmost impor-
tance because of the great increase in the number of radio stations,
many of which, as for example, broadcasting stations, must be op-
erated simultaneously. As a result, all the most important laboratories
are now equipped for radio -frequency measurements of the highest
precision.

In Italy the necessity of undertaking special studies and researches
in the various government laboratories for the purpose of construct-
ing radio -frequency standards was pointed out last June by Prof.
Corbino, President of the Italian Committee of the International
Union of Scientific Radiotelegraphy (U.R.S.I.)

Recently the Superior Committee for Vigilance on Italian Broad-
casting, presided over by Senator Tittoni, recognizing the necessity

* Dewey decimal classification: R 210. Original manuscript received by the
Institute, October 15, 1928. Revised manuscript received, November 14, 1928.
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of checking the frequencies of the emitted waves of the Italian broad-
casting stations, charged the Ministry of Communications with the
execution of these high precision measurements.

The object of this paper is to describe the apparatus used in the
Royal Experimental Institute of Communications for the measure-
ment of long and medium waves between 100 and 30,000 meters
(3,000 and 10 kc). The system is based on the well known principle
of harmonics produced by means of the Abraham multivibrator.
The set employed can also be utilized for the measurement of shorter
waves, but we believe that measurements of this kind should pre-
ferably be made with other methods, the description of which will be
contained in a later paper.

.Z74410 40:1:1
or ,e4. Fedi' smear  11.

Fig. 1-Circuit Used in Measuring the Frequencies of
Distant Radio Stations.

The multivibrator fundamental frequency is synchronized by

means of a tuning fork giving approximately 1024 cycles per second.
The tuning fork is operated and maintained in oscillation by the Eccles
triode circuit, in the plate circuit of which is inserted the primary of a
transformer whose secondary is in series in the multivibrator plate
circuit (see Fig. 1).

Using this arrangement, when the multivibrator is approximately
tuned to the tuning fork frequency a synchronizing effect takes place
over a rather broad zone in the neighborhood of the tuning fork fre-
quency. Thus the difficulty of a continuous control of the multivi-
brator frequency during the measurements is completely avoided.

Two heterodyne generators complete the setup. Fig. 2 illustrates
the arrangement of the measuring apparatus.

Normally only one heterodyne generator is used. When it is

necessary to standardize the shorter waves of the above -mentioned
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scale of frequencies the other generator is adjusted to the harmonics
of the first one. Both heterodynes can be used for determining the
order of the harmonics. For instance, the 96th harmonic of the mul-
tivibrator can be more easily found as the 8th harmonic of the 12th,
or the 6th harmonic of the 16th, than by picking it up directly.
Moreover, uncertainty is removed when there is the possibility of
determining a particular harmonic by two different methods, es-
pecially when there is no possibility of obtaining adjacent harmonics,
as in the example above. After the harmonics are identified, the cali-
bration of the wavemeter is easily obtained by measuring with it

LONG WAVE
HL-TFAzooymE

TUNING- FORK
.5

I VcrioaRATOR
SNORT WAVE AMPLIFIER

HETERODYNE

Fig. 2-Interior View of the Radio -Frequency and Calibratiom Set.

the frequencies of the electron -tube generators, successively adjusted
to the different harmonics.

The measurement of a transmitting station frequency is obtained,
first by synchronizing one of the generators on the unknown frequency,
by means of a non -oscillating receiver, and then measuring that gen-
erator frequency with the calibrated wavemeter. If a very high
precision is required the heterodyne oscillator may be used as a fre-
quency meter. At the time of the measurement the multivibrator
is adjusted to frequencies very near those to be measured and the
corresponding reading of the heterodyne condenser observed. By
successive interpolation the value of the frequency is obtained,
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which corresponds to the condenser setting for which the condition
of zero beat exists between the heterodyne and the incoming signal.
Every possible precaution should be taken during this procedure for
maintaining the frequency of the heterodyne constant.

The piezo-electric crystals, now widely used in radio, can also
be considered as high -frequency tuning forks, having a low tempera-
ture coefficient and sufficient stability to permit their use in the con-
struction of very good secondary standards of frequency. The cali-
bration of a piezo-electric crystal can be obtained by connecting it
in the usual circuit, and then measuring its frequency by means of a
calibrated electron tube generator. The same procedure described
above for the measurement of a transmitting station frequency is
used.

The tuning fork calibration, which is undoubtedly the principal
problem connected with this kind of measurement, has required the
development of a rapid and easy method, capable of giving satisfactory
precision. This is obtainable in the usual electrotechnical laboratory
practice.

First, it is necessary to consider how far it is possible to rely on the
constancy of the tuning fork frequency.

It is known that for a tuning fork the number of vibrations of the
fundamental frequency is directly proportional to the prong thickness,
inversely proportional to the square of its length, and directly pro-
portional to the square root of the fraction E/D, in which E is the
modulus of elasticity and D the density of the steel of the tuning fork.
Temperature, which affects directly the modulus of elasticity, is the
principal factor influencing the frequency of the tuning fork (fre-
quency).

It is known that between N, which represents the tuning fork
frequency at temperature t, and N., which is ,the same frequency at
zero degrees C, the following relation exists:

N = N (1 - - flt2)

Normally, S is very small and t2 can be neglected, but the co-
efficient a in the common steel tuning forks varies between 0.000088
and 0.00012. Consequently, in the ordinary tuning forks there are
frequency variations due to temperature changes which may be in
some cases of the order of several parts per thousand.

In the electrically -driven tuning forks, other factors besides the
temperature have an effect on the frequency stability, but their effects
are not marked. It is known that the tuning fork frequency decreases
when the amplitude of the tuning fork vibrations increases. Con-
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sequently, it is clear that any variation in the excitation current
(that is, the filament current of the vacuum tube), or of the capacity
shunting the exciting coils, or of the load applied to the secondary of
the transformer, is accompanied by corresponding variations in the
tuning fork frequency. A very accurate study of these subjects has
been made by Dr. D. Dye.'

As a result of the above considerations we reached the conclusion
that in measurements requiring a high degree of precision (1 to 5
parts in 100,000) it is necessary to calibrate the tuning fork each time
before the measurement and to maintain an absolute constancy of
temperature. When less precision (5 parts in 10,000) is required a

2n.

15"

10'

5'

20. 40 1° 20 24

Fig. 3

former calibration can be used, but in this case the temperature co-
efficient must be known and the other conditions (relating to the
tubes, plate current, etc.) must be exactly those which were used
during the former calibration.

We believe that the exact determination of the tuning fork tem-
perature, which lags behind the temperature of the surrounding air,
constitutes the greatest difficulty of this measurement. For example,
Prof. Gianfranceschi, who conducted investigations on the 870 -cycle
standard tuning fork of the Physical Institute of Rome, found a tuning
fork cooling curve similar to that shown in Fig. 3. He has also found
by calculation that in the case of the above mentioned standard tuning
fork the coefficient a' of the equation of the curve

T T.- T.- ea' T
was given by:

a' = 0 . 02339

'Proc. Roy. Soc. of London, p. 240, May, 1923.



Pession and Gorio: Frequencies of Transmitting Stations 739

where T and Ta were, respectively, the tuning fork temperature at
the instant t and the temperature of the air, and T. represented the
excess of the initial temperature of the tuning fork over that of the
temperature of the air.

By the method we have developed we can obtain the calibration
of a tuning fork very simply and quickly. In Fig. 4 is shown the
stator winding of a small Siemens 100 -toothed alternator of the in-
duction type connected in series with the secondary of the transformer
in the output circuit of the multivibrator amplifier. This alternator
is driven by a d.c. motor which carries on the same shaft a small d.c.

Posoft wes
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Fig. 4-Circuit Diagram of the Method Adopted for the Calibration
of the Multivibrator Tuning Fork.

generator. In order to obtain a steadier speed of the revolving gear
this generator can be loaded with a resistance coil of a suitable value.
Moreover, a centrifugal speed regulator of the type used in the
Hughes telegraphic apparatus is used on the revolving shaft for the
same purpose. In order to obtain a frequency from the alternator as
near as possible to the tuning fork frequency, a stroboscopic figure
composed of 39 sectors is drawn on the alternator rotor and is observed
through a small window, open at each semivibration, by an auxiliary
electrically -driven tuning fork having a frequency of 200 cycles per
second.

When the stroboscopic figure appears still as viewed through the
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small window, the number of revolutions per second n attained by
the alternator is such that the following relation exists:

1" 1"

39 Xn 200 X 2

As the rotor has 100 teeth the corresponding frequency of the
above conditions is given by:

400
f= -X100= 1025.6

39

which is very near to the frequency of the tuning fork.

TROIA TNC
OBSERVATORY
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AUX/L /A R Y SIEMENS
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RELAY
/BAuDor
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Fig. 5-Interior View of the Apparatus Used in the Tuning
Fork Oscillation.

When the alternator frequency is close to the tuning fork frequency,
beats will be heard in the loud speaker telephone in series with the
amplifier output transformer of the multivibrator and the Siemens



Pession and Gorio: Frequencies of Transmitting Stations 741

alternator. A suitable amplifier followed by a vacuum -tube detector
shunts the loud speaker. In the plate circuit of the detector we have
placed a very sensitive Baudot relay, having coils with 11,500 turns
each, and a resistance of 5000 ohms per coil. This relay is operated at
each beat.

The installation shown in Fig. 5 is completed by a three -pen
recorder. One of the pens is actuated by the above -mentioned relay;
the second is actuated by a contact which closes every 10 revolutions
of the motor -alternator shaft, and the third is controlled by a contact
on the standard pendulum in the Astronomic Observatory of the
Campidoglio, which is received by means of a special line. Fig. 6
shows one of the records obtained. Dots (a) show the number of
beats, the dashes (b) indicate the time intervals (a one -second dash
each two seconds), and dots (c) furnish the number of tens of the alter-
nator revolutions, that is, the number of thousand cycles of the
alternator current.

Fig. B

We have found that the alternator speed need not be kept abso-
lutely constant during the measurement, and that it is not necessary
to observe the stroboscope continuously. Conditions are satisfactory
for measurements when the difference between the alternator and the
tuning fork frequencies remains the same as indicated by the note in
the loud speaker. This condition is ordinarily obtained when beats
are not too fast to be recorded. By means of the loud speaker it is
possible to control at each instant the regular working of the beat
recorder relay. If small variations of the alternator speed are required,
they can be obtained by means of the d.c. generator loading resistance
or directly by changing the mechanical regulating mechanism.

Evidently, if n is the number of the alternator cycles in a certain
time 1, and a is the number of beats recorded in the same time, the
tuning fork frequency will be given by n + a/t. The sign to be applied
at a can be obtained by observing the stroboscopic figure correspond-
ing to zero beat. In the case of the Institute installation, at zero beat
the stroboscopic figure appeared to revolve slowly in the direction of
the shaft revolution. As the same figure normally had a greater speed
in the same direction for the ordinary frequencies we came to the
conclusion that the sign of a was negative.

Using a temperature controlled box (thermostat) we were able
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to obtain the calibration of the Institute tuning forks at various tem-
peratures, and thus it was possible to obtain the temperature co-
efficient, which was 0.105 part in 1000. This is very near to that of
0.12 part in 1000 stated by the tuning fork manufacturer. Such a
coefficient may be used for ordinary calibration in which case the
tuning fork frequency can be calculated by means of the formula:

N=1026.7 X(1 -0.0001020

where t is the tuning fork temperature (Centigrade scale) that may
be deduced from the air temperature by introducing proper cor-
rections, and 1026.7 is the number of vibrations reduced to zero
obtained from a long series of tests.

Using the above mentioned formula it is necessary to keep in mind
that besides the uncertainty existing in the value of t, there is another
source of error by assuming the quantity N.= 1026.7 as a constant.
This is because the supply current in the tuning fork circuit can
change in the intervals between the various measurements, causing
other differences of several parts in 100,000 from one test to another.
This is especially true when the tests are made on different days.
Consequently, when a high precision is required the tuning fork
calibration must be repeated for each measurement.

Table I, which refers to measurements made on March 15, 1928
at a mean air temperature of 19 deg. C gives a clear demonstration
of the precision of the present method.

TABLE I

CALIBRATION OF THE TUNING FORK

N Date Tern per-
ature

Seconds
Alternator

cycles
n

Beats
Total
number

a

Tuning -
fork cycles

N =n -a

Tuning -
fork

frequency
n -a- -

t

Mean
frequency

Jumps
from the
mean

1 4-3-928 19°C. 104 107.000 437 106.563 1,024,844 1,024,698 -0.054
2 586 583.435 3469 579.966 1,024,674 -0.024
3 326 335.610 1551 334.059 1,024,720 +0.022
4 488 502.733 2665 500.068 1,024,720 +0.022
5 1366 1,408.716 8951 1,399.765 1,024,720 +0.022

The principal advantages of the method described are the follow-
ing:

(1) It permits the tuning fork calibration both before and after
the various series of measurements, that is, under conditions which
are practically the same as those existing during the use of the tuning
fork as an exciter of the multivibrator.
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(2) It avoids the necessity of obtaining an absolutely constant
speed of the alternator.

In order to demonstrate the method followed during the measure-
ments and the degree of precision obtainable, we give the following
two examples:

(1) The calibration of a piezo-electric crystal (Table II).
(2) The measurement of the frequency emitted by a tube trans-

mitting set of the Rome (Torrenova) high power radio installation
(Table III).

TABLE II
CALIBRATION OF THE PIEZO-ELECTRIC CRYSTAL No. 1

March 15th, 1928

I m 14 deg. C. Measured tuning fork frequency: f .4025.20

Readings of the Reading of the
Number heterodyne condenser heterodyne

of the
observations

for the harmonics condenser at
sero beats with

the crystal

Interpolation frequency

71st 70th frequency

Means 71st harmonic 72789.75
of 5 822.96 987.98 840.3 70th harmonic 71764.65

°beery. Crystal frequency 72682.10

March 18th, 1928

f w13 deg. C. Measured tuning fork frequency: f=1025.42

Means 71st harmonic 72804.8
of 7

obeerv.
807.76 973.70 827.36 70th harmonic 71779.4

Crystal frequency 72683.6

Means 71st harmonic 72804.8
of 16

observ.
808.41 973.79 827.76 70th harmonic 71779.4

Crystal frequency 72685.2

The general mean value of the three series of measurements made
on March 15 and 18, 1928, gives 72684.5 as the crystal frequency.
This value, at a temperature of about 13.5 deg. C differs by +3.44
parts in 100,000 from the value 72682 determined on December 12,
1927 by the Naval Radio Laboratory in Leghorn at a temperature
of 14.8 deg. C, but using a different method.

It can be seen that the sign of the frequency difference is in accord
with the temperature difference, so there is a perfect agreement be-
tween Rome and Leghorn measurements.

The control installation is completed by a series of five standard
piezo-electric crystals calibrated as described above.

We believe that very quick determinations over a wide range of
frequencies can be easily made by utilizing the oscillations and the
harmonics produced by the above mentioned crystals together with
an electron tube generator.
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TABLE III
MEASUREMENT OF THE FREQUENCY EMITTED BT TORRENOVA (ROMA) ELECTRON TUBE TRANSMITTER

March 17th, 1928
t =13 deg. C. Measured tuning fork frequency: f = 1025.22

Number
of the

lbservations

Readings of the
heterodyne condenser

for the harmonica

Readings of the
heterodyne con-
denser at sero
beats with the

Torrenova
frequency

Interpolation frequency
Wavelength

(for V ...
299.82.104 m)

98th 97th

I Series
1 906.0 967.8 Mean of 97th harmonic 99446.342 906.0 967.8 8 observations: 98th harmonic 100471.063 906.0 967.9 920 Torrenova freq. 100240.78 m 2290.8

Mean 906.0 967.8

II Series
1 906.7 968.0
2 906.5 967.8 Mean of
3 906.6 968.1 11 observations: Torrenova freq. 100235.06 ni 2991 2

920.84Mean 906.6 968.0

III Series
1 907.0 968.3 Mean of
2 906.9 968.2 15 observations:
3 907.0 968.4 920.97 Torrenova freq. 100238.06 m 2991.0

Mean 906.97 968.3

IV Series
1 907.5 969.5 Mean of
2 908.0 969.6 27 observations:
3 907.8 969.5 920.76 Torrenova freq. 100207.5 m 2990.5

Mean 907.8 969.5

By means of the methods and apparatus described above the
Experimental Institute of Communications is now in a position to
make frequency measurements of distant radio transmitting stations
with accuracy and precision and to exercise, as required, the necessary
control of the waves of radio transmitting stations.
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NOTE ON EARTH REFLECTION OF ULTRA SHORT
RADIO WAVES*

BY

E. H. LANGE
(School of Engineering. The Johns Hopkins University, Baltimore, Md.)

Summary-In analytical investigations of the resultant pattern of electric
intensity about an antenna, for the longer waves, the earth in the vicinity of the
antenna has generally been considered as a perfect conductor. At sufficiently high
frequencies, the reflected waves may differ considerably in magnitude and phase
from perfectly reflected waves. The resultant distribution of electric intensity about
an ultra short -antenna depends upon the nature of the reflecting surface. Some
computations and curves are given for the reflection coefficients and phase angles for
various surface conditions, in conjunction with a horizontal ultra short antenna.
Theoretical polar diagrams have been computed for various heights of horizontal
antenna above the surface.

CERTAIN experiments with ultra short radio waves have been
described by H. Yagi,' in which measurements were made of
the field distribution about short linear oscillators of 2.6 meters

wavelength. The effects of earth reflection show to a marked degree
in the pattern of electric intensities about a horizontal linear oscillator,
in a plane perpendicular to the oscillator, and for various heights
above the ground. The experimentally determined polar diagrams
mentioned suggest the inadequacy of the assumption of perfect reflec-
tion for very short waves.

Fig. 1-Earth Reflection of Horizontal Electric Intensity.

The earth reflection from a horizontal linear oscillator is somewhat
simpler to consider from the theoretical standpoint than that from a
vertical oscillator'; also the experimental curves are more complete
for the horizontal case, so that only the horizontal oscillator is here

 Dewey decimal classification: R113.6.Original:manuscript received by the
Institute, December 3, 1928.

1 H. Yagi, "Beam Transmission of Ultra Short Waves," PROC. I.R.E. 16,
715; June, 1928.

1 Stuart Ballantine, "Review of Current Literature," PROC. I.R.E., 16,
513; April, 1928; discussion of vertical dipol and bibliography.

745
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considered. The exact effect of the earth as a composite dielectric,
with various degrees of conductivity and permeability, is neces-
sarily very complex, and only the simplest assumption is considered
in what follows for a non-magnetic layer having a certain amount of
conductance and free charge capacitance.

3
Fig. 2-Phase Relation of Direct and Reflected Intensity.

Polar diagrams for various heights of antenna above the earth
have been computed for a plane perpendicular to the antenna, and
are shown in Figs. 6 and 7. Points sufficiently far removed from the
oscillator have been used in determining the directional intensity, so
that the reflected and direct rays F1 and F3, Fig. 1, may be considered
parallel in computing the phase difference at the wave front SS'. The
resultant horizontal electric intensity thus depends upon the vector
sum of the direct and reflected intensity, taking account of the mag-
nitude and phase of each of the quantities at the wave front. Referring
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Fig. 3-Reflection Coefficients for Various Angles of Incidence, Resistivities,
and Frequencies.

to Fig. 1 and Fig. 2, the excess path to the wave front for the reflected
wave with reference to the direct wave is

ab =2d cos 01

and the corresponding phase difference is

4r
d cos 01 (1)

A further phase change occurs at reflection, so that if F'1 is the inten-
sity before reflection, the direct wave at the wave front will be (kd in



Lange: Reflection of Ultra Short Radio Waves 747

advance of F1', and the reflected intensity will have the phase angle
4 with F1' due to reflection. The resultant electric intensity is
therefore the vector sum of F1 and Fg.

For a perfectly reflecting surface the above computation is rela-
tively simple, since the reflected and incident intensities are equal,
and there is a phase change of 180 degrees on reflection. In this case
the resultant phase difference between the direct and reflected waves
at the wave front, and the resultant intensity, are determined by a
simple expression. When, however, the reflecting layer has both
conduction and displacement currents, both the magnitude and phase
of the reflected ray vary with the angle of incidence.

200

00

00
0 p 20 30 40 50 80accerfr Amc.LE-11-

Fig. 4-Phase Angles for Various Angles of Incidence, Resistivities, and
Frequencies.

90

0 o9
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From the following considerations, curves have been computed for
the reflection coefficients and phase angles, for various angles of inci-
dence and surface conditions. These curves are shown in Figs. 3 and 4.
The electric intensities are fx, f, and h, and the magnetic intensities
h1, h9, and hs.

The fundamental relations to be satisfied are the following Max-
well's equations in which fs=fs=0, in accordance with the condition
that the electric field is parallel with the earth's surface.

4rfx e . ah, ah,
pc C ay az

0 (2)

e . ah. alas
+-- f.=---- (3)

pc c az ax

44, e . shy oh.+- fs=--- =0 (4)
pc c ax ay

i 41;
= (5)

az
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12 al.
c

al._-=_-=oby (6)

--A az =-
ax

(7)

Therefore, the magnetic intensity h.= O. (8)

Solutions of these equations are of the form

f = Fe -a* X ei6"-9r) (9)

where a and /3 are constants, w= tan, and r the 'distance in the X -Z
plane to any point from the earth's surface, along the beam.

r =x sin 0+z cos 0 (10)

Using subscripts 1, 2, and 3 to designate the incident, refracted and
reflected beams, respectively, and noting that the value of al for air is

100 200 390 400 000

er

o 20 30 40 50 GO 70
G401 X 10yr

Fig. 5-Phase Angles at Normal Incidence for Various Resistivities and
Frequencies.

negligible in comparison with az for the earth, the electric intensities are

f vi =Foei(wg-9"' (11)

f Foe g+801) (12)

fvz= F y2e---xei(wt-s-) (13)

Considering the permeabilities =µ2= 1 for the air and the earth,
also ei =1 for the air, (3), (5), (7), and (9)

-j-e2)give = (a2+.#32)2
c2 pa)

(14)

for the earth, and -= /31=133 (15)

for the air. From (5), (11), (12), and (13) the tangential magnetic
intensities are :



and
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calh.o= -10- cos 01
CO

ci33
h.,3=f,- COS 03

w

cga2+:02)
142= J1,3 cos 02

CO

Equality of tangential components at the earth -air boundary requires
that for any point at the boundary and for all instants of time,

1.1+f1,3 = fy2

hz1+hz3=162 (20)

(19)

From (19) and the values of (11), (12), (13), at the earth -air boundary,
sin 01= -sin 03 (21), that is, the angle of incidence equals the angle
of reflection, and

sin 02 //31
(22)

sin 01 (a2 -1-j192)

also Fy1+F1a = F y2 (23)

and from (16), (17), (18), and (20)

Fo-F,3 = v2j(a2+A) cos 02
(24)

cos 0,

j(a2+jf32) cos 03
p-Fek.

Put

cos 03
(25)

From (23) and (24) the vector ratio of the reflected electric intensity
to the incident electric intensity is

F1,3 1 -(p-Fiq)

F1,1 1+ (p +jq)

The ratio of the magnitudes is

F1,3 N/(1-p)2-1-q2

V(1±P)2+02

and the phase angle between F1,1 and Fv3 is

-0 2qfp= tan--, -- tan--- - tan -11-p 1+ p p2+q2 -1

(26)

(27)
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The values of p and q for use in determining the amount and phase
of the reflected electric intensity in terms of the incident electric
intensity are determined from (14), (15), (22), and (25), and involve

0

Fig. 6-Electric Intensities for Heights d of Antenna Above the Earth's
Surface.

only the dielectric constant e2, the frequency n, the resistivity of the
earth p, and the angle of incidence 01.

4r
Thus, (p+h)2=(2--j) sect 01- tan2 01

Pw

Put b=e2 sect O1-tan2 01

4r
and g sec2 01= G  sec2 01. (28)

Po)

Then P=
Vb+02-1-g2

(29)
2

and 4= V
/

2
(30)

The value of p in (28) is in electrostatic units. It will be more
convenient to use p in ohms per centimeter cube, and the frequency

z

0

Fig. 7-Electric Intensities for Heights d of Antenna Above the Earth's
Surface.

in megacycles per second. Therefore, with p -= ohms per cm cube,
and n = megacycles per sec.

18 X 105

pn
(31)
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As an instance of the magnitude of G, it may be noted that for 71 =100
megacycles per sec. (i.e., 3 meters wavelength) and p =18 X103 ohms
per cm cube, G=1. Thus, taking the value of 2=6, the values of b
and g which determine for normal incidence (01=0) the coefficient
of reflection and phase angle are b= 6 and g =1.

The curves of Figs. 3, 4, and 5 have been computed from (26) and
(27), taking 2 = 6, and the values of G ranging from zero to very large
values compared with 2. For normal incidence, the phase angle ¢ due

. to reflection is greatest for a value of G in the vicinity of 9, when
e2 = 6. For any value of b, and for sufficiently small values of n, i.e.,
for the longer waves, G becomes large in comparison with 2, and the
earth surface may be considered a good reflecting surface.

The polar diagrams have been computed for G=9. In general
form, there is good agreement with the experimentally observed
distributions shown by Yagi, taking into account the fact that the
observations were made at such proximity to the oscillator that the
converging direct and reflected rays in some instances included an
angle sufficient to affect the phase computation.
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Discussion on
PRINCIPLES OF GRID -LEAK GRID -CONDENSER DETECTION*

(F. E. TERMAN)

W. J. Polydoroff 1: The theory and methods of grid -leak grid -condenser
detection as developed by Professor Terman are very valuable to radio engineers,
as they deal for the first time with numerical values of the circuit constants and
actual results expected.

The phenomenon of detection has been well known to us for many years,
and the values computed by Professor Terman are closely in accordance with
those being used for several years, Unfortunately the detector tube requirements
are considerably greater than that tube can meet because of increased sensitive-
ness and fidelity of present-day radio receivers. The range of sensitivity of a
receiver if measured on the input of the detector circuit may be determined as
0.005 volt for very weak signals (distance reception) up to 10 volts on loud
local signals.

Obviously present-day detector tubes can hardly take care of efficient recti-
fication within such large limits. If the detector is adjusted to weak signal recep-
tion (maximum sensitivity), and therefore has high values of grid -leak resistance
and small capacity, loud signals of local stations are very easily distorted and
high notes distortion already existing due to sideband cut-off is accentuated
still more. Besides, the detector is easily overloaded by strong signals producing
grid polarizing voltage and general distortion occurs. As a result a usual pre-
caution applied to most of the receivers is that cane should be taken not to overloud
the detector tube.

A compromise is reached on values of a grid leak to he about 1 megohm and
grid condenser of 250 mid.

The anode Lent rectification in this respect is considerat ly more elastic
within the range of signal strength and introduces less distortion, but lacks
efficiency and therefore reduces overall sensitivity of a receiver.

In my belief a two -element rectifier with substantially linear rectification
would he a better solution for detection, especially when it is added to the set
and the detector tube converted to act as a radio -frequency amplifier to make
up for the loss of the detector's amplification. A sensitive and robust two -
electrode tube can he designed to act as a rectifier in itself. I had some experi-
ence with similar detectors in the past and the only objection to them is that
they do not amplify as they detect. The cost of an extra inexpensive tube
would be justified for the increase of working range and better fidelity. The
requirements of heating energy are so small that this tube can he operated from
B supply of all electric sets saving the greater part of troubles due to a.c. hum
encountered in their design.

However, at present we have to meet the sztuatit n with the tubes we have
on hand and obtain the best results. The investigation of Professor Terman
shows:

"Detector is less sensitive to high modulated frequencies, high notes are
discriminated against,"

 PROC. I.R.E., 16, 1384; October, 1923.
Johnson -Williamson Laboratories, Chicago, Ill.
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"Grid -leak resistance affects operating grid potential,"
"Change of grid potential is simply the voltage developed across the grid -

leak condenser impedance."
These quotations are taken to prove that detector characteristics are

different at different frequencies and at different incoming voltages, and therefore
for the best results detector constants should be adjustable.

In the old days when the number of controls on a panel was considered
more as an asset than a liability, receivers had as many as ten variable controls,
among them adjustable grid -leak and adjustable grid -condenser. Nowadays,
with a tendency to simplify the operation they are out of question.

However, I would like to show an effective way to control volume, es-
pecially adaptable to the receivers using a. c. tubes. We all know that the old
methods of volume control by adjusting filament rheostats or plate supply can-
not satisfactorily be applied to a. c. tubes, as a very small deviation in oper-
ating conditions of these tubes will inevitably produce objectionable hum.
Consequently, it is usual to control input energy to the antenna circuit; this is
especially convenient when aperiodic antenna and coupling tube are employed.
For the receivers not neutralized and working under oscillating conditions
this method is dangerous, as the tendency to oscillate increases when signal is
weakened. There are a hundred points in the circuit where a resistance can be
inserted to attenuate the incoming signal, in every case either affecting selec-
tivity or shifting the resonance point. Control of the volume on the audio side
is very favorable, but does not take care of detector overload.

A few months ago while trying to design an efficient volume control for
a.c. operated loop receiver I encountered some difficulties, and after many
comparisons came to a conclusion that a very practical method of volume con-
trol having distortionless properties is to use old variable grid leak for volume

control.

Fig. 1-The Circuit.
R1=201
112=500,000 -15,000

A 2-megohm resistance is inserted in the usual way and in parallel with it
a variable resistance 15,000-500,000 ohms. This variable resistance passes
very small currents and therefore any plain carbon type rheostat, as used for
plate supply control, can be inserted. When the resistance is in "off" position
total resistance value is 2 megohms, and the detector is adjusted to maximum
sensitiveness for weak signals. When 500,000 ohms are inserted in parallel it
does not cause any noticeable decrease of reasonably loud signals, and for the
local extra -loud signal the rheostat can be advanced to a desired volume and
a signal can be brought to zero volume when total resistance is 15,000-50,000
ohms. These figures apply to any standard detector tube a.c. or d.c. type.



754 Discussion on Terman Paper

The system, very simple but involving several modes of operation, performs
the following functions:

(1) Adjusts detector for maximum sensitiveness with undistorted recti-
fication for any given signal strength,

(2) Regulates output volume of radio receiver from maximum undistorted
signal to zero without changing characteristics of other tubes,

(3) Improves fidelity of signal when volume is tuned down,
(4) Keeps r.f. amplification all the time at its full efficiency,
(5) Broadens the selectivity of the detector tuned stage.
First four points score to the advantage of this system; the last one is

objectionable. The broadening effect occurs when variable resistance values are
50,000 ohms or less, in which case the tuned circuit is short-circuited by an
impedance:

Z= 4/(!VR + 1

r \R -Fr f/ C2(2

where R is variable resistance, r1 is grid -filament resistance, C is capacity of grid -
condenser. According to Professor Terman's theory, the most important
action which occurs in this scheme of control is the change of grid potential due
to rectified current. When the signal is too great the rectified grid current
changes the operated potential of the detector, which in turn causes overloading.

To avoid this, automatic means can be devised which would shift the operat-
ing grid potential of the detector in accordance with the magnitude of the carrier
current receiver. This scheme is now under development and apparently offers a
solution preventing detector overload.
this case can be made in the audio parts of the apparatus, which, of course,
offers no difficulties.
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BOOB REVIEW

Donnees Numeriques de Radioelectricite. EDITED BY R. MESNY.
Gauthier-Villars et Cie., Paris; McGraw-Hill Book Co., Inc., New
York, 1928; pp. vii+ 26, quarto; price bound, 30 francs, unbound,
15 francs.
The book before us is that portion of Volume VI of the 'Tables

Annuelles de Constantes et Donnees Numeriques" which is devoted
to data on radio. Here, for the first time in the history of the Annual
Tables, space has been found for a considerable amount of attention
to various matters pertaining to radio communication. Hitherto the
editors have not felt that radio data had attained a sufficient degree
of precision to warrant fuller inclusion.

The usefulness to radio engineers of the Section under discussion
is, of course, seriously limited by the fact that it includes only data
that appeared in the course of two years, and that since then five
years have elapsed. Nevertheless, the years 1923-24 brought forth so
considerable an amount of material that its compilation from many
widely scattered sources in the present volume is well worth while.

First of all we find several pages on numerical data and charac-
teristic curves of tubes' and on electron emission from filaments.
Then follow a few data on detector tubes and on magnetic permea-
bility at high frequency. Wave propagation receives considerable
attention, particularly Austin's measurements of intensity of signals
from various stations. Results on direction finding are summarized,
together with data on wave antennas and other forms of aerial.

Among other subjects treated are atmospheric disturbances, miscel-
laneous data on electrical oscillations, and the tables prepared by
Grover and by Curtis and Sparks for the calculation of self-inductance.
It is a striking tribute to the onward march of the vacuum tube that
among all these data there is no word concerning arcs, sparks or con-
tact detectors.

It is gratifying that the Annual Tables are now giving more space
to the contributions which radio is making. While recognizing fully the
great amount of labor and time required in selecting and editing such
data as these, still we venture to hope that Professor Mesny will find it
possible in future editions to bring the material more nearly up to date.

The section on radio can be obtained separately bound in board
covers. Workers in the field will find the publication a very useful
addition to their libraries. W. G. CADYt

Chiefly various types of G. E. tubes from articles in the PRoc. I.R.E.
t Department of Physics, Wesleyan University, Middletown, Conn.
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MONTHLY LIST OF REFERENCES TO CURRENT RADIO
LITERATURE

HIS is a monthly list of references prepared by the Bureau of
Standards and is intended to cover the more important papers
of interest to professional radio engineers which have recently

appeared in periodicals, books, etc. The number at the left of each
reference classifies the reference by subject, in accordance with the
scheme. presented in "A Decimal Classification of Radio Subjects-
An Extension of the Dewey System," Bureau of Standards Circular
No. 138, a copy of which may be obtained for 10 cents from the
Superintendent of Documents, Government Printing Office, Wash-
ington, D. C. The various articles listed below are not obtainable
from the Government. The various periodicals can be secured from
their publishers and can be consulted at large public libraries.

R000. RADIO COMMUNICATION

R007 The problem of international distribution of broadcast wavelengths:
Proposals of the Polish Broadcasting Co. Experimental Wireless and
Wireless Engineer (London), 6, pp. 3-8; January, 1929.

(Deals with European situation.)

R010 Zenneck, J. The importance of radiotelegraphy in science. PROC.
I. R. E., 17, pp. 89-114; January, 1929.

(A history of the progress of the art is given.)

R020 Hund, A. Hochfrequenz-Messtechnik. (High -frequency measure-
ments). (book). 2nd edition, 1928. Published by J. Springer, Berlin.
Noted in Experimental Wireless and Wireless Engineer (London), 5,
p. 22; January, 1929.

(Review of book.)

R090 Important events in radio-peaks in the waves of wireless progress -
1827 to 1928. Radio Service Bulletin, No. 141; pp. 16-26; December,
1928.

R100. RADIO PRINCIPLES

R113 Barfield, R. H. and Munro, G. H. The attenuation of wireless waves
over towns. Experimental Wireless and Wireless Engineer (London),
6, pp. 31-37; January, 1929.

(Experimental and theoretical discussion of attenuation of radio waves over towns
and suburbs. The absorption over towns is mostly due to buildings, vertical metal con-
ductors, etc. and the absorption due to receiving stations plays only a small part, while
over suburbs the absorption is mostly due to receiving stations.)

R113 Quack, E. and Mogel, H. HOrbarkeitsgrenzen and gungstigste
Verkehrszeiten bei Hurzwellen auf den einzelnen ilberseelinien.
(Audibility limits and most favorable communication directions for
short waves over certain transoceanic paths). Elekt. Nach. Tech.,
5, pp. 542-549; December, 1928.
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(The charts given refer to a range of 30000 to 7500 kc. For twenty-four hours of service,
one day and one night frequency are usually sufficient. For certain directions, a third
wave is needed. If the rays of the sun are perpendicular to certain portions of the trans-
mission path while the entire path is exposed to daylight, the reception is rather poor.)

R113.1 Colwell, R. C. Fading curves and weather conditions. PROC. I. R. E.,
17, pp. 143-148; January, 1929.

(Sunset fading curves from KDKA made at Morgantown, W. Va. with a Shaw re-
corder during April and May, 1927 showed that the signal strength from KDKA during
the night was sometimes below and sometimes above daylight strength. Apparent corre-
lation with weather.)

R113.3 Duckert, P. Elektrische Schwingungen mid ihre Grenzgebiete
drahtlose Telegraphie-Ober Fehlweisung der Funkpeilung in Ab-
hAngigkeit von Wetterlage. (Electric waves and their limited trans-
mission: On direction shift due to weather). Zeits. ffir Tech. Ph ys.,
9, pp. 466-469; No. 12, 1928.

(Experiments carried on during several years (day measurements) show that the power
received from a transmitter passes over a curved instead of a straight horizontal path so
that the direction finder may be in error by several degrees. This is true when certain
weather conditions exist, so called atmospheric border layers. During the night the direc-
tion deviations are also accompanied by fading.)

R113.4 Echos von Hertzachen Wellen (Echoes from electromagnetic waves).
Elek. Nach. Tech. 5, p. 488; December, 1928.

(Gives the different suppositions which may explain the echo effects. One explanation
(Lassen and Forsterling) assumes that the rays travel along different paths in the ionized
layer. The second explanation (Stormer) assumes reflections or refractions on the enve-
lope of electron pockets of very great dimensions. The third explanation (B. van der
Pol, Jr.) assumes that the group velocity of the waves through the ionized layer can be
slowed down considerably for certain conditions in the layer. The fourth explanation
has reference to echoes corresponding to 0.005 to 0.08 second intervals, such as observed
by Taylor and Young, Hoag and Andrew, and Quick and Mogel. They are due to reflec-
tion from a layer 1500 km above the earth, from the polar nightlight zone, or from the
sunset shadow wall.)

R113.4 Forsterling, K. Ober die Ausbreitung kurzer elektromaguetischer
Wellen in der Heavisideschicht. (On the propagation of short elec-
tromagnetic waves in the Heaviside layer). Elek. Nach. Tech. 5,
pp. 530-542; December, 1928.

(General discussion on the refraction and absorption of short waves (less than 60
meters). Assumes that the ionization is due to ultraviolet rays from the sun. The article
also indicates that there can be three layers from which the atmospheric ray may descend.)

R113.4 Appleton, E. V. Some notes on wireless methods of investigating
the electrical structure of the upper atmosphere. Proc. Physical
Soc. (London), 41, pp. 43-59; December 15, 1928.

(Comparison of the wavelength change method, angle of incidence method, and the
group retardation method for finding the effective height of the Kennelly -Heaviside
layer. If the effect of the earth's magnetic field is neglected, the methods measure the
same equivalent height which is greater than the maximum height reached by the
atmospheric ray. A method for investigating the ionic concentration is given. This is
partly based on an assumption by Pedersen for which the angle of incidence at the ground
is greater than 30 deg.)

R113.5 Wright, C. S. Radio communication and magnetic disturbances.
Nature (London), 122, p. 961; December 22, 1928.

(Note on the effect of magnetic disturbances on radio reception for frequencies greater
than 150 kc for crystal reception.)

R113.5 Chapman, S. The ultra -violet light of the sun as the origin of aurorae
and magnetic storms (letter). Nature (London), 122, p. 921; Decem-
ber 3, 1928.

(Refers to the letter by H. B. Maris and E. 0. Hulburt (Nature, 24, 1924) on their
theory of aurorae and magnetic storms. This theory assumes that occasional sudden
blasts of ultra -violet light produce the aurorae and magnetic storms. Chapman expects
to offer another theory of the magnetic disturbances, which will assume the cause due to a
neutral ionized stream (F. A. Linderman's original suggestion) which will avoid some of
the inconsistencies of the Maris and Hulburt theory.)
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R114 Kenrick, G. W. The analysis of irregular motions with applications
to the energy frequency spectrum of static and telegraph signals.
Philosophical Magazine (London), 7, pp. 176-196; January, 1929.

(The analysis shows that the energy contained within a frequency band of given width
due to an atmospheric disturbance produced by a random sequence of pulses varies
directly with the square of the wavelength. A numerical example shows that the energy
due to pulses of the order of 10-3 second in duration and sharply rising exponential form
can produce appreciable fields (since proportional to the square roots of the energies) on
the longer wavelengths.)

R124 von Ardenne, M. Einige Messungen uber die Hochfrequenzspan-
nungen an der Eingangsseite von Empfangern. (Some measure-
ments on r.f. voltages induced in coil antennas). Zeits. fur Hoch.,
32, pp. 199-202; December, 1928.

(An aperiodic high frequency amplifier of known amplification inserted between the
coil antenna and a tube voltmeter in order to bring the sensitiveness of the tube volt-
meter to the proper value. Applications to field intensity measurements on broadcast
stations are given.)

R125.1 Smith -Rose, R. L. The reversibility of radio direction finders and
local error at rotating loop beacon. Jour. I. E. E. (London), 67,
pp. 149-156; January, 1929.

(It is shown that transmission from a rotating loop beacon being received on an open
antenna produces about the same kind of errors as those experienced when the antenna
is employed for transmitting to a direction finder. Methods are given for eliminating
local errors.)

R125.6 Meissner, A. and Rothe, H. On the determination of the optimum
radiation angle for horizontal antennas. Pnoc. I. R. E., 17, pp.
35-41; January, 1929.

(The most favorable radiation angle for 15 and 20 -meter wavelengths was determined
using horizontal multiple antennas in connection with a parabolic reflector. It was found
that the most favorable radiation happened when it took place along the tangent of the
surface of the earth.)

R132 Colebrook, F. M. A generalized analysis of the triode valve equiv-
alent network. Jour. I. E. E., (London), 67, pp. 157-169; January,
1929.

(Analytical treatment (graphical) of a vacuum tube amplifier. It is based on Miller's
assumptions (Bureau of Standards, 15, p. 387; 1919) with modifications due to Hartshorn
(Proc. Physical Soc., London, 39, p. 108, 1926-1927). One conclusion is that at very high
radio frequencies the voltage amplification factor may apparently exceed the voltage
factor of the tube if a pure inductive plate load is provided.)

R132 Forstmann, A. and Schramm, E. Ueber Maximalleistungen von
Verstarkerrohren. (On the maximum output of electron tube amp-
lifiers). Zeits. far Hoch., 32, pp. 195-199; December, 1928.

(Formulas are derived for optimum output of vacuum tubes which are loaded either
by a resistance or by an inductance. It is shown that for a constant plate potential and a
resistance load the ratio of external to internal resistance is smaller than unity.)

R132 Snavely, B. L. and Webb, J. S. Radio frequency amplifying cir-
cuits. PROC. I. R. E., 17, pp. 118-126; January, 1929.

(An equation is developed showing relation between circuit constants and critical grid
resistance in a resistance stabilized amplifier having a tuned -grid circuit and a pure
inductance plate load.)

R133 Kohl, K. tber kurze ungedfimpfte elektrische Wellen. (On short
sustained electromagnetic waves). Zeits. fur Tech. Phys., 9, pp.
472-473; No. 12, 1928.

(The author attributes the frequency of ultra short waves in the Barkhausen-Kurs
circuit partially to the natural frequency of an ordinary oscillating circuit. The frequency
is increased on account of the dielectric constant of the electron gas between the grid and
the anode since this constant is smaller than unity. The frequency is therefore not due
to a pure electronic oscillation.)
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R133 Edgeworth, E. Frequency variation of the triode oscillator (letter).
Philosophical Magazine (London), 7, pp. 200-203; January, 1929.

(Further discussion D. F. Martyn's paper (Phil. Mag., Nov. 1927) with reference to the
paper by E. Edgeworth in Jour. I. E. E., Wireless Section, Jan. 6, 1926.)

R134 Terman, F. E. and Googin, T. M. Detection characteristics of
three -element vacuum tubes. Proc. I. R. E., 17, pp. 149-160;
January, 1929.

(Comparative tests of different tubes using grid detection.)

R144 Butterworth, S. The high frequency resistance of toroidal coils.
Experimental Wireless and Wireless Engr. (London). 6, pp. 13-16;
January, 1929

(A discussion of the toroid coil in comparison to a single layer solenoid. It is shown that
although the toroid has the advantage of being astatic it has always more high frequency
resistance than a properly designed single layer coil and that the beat possible toroid has
more than twice as great a high frequency resistance as an equally compact single layer
coil.)

R148 van der Pol, B. Some remarks on ultra short wave broadcasting.
Experimental Wireless and Wireless Engr. (London), 6, pp. 9-12;
January, 1929.

(Theory of pure amplitude modulation showing that for ordinary short wave trans-
mitters a frequency modulation due to the resistance of the oscillator occurs in addition
and that this interference can be avoided by using a piexo-electric controlled oscillator.)

R200. RADIO MEASUREMENTS AND STANDARDIZATION

R210 Hitchcock, R. C. A direct reading radio frequency meter. PROC.
I. R. E., 17, pp. 24-34; January, 1929.

(A new type of direct reading r. f. meter.)

R210 Pierce, G. W. Magnetostriction oscillators. Paoc. I. R. E., 17,
pp. 42-88; January, 1929.

(Use of magnetoetriction to produce and control electrical and mechanical frequencies
of oscillations in a range of frequencies extending from a few hundred cycles per second to
more than three hundred thousand cycles per second. Methods of calibration of vibrators
and their use in the calibration of frequency meters and other data pertaining to such
oscillators are given.)

R214 Gerth, F. and Rachow, H. Die Temperaturabhangigkeit der Fre-
quenz des Quarzresonators. (The temperature dependence of the
frequency of quartz resonators). Elekt. Nach. Tech., 5, pp. 549-551;
December, 1928.

(Measurements of the absolute temperature coefficient of a quarts plate gave a value
of 60 parte in one million per degree Centigrade. This figure was found fora temperature
variation of 10 to 25°C. The quartz plate was silvered and determination is independent
of the crystal holder.)

R214 Wright, J. W. The piezo-electric crystal oscillator. PROC. I. R. E.,
17, pp. 127-142; January, 1929.

(Theory and operation of the pies° oscillator.)

R220 Wilmotte, R. M. A quick and sensitive method of measuring con-
denser losses at radio frequencies. Jour. Scientific Instruments
(London), 5, pp. 369-377; December, 1928.

(The substitution method for measuring the effective condenser resistance has been
improved by employing proper screening. Curves for several air condensers are given.
The method can be used from up to approximately 6000 kc.)
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R220 Weihe, W. Die Messung von Kapazitiiten mit dem Ueberlager-
ungsverfahren. (The measurement of capacities with the heterodyne
principle). Zeits. filr Hoch., 32, pp. 185-194; December, 1928.

(A beat note method using the silent zone is employed for measuring the effective grid -
filament capacity for different external anode resistances (for 2000 to 10,000 kc.)

R300. RADIO APPARATUS AND EQUIPMENT

R334 Westman, H. P. UV -861, a screen -grid tube for the high power
amateur transmitter. QST, 13, pp. 41-43; February, 1929.

(Characteristics of tube.)

R341 Pike, 0. W. and Maser, H. T. A new type of rectifier tube for
amateur use. QST, 13, pp. 20-22; February, 1929.

(Description of UX-866 rectifier tube known as the hot cathode mercury vapor recti-
fier. Characteristics of tube are given.)

R351 Lampkin, G. F. An auxiliary frequency control for r.f. oscillators.
PROC. I. R. E., 17, pp. 115-117; January, 1929.

(A method is described for varying the frequency of an oscillator in small amounts by
the use of a control which operates on the normally fixed element in the oscillating
circuit.)

R386 Plebanski, J. Filtering antennas and filter -valve circuits. PROC.
I. R. E., 17, pp. 161-73; January, 1929.

(Describes methods of coupling together many circuits or antennas giving them simul-
taneous excitation from the same source of power. The purpose of these arrangements
is the construction of practical filter circuits (filtering antennas) giving square topped
resonance curves with good efficiency.)

R400. RADIO COMMUNICATION SYSTEMS

R401 Wollner, E. Die Fernsprechverbindung zwischen Europa and
Amerika. (Long wave communication between Europe and America).
Elek. Nach. Tech., 5, pp. 489-522; December, 1928.

(A review of transoceanic radio communication with long waves (corresponding to a
range from 17 to 60 kc).)

R470 Bodie, C. A. and Curtis, R. C. The transmission of high frequency
currents for communication over existing power networks. Journal
A. I. E. E., 48, pp. 37-41; January, 1929.

(Tuned choke coils are used to isolate the communication channel from the remainder
of the power system. Such a system gives improved quality of speech, reduction in the
noise level, freedom from variation in signal due to switching.)

R500. APPLICATIONS OF RADIO

R526.4 The radio altimeter. Science. and Invention, pp. 952-53; February,
1929.

(General Electric Company altimeter designed by E. F. W. Alexanderson.)

R536 Gleason, C. S. How radio prospecting takes the gamble out of
mining. Radio News, 10, pp. 716-719; February, 1929.

(Methods by which geologists study the distribution of minerals under ground.)

R592 Moullin, E. B. Radiotelegraphy and radiotelephony. Jour. I. E. E.,
(London), 67, pp. 170-176; January, 1929.

(Review of many phases of radio. It includes the achievements in beam communication,
electron tubes, transatlantic telephony, action of the Kennelly -Heaviside layer and other
miscellaneous branches in radio.)
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R800. NON -RADIO SUBJECTS

537.65 Vigoureaux, P. Development of formulae for the constants of the
equivalent electrical circuit of a quartz resonator in terms of the
elastic and piezo-electric constants. Philosophical Magazine (Lon-
don), 6, pp. 1140-1153; December, 1928.

(The equivalent electric constants of a quarts resonator are derived for the case of a
long bar using Lamb's equation and the equivalence between the electrical and mechanical
vibrating systems.)

621.385 Herd, J. F. The transmission unit and its application to radio mea-

surements. Experimental Wireless and Wireless Engr.(London),
6, pp. 17-22; January, 1929.

(Brings out the merit of the TU and compares the same with the Napier unit used in
some countries.
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We have a limited amount of crystals which can be
ground for low frequency standards. We can grind
for you such a crystal to 25,000 cycles to plus or minus
one hundredth of one per cent. Prices quoted upon
application.

Scientific Radio Service
P. 0. Box 86 Dept. R-1

MOUNT RAINIER, MARYLAND

When writing to advertisers mention of the PRUCLEVISGS sill he mutually helpful.
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Specify
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(Fused Pure Silica and Quartz)

Insulation for Heater Type AC Tubes
Heat Treating Tubes for Metal Parts

Optical Details for Television

Obtaining
Homogeneity

Freedom from Gas
Impermeability

Lowest Expansion

High Electrical Resistance Freedom from Impurities

And in Transparent Vitreosil
Best Transmission of Visible, Ultra -Violet and

Infra -Red Rays

Available Shapes
Transparent Lenses, Prisms, Bulbs, etc.

Single and Multiple Bore Tubing from .030"
Rods, Plates and Special Cross Section Strips

Write Stating Problem

The Thermal Syndicate, Ltd.
1716 Atlantic Avenue Brooklyn, New York

11
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NEW!

PACENT
SUPER PHONOVOX

Seven
Super Phonovox

Advantages
1. Elimination of all rubber

bearings

2. Perfect balance of tone arm
insures correct needle pees.
sure on record

3. Proper centre of gravity
prevents resonance and rat-
tle

4. Extreme sensitivity-covers
entire range of frequencies
found on phonograph rec-
ords

5. Built-in mechanical filter
eliminates peaks. No need
for electrical scratch -filter

6. "Fold -back" hinge permits
easy insertion of needle

7. Genuine English 36% Co-
balt Magnets-the best pick-
up magnets available

IN presenting the new Super

Phonovox to radio engineers,

the Pacent Electric Company
welcomes a professional compari-

son of this improved pick-up
with any other on the market-
regardless of price.

Write for complete
details and prices

PACENT ELECTRIC CO., Inc.
91 Seventh Avenue, New York City

Pioneers in radio and electric reproduction for over 20 years.
Manufacturing Licensee for Great Britain and Ireland:

Igranic Electric Co., Ltd., Bedford, England

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful,VI



Type TD

Type TA

Type FW

ROLLER -SMITH
offers a complete

line of 3:Y and
4" Instruments

For all Radio
Requirements

Type TD (3%" D.C.)
Type TA (3%" A.C.)
Type TW (3Y2" Thermo-

couple)
Type FD (4" D.C.)
Type FA (4" A.C.)
Type FW (4" Thermo-

couple)

Ammeters and Milli -Am-
meters

From .5 M.A. to zoo Amps.

Voltmeters and Milli -Volt-
meters

From so M.V. to 30o Volts.

Thermo -Couple Ammeters
From zoo M.A. to 20 Amps.

Send for Bulletins K-400,
K -42o and K-fizo.

"Over thirty years' experi-
ence is back of

ROLLER -SMITH"

ROLLER -SMITH CO.
2134 Woolworth Bldg.

NEW YORK, N.Y.
Works:

BETHLEHEM, PA.

Offices in Principal Cities in U.S.A.
and Canada. Representatives in

Australia, Cuba, Japan and
Philippine Islands

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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eeHow can this coil be improved?"
. . . asked a well known radio
manufacturer of a Dudlo Sales
Engineer some time ago.
"We want it to give the correct
voltages for our new models with-
out overheating, and yet the pro-
duction cost must be kept down.
But we haven't been able to do it.
Can't you help us work this thing
out?"
"Sure can," said the Dudlo man-
"we're doing it every day. That

is what our service laboratory is
for. Just remember that the best
coil men in the industry are in our
plant, and if anyone can straighten
you out, they can."

"Well, if you don't mind doingit-"
"Glad to"-said the Dudlo man.
"You'll have a sample coil on your
desk in a few days. Just let me
have the specifications."

So the coil was perfected as promised, delivered on schedule-and has played
no small part in the success this radio manufacturer has enjoyed.

The Dudlo Engineering Laboratories are at the service of the radio industry.
You are invited to bring your coil troubles to us. No obligation.

REMEMBER-THE COIL'S THE THING IN RADIO!

LCD
DUDLO MANUFACTURING CO., FORT WAYNE, INDIANA

Division of the General Cable Corporation
420 Lexington Ave. 105 West Adams St. Crocker First Nat'l Bank Bldg. 4143 Bingham Ave.NEW YORK CITY CHICAGO, ILL. SAN FRANCISCO, CALIF. ST. LOUIS, MO.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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W.C.BRAUN COM ANy
WHOLESALE FIAIDIO

1

.1' - 1
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Abreast of the New
Developments

in Radio
No industry in the world's history has at-
tracted so many inventors and experimenters
as the radio industry. Something new is
always on tap. Contrast the old wireless
days with the modern electrically operated
talking radio. Think of what is still to
come when perfected television, telephony,
short wave control, etc., are fully realized.

In keeping with the policies of Wholesale
Radio Headquarters (W. C. Braun Com-
pany), our service lies in testing out and

e-

.
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determining which of these newest marvels are
practical, salable and usable for the greatest num-
ber. Our task is to study the multitude of new
merchandise, select those items that are thoroughly
proved and reliable, and make it easy for the public
to secure these while they are still new.

A huge and varied line of standard radio merchan-
dise is carried in stock for quick shipment to all
parts of the country. This service assures the
dealer and set builder of everything he needs, all
obtainable from one house, without shopping around
at dozens of different sources. It saves considerable
time, trouble and money. For example, when you
want a complete radio set or parts for a circuit,
you also will want a cabinet, loud speaker, tubes
and other supplies and accessories. You know that
at Braun's you can get everything complete in one
order, and thus save days and weeks of valuable
time, besides a considerable saving in money.

New Lines for Spring and Summer
Here, all under one roof, is earned the world's
largest stocks of radio sets, kits, parts, furniture,
sge akrerlo as andndafcproroiesophsfor thefor

summerradoseafsroando andpoa

a complete line of auto tires, tubes and supplies,
electrical and wiring material, camping and outing
equipment, tents, golf goods, sporting goods; in
fact, a complete merchandise line to keep business
humming every day, every week and every month
in the year.

NEW LINES
SPRING and SUMMER

RADIO SETS, KITS, PARTS
SHORT WAVE, TELEVI

SION, SPEAKERS,
SUPPLIES, PORTABLE

RADIOS and
PHONOGRAPHS
AUTO TIRES and

ACCESSORIES

ELECTRICAL GOODS
Wiring Fixtures, Etc.

SPORTING GOODS
Outing Clothing, BaseEall,

Golf Goods, Etc.

HOUSEHOLD
SPECIALTIES

Vacuum Cleaners, Phono-
graphs, Electrical Tors

Do You Get Our Catalog?
If you don't receive our catalog, by all means send us a request on your letterhead
to insure getting each new edition as promptly as it comes out. Braun's Big Buyers'
Guide is crammed full of bargains and money -making opportunities that you cannot
afford to pass up.

W. C. BRAUN COMPANY
Pioneers in Radio

600 W. Randolph St., Chicago, Illinois

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



Continental Resistors
Durable dependable, simple in structure and give a

minimum of resistor trouble.

A

414111111111160

Type A for grid leaks and
light power purposes. Will
dissipate 1/2 watt safely.

Types W and X for greater
power dissipation.

All types furnished in any re-
sistance value desired.

In use continuously for a number of years by the
largest manufacturers.

Types E2 and D2 fur-
nished with wire leads
soldered to coppered
ends, are for soldering
permanently into posi-
tion in apparatus where
they are to be used.

E2

Samples for test sent on receipt
of specifications.

CONTINENTAL CARBON INC.
WEST PARK, CLEVELAND, OHIO

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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VALLEY PARTS
Punchings and Castings

Pressings and Deep Drawings
Plating and Spraying

Power and Choke Coils
Transformer Coils

Permanent Magnets
Set and Speaker Parts

Sub -Assemblies of all descriptions
B -Cast Chokes

A -Metal Laminations
Silicon Steel Laminations

THE modern manufacturer of radio equipment
requires a source of supply that is equipped-

in machine and experience-to manufacture parts
and accessories of intricate and exacting design. To
be of most value the fabricator of parts must know
what lies back of the blue print of the parts or
accessories.

We supply that need.

We have served and are continuing to serve the
largest radio manufacturers in the country, and we
are ready to quote you from your blue prints on the
smallest laminations or a complete magnetic circuit
for your Dynamic Speaker.

Our Engineering Department is ready to cooperate
with you in the solution of your problems.

Send in your blue prints.

VALLEY APPLIANCES, Inc.
634 Lexington Ave., Rochester, N. Y.

W. S. Symington,
President

I. G. Maloff,
Vice -President

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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UNBIASED!
As manufacturers of fixed and variable resistors
alike, we are quite unbiased in recommending
resistors to fit any given application.

Our Engineering Staff is prepared to serve your
best interests. It hastens to specify fixed resistors
when there are no variables in your circuit to be
offset by adjustable resistance. It hastens to
specify variable resistors when there are variables
or uncertain quantities that must be balanced by
more or less resistance.

And to back up our engineering recommendations,
we have a resistor for your every requirement.

In variable resistors, the Clarostat line includes every-
thing from the small Volume Control and Grid Leak
Clarostats to the giant Power, Speed Control, and Super -
Power types for heavy-duty application.

In fixed resistors, we have the Clarostat Strip Resistors
ranging from 1 to 3000 ohms, either fixed or with a
sliding contact clamp. These resistors, while standard
in appearance, are vastly improved in details. We are
also prepared to furnish other types of fixed resistors
for heavy-duty service.

Of center -tap resistors, we have the Hum-Dingers-im-
proved center -tap resistors of entirely novel design, avail-
able in all necessary resistance ranges.

Write us for data regarding the complete Clarostat
line. Better still, permit us to cooperate with

you in solving your resistance problems.

Clarostat Manufacturing Company, Inc.
R Ail A Specialists in Radio Aids

285-7 North Sixth St. :-: Brooklyn, N. Y.

C LAR0
When writingwriting to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Loud Speaker Unit
Frame. An ALUMAC
Die Casting. Note the
twoinserts and numerous
hole, (ten in all) cast in
this part.

Radio Engineers use Aluminum
Die Castings for Quality, Speed,

Economy
ALUMAC Die Castings of Alcoa Aluminum have found a wide use in Radio design
-for loud speaker frames, bases and housings, for chasses, condenser frames and
cradles for drum dials, and for cabinets.

There are very definite reasons for the radio engineers' preference for ellumae
Die Cast Aluminum parts: they are light; they are strong-equal strength of
other casting metals with less than half the weight; they possess high electrical
conductivity.

And they are both accurate and economical. The usual tolerance is ±.0015 inch
per linear inch. Holes and inserts may be cast in with a high degree of accuracy.
This eliminates much machining and makes for economy and production speed.

*
In all probability Alumac Die Castings can improve your product and save
you money and labor. It will pay you to talk to one of our Die Casting Specialists
(without obligation, of course). May we send him to you?

ALUMINUM COMPANY OF AMERICA
Aluminum in Every Commercial Form

2469 Oliver Building Pittsburgh, Pa.

fraumisiusl
ALUMAC

DIE CAST1 N GS
For Strength, Witness, Economy

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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POWERIZER
11.01 Cr ell lad
111 per W"4111%

ALItill'ILNIEN

We have in
production
a very mod-
erate priced
line of amp-
lifiers using
the new UX-
245 Tube.
STANDARD UNITS
PX-2 2 Stage -226

and 210.
PXP-210 2 Stage -
226 and Push -Pull
210 Second Stage.
PXP-250 a 3 Stage
PXP-171 amplifier.
of about 41/2-5 watts
undistorted output
with more than usu-
ally balanced output
over the audible tone
range.

Send us your special problems
and we will send you Bulletin
1026-I, together with our
recommendations.

Licensed by
Radio Corporation of America

and Associated Companies

RADIO
RECEPTOR

COMPANY, Inc.
106 SEVENTH AVENUE

New York, N. Y.
307 N. Michigan Blvd.

Chicago, Ill.

Our many years of
tone reproduction ex-
perience is at your
disposal.

As a matter of
economy, we
will try to meet
your inividual
requirements
with our stand-
ard amplifiers.

However, we
will be more
than pleased
to take up
your special
problems.

When writing to advertisers mention of the PROCEEDINGS will be
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The important syllable in
manufacture - is FACT!

Design and build your products with insurance of electrical accurac,-
Here are four instruments that furnish important facts

-protecting prestige and profit.

Model 526
Radio Tube Tester

This is an extremely precise laboratory in-
strument, yet entirely suitable for produc-
tion testing. It
affords quick
and accurate
measurements ,
giving the true
A. C. values of
the tube con-
stants without
the use of
telephone or
other compli-
cated devices.

It will measure the voltage amplification fac-
tor, plate impedance in ohms, mutual con-
ductance in micromhas, and the plate, filament
and grid bias voltage.

Model 322 Microammeter
A laboratory D. C. instrument, made in single,
double and quadruple ranges for the measure-
ment of very small electrical quantities.. Accu-
racy, % of 1 %.

Model 372 Microfaradmeter.
A portable, direct -reading
instrument for capacity meas-
urements where speed and
accuracy are essential. For
A. C. only.

WESTON ELECTRICAL

Model 1 Ohm-
meter. A direct
reading instrument
like an ordinary
voltmeter, offering
speed of operation
in making resis-
tance measure-
ments. May be
operated on ordi-
nary dry cells. No
auxiliary apparatus
required. A most
valuable instrument
for the electrical
manufacturer.

INSTRUMENT CORPORATION
589 Frelinghuysen Ave. Newark, N.J.

lesto4
PIONEERS1-4-41 SINCE 1888

INSTRUME TS
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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The illustration ai ,,ye pictures
the cadmium plated exterior of
the new T.C.A. Audio Trans-
former for 245 power tubes.

Audio Transformers for
Intermediate or Push -
Pull stages.

Output Transformers
Chokes, single or double
Power Transformers or

Power Packs
Input Transformers for

Dynamic Speakers

'I.C.A. is the preferred source
of supply for many makers of
the finest receiving sets. Pri-
marily because the uniformly
high standards of T.C.A.
Transformers measure up to
tkeir exacting requirements.
Fut they have found, too,
tkat dependable deliveries are
a big consideration - and
withal, the cost is no more.

THE NE,
COMPEIITION

\c1o)rn1(p)a rsatt.

ti a sold hrformaaneneo.s t entirely
ythat

competitive demonstration.
Not only does the customer want performance,
but the dealer must have it or lose a sale.
The audio end of the set is where the greatest
difference comes in and the audio transformer
is the key to tone -quality.
Ever alert to stay abreast of this fast moving
industry, T.C.A. already offers authentic trans-
former design to meet the highly special needs
of the new 245 tube.
T.C.A. engineers are ready to offer their as-
sistance to set manufacturers who are con-
fronted by the problem of meeting this new
competition.

Watch for May announcement on T.C.A. de-
velopment, which will interest every set

manufacturer.

THE TRANSFORMER CORPORATION OF AMERICA
2301-2319 So. Keeler Avenue, Chicago, Illinois

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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St. Louis
Chicago

New Type B.T.

ARMORED CONDENSER

A Compact
Precision Tuning

Instrument
The United Scientific Labora-
tories have produced this new
Armored type B.T. Condenser,
to meet the growing demand for
precision combined with rigidity.
No set manufacturer whose spe-
cifications and requirements de-
mand ultra precision, electrical
and mechanical perfection, and
compactness, can overlook this
high grade instrument.

NOTE THESE EXCLUSIVE FEATURES
1.-Rigid frame made of heavy drawn

steel.
2.-Rotors and stators are precision

spaced and soldered.
3.-Accuracy and calibration in gang.

ing is assured by wide spacing be-
tween plates.

4.-Permanent and perfect alignment
of rotors is assured because the
removable shaft is independent of
bearings.

5.-Circuit adjustments are facilitated
by the gradual curve on the mini-
mum capacity adjuster.

6.-Adjustable smooth acting end
thrust and tension fork.

7.-The compactness of this condenser
makes it the most convenient ton-
ing unit made for individual shield-
ing work.

These new type B.T. Armored Condensers are made in single, two
gang, three gang, and four gang units of .00033 mid capacity and lower.

Samples now ready foe delivery. Write for prices
and full information. Watch for further details.

UNITED SCIENTIFIC LABORATORIES, INC.
115-C Fourth Avenue, New York City

Branch Offices for Your Convenience in
Boston Cincinnati Philadelphia London, Ontario

Minneapolis Los Angeles San Francisco

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Continuous Production
Assured
Here

I LLUSTRATING the belt conveyor system by
which the condensers are conveyed from one

operator to another until they finally reach the end
of the system, where they are given a final test, 'and
then packed for shipment. Each operator along the
conveyor belt system has a specialized task to per-
form and as soon as performed, the condenser is
placed upon the continuously moving belt which
carries it on to the next operator, who in turn com-
pletes her special task-this process being repeated
until the final product is completed. This system
is standard throughout the factory, 'there being a
number of these conveyor belt lines in continuous
operation.

The group shown here is one of the many that
makes a completed, tested condenser every six
seconds.

Put your condenser problems up to the FAST
organization of condenser specialists.

3982 Barry Avenue, Chicago, Illinois

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Accepted Wherever

Good Engineering

Prevails

WIRELESS SPECIALTY
APPARATUS COMPANY

Jamaica Plain, Boston

(Eat. 1907 )

ELECTROSTATIC CONDENSERS
FOR ALL PURPOSES

When writing to advertisers mention of the PROCEEDINGS Will be mutually helpful
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Vulcanized Fibre
is only 56 years old
-yet "National"
has been making
it for more than
half a century!
"Nationo I" lays claim to seniority
in the manufacture of vulcan
ized fibre; but we do not hold
our years of experience as our
paramount asset. The knowledge
we have applied to our product
and the thorough understanding
of the electrical industry's needs
are of fsr greater value to cus.
tomer, faan our gray hairs.
We were pioneers in 1873 and
we are still pioneers in 1929 -
invading new fields. helping to
develop new uses and constantly
improving the quality of our
products.

(Vita b best p...ttipal cities
Baltimore Milwaukee
Birmingham New Haven
Beaton New. York
Chicago Philadelphia
Cleveland Pinaburgh
Denver Rochester
Detroit San Francisco
Greenville Seattle
Lo. Angeles St. Louis

Toronto

NATIONALVEUULCAN
TC:

world'. largo,. producer. of rvienired fibre
ee [pun der h.n, ea. h cape pnpn a R

mt.  dollea.n e .....  d.dereni trad pl
told-an...A ht... I eery Owe, rnd and ildhe

HENOLITE,-
lamsnateo BAKELITE

PEERLESS
INSULATION

eprh Inn heenhe depended upon ihrou.h

NATIONAL VULCANIZED FIBRE COMPANY, WILMINGTON, DEL
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XX



SM Receiving Apparatus
Designed for A. C. Screen -

Grid and 245 Tubes
Designed to utilize to the fullest
extent the superior characteristics
of the new alternating -current
heater -type screen -grid tubes as

radio frequency amplifiers, and the
equally advantageous high output
of the new UX245 (CX345) power
tube without the use of high plate
voltages, the 720AC offers at once
an advanced view of 1930 recep-
tion.
LICENSED UNDER PATENTS OF

R.C.A. AND ASSOCIATED
COMPANIES

S -M 720AC
"Ali -Elect -lc"

Screen -Grid Six

Used with the new S -M 669 power supply, the 720AC is a complete all -electric re-
ceiver designed especially to bring out the extreme possibilities of these new tubes.
Price, completely WIRED in 700 two-tone shielding cabinet, less tubes and power unit,
$117.00. Component parts total $78.50; cabinet $9.25 additional. S -M 669 Power
Unit, WIRED, $57.50.
S -M 720 receivers can be changed over at slight cost to the 720AC circuit.

New S -M Matched -Impedance Dynamic Speakers
S -M dynamic speaker units embody
a speaker head of the very finest con-
struction, equipped with S -M 229 out-
put transformer with taps (brought
out to tip -jacks) so that connections
can be instantly altered to match im-
pedance of any standard power tubes,
connected singly or in pushpull.

Power Transformer
S -M 335U power trans-
former, as used in 669
power unit for new A.C.
screen -grid and interme-
diate power tubes, has
one 5 -volt 2 ampere
rectifier filament word-
ing, two 21/4.2V2 -volt 6
ampere filament wind-
ings, and two high volt-
age secondaries. With

one '80 tube, it delivers 300 volts at 100
m.a. With open bracket mounting, as Il-
lustrated, price $15.

S -M 851 (D.C. 110 volts), price
$48.50. S -M 850 (A.C. 110 volts)
uses 1-'80 rectifier tube, with S -M
high -efficiency filter, insuring hum -
free operation with no bucking coils
to impair bass note reproduction.
Price, less tube, $58.50. Prices are
for unmounted speaker units.

Clough A.F. Transformers
Guaranteed absolutely
and unconditionally to
surpass, in their uniform
amplification from 5000
down to 4C to 70 cycles,
any other transformers
on the American market,
these unique instruments
provide also higher am-
plification throughout;
yet the cost is actually
lower for straight-a.f., push-pull, or out-
put types.

Ask for the new Silver -Marshall General Catalog, containing full
description of all the above new products, the new Clough -system
push-pull transformers and many other recently added items- Send
.2e for Data Sheet No. 10, describing the 720AC.

MANUFACTURERS: Ask for samples of the new S -M high -ratio single
and push-pull a.f. transformers for one -stage operation from power detector.

SILVER -MARSHALL, Inc., CHICWAG
862 . JOACKSON BLVD.

- - USA.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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You Can Forget the Condensers, If They Are DUBILIERS'

TYPE 665
A condenser
adapted to radio
transmitters
tube bombard -
ere - high fre-
quency furnaces

Dubilier-the
manufacturers' standard

Why do foremost radio engineers specify Dubilier
condensers? Because they can't afford to take achance-and save a few cents!
They must have the assurance that their sets
are going to stay sold and they know that the
ample factor of safety means long life. That's why

they specify Dubiliers.
Dubilier has been manu-
facturing condensers
since 1913. Surely this
means something.

Consult us in reference
to your problems

Address Dept. 85

r

One of the many hundred
types of Condensers Dubilier
is producing for radio manu-
facturers. Many thousands of
these condensers are being
used in well-known and na-
tionally advertised radio sets.

DubilierCONDENSER
CORPORATION

10 East 43rd Street
New Tork City

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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ELECTRAD
Specializes
In Controls
For Every
Radio Purpose
Including
Television

A
Remarkable

5 -WATT
VOLUME
CONTROL

ELECTRAD announces the perfection of a
new variable high resistance volume control

that will safely dissipate five watts at any posi-
tion of the contact arm.
It is no longer necessary for the radio designer unwill-
ingly to compromise on inferior types of volume con-
trols incapable of carrying the high currents required in
modern receivers.

This new Electrad "five -wetter" is distinctive in principle
as well as appearance. Practically 100% metal construc-
tion for quick heat radiation. The resistance element
is a special graphite paint fused to an enamel base at
high temperature. On test under load it showed after
65,000 oscillations of the contact arm, no perceptible
wear and only minute changes in resistance value.

The contact point is pure silver and of new design. It
literally floats over the resistance element with amazing
smoothness. The contact improves with use owing to a
microscopic deposit of silver on the resistance element.

Uniform variable resistances can be made in values from
200 ohms maximum, up to 100,000 ohms maximum.
Tapered resistances can be made in values from 1,000
dung maximum, to 50,000 ohms maximum. Thus
adequately meeting all usual requirements.

Write for laboratory graphs and sample
for comparative tests under your

own observation.

Dept. P E 4, 175 Varick St., New York

When writing to advertisers mention of the PROCEEDINGS will be mutual/0 helpful.
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Selected and Ordered
BY THE HEADQUARTERS OF THE

BYRD EXPEDITION

We are authorized to state, without qualification, that all
transmitting equipment built by the Byrd Expedition construc-
tors is equipped with Cardwell condensers. Keeping BYRD in
touch with the world, this equipment is daily transmitting thou-
sands of words to the New York Times (WHD), also CARD -
WELL equipped, and in constant touch with the expedition.

CHOSEN BECAUSE THEY ARE
CARDWELL
CONDENSERS

AND KNOWN TO HAVE A HABIT OF COMING THROUGH

Transmitting Condensers For Powers up to 50 K.W. and More
(Fixed and Variable) Receiving Condensers in all Standard Capacities

As SIMPLE, RUGGED and STRONG as condensers can be made
Send for literature

The Allen D. Cardwell Mfg. Corp.
81 Prospect Street, Brooklyn, N.Y.

IF YOUR DEALER DOES NOT STOCK, SEND DIRECT
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Consider First-
The Volume Control

THE volume control of a radio set is one of the
parts most used and subjected to the most wear.
Care must be taken to choose the type that will

give longest, trouble -free service-a type that will not
introduce noise to interfere with the quality of recep-
tion after a short period of service.
Centralab Volume Controls have a patented rocking
disc contact that eliminates all wear on the resistance
material. This feature adds to the smoothness of
operation in that a spring pressure arm rides smoothly
on the disc and NOT on the resistance. The bushing
and shaft are thoroughly insulated from the current
carrying parts. This simplifies mounting on metal
panel or sub base and eliminates any hand capacity
when the volume control is in a critical circuit. Full
variation of resistance is obtained in a SINGLE
TURN of the knob.
Plus these exclusive features, Centralab has carefully
studied every volume control circuit and has built-up
tapers of resistance to fit each application. These
specific resistances are an assurance of a control that
will smoothly and gradually vary the volume from a
whisper to maximum-No sudden cut-offs on distant
signals-No powerful locals creeping through when
control is set at zero.

Write for folder of applications

CENTRAL RADIO LABORATORIES
16 Keefe Ave. Milwaukee, Wis.

A CENTRALAB VOLUME CONTROL IMPROVES THE RADIO SET

When writing to advertisers mention of the PROCEEDI 1GS will be mutually helpful.
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"ESCO"
Synchronous Motors for Television
In addition to building reliable and satisfactory motor generators,
"Esco" has had many years of experience in building electric
motors for a great variety of applications.

Machines for operating 60 -cycle
A. C. Radio Receivers, Loud
Speakers and Phonographs from
Direct Current Lighting Sockets
Without Objectionable Noises of
any Kind.
The dynamotors and motor generators
are suitable for radio receivers and for
combination instruments containing
phonographs and receivers. Filters are
usually required. The dynamotora and
motor generators with filters give as
food or better results than are obtained
rom ordinary 60 -cycle lighting sockets.
They are furnished completely assem-
bled and connected and are very easily
installed.
These machines are furnished with wool -
packed bearings which require very
little attention, and are very quiet run-
ning.
Write for Bulletin No. 243-C.

Synchronous motors, small, com-
pact, reliable, self starting are
now offered for Television equip-
ment. They require no direct
current for excitation, are quiet
running and fully guaranteed.

Other types of motors suitable
for Television may also be sup-
plied.

Write us about your requirements.

Dynamotor with Filter for Radio Receivers

How can "ESCO" Serve You?10 ELECTRIC SPECIALTY COMPANY

TRADE "ESCO" MARK

300 South Street Stamford, Conn.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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EROVO
BUILT BETTER

CONDENSERS AND RESISTORS

PREPAREDNESS PAYS
T is safe to say that during the past year, more tempers were

I ruined, more headaches were caused and more money was lost

because of delayed deliveries than from any other one factor which
causes the hair of purchasing executives and production managers
to grow thin and gray prematurely.

To meet the peak require- of condensers and resistors.
ments of radio receiver manu- To be assured of an unfailing
facturers for quality condensers supply of these units during the
and resistors, the Aerovox plant peak of the manufacturing sea -
has been increased to a total of son, it is important that tentative
45,000 square feet, with every production schedules be ar-

facility to produce, at short ranged for, well in advance of
notice, any reasonable quantity actual requirements.

Quality Condensers and Resistors
T N the Aerovox Wireless Cor- Aerovox mica condensers are
1 poration, radio manufacturers the acknowledged standard mica
will find a dependable source condensers in the industry.
for quality condensers and re- A complete line of resistors
sistors. Aerovox paper con- for every requirement includes
densers are accurate, ruggedly Pyrohm vitreous enamelled re-
made, have a high safety factor sistors in fixed and tapped com-
and are non -inductively wound, binations, Lavite non -inductive
using 100% pure linen paper as resistors, Metalohm grid leaks,
dielectric material. They are wire -wound grid suppressors
thoroughly impregnated and and center -tapped resistors in

protected against moisture. all standard and special values.

A COMPLETE CATALOG containing detailed specifications
of all Aerovox units, including insulating specifications of con-
densers, current -carrying capacities of resistors and all physical
dimensions, electrical characteristics and list prices of condensers
and resistors will be sent gladly on request.

AEROVOX WIRELESS CORP:
80 Washington Street, Brooklyn, N. Y.

PRODUCTS THAT ENDURE
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Dela:Amsco
The Originators

Announce a Complete New Line of

Manufacturers'
"BATH -TUB" CONDENSERS

Single, Double, Triple and Quadruple Types
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Covered by Patents, Patents Pending and Patents Applied For
DeJur-Arasco "Bath Tub" Condensers hold first place for quality at a manu-facturer's price. We can give you the type or unit to meet your particularrequirements. These precise and accurate tuning units are the products of anorganization old in experience, modern in methods, and of a plant manned byexperts and equipped with laboratories and machinery to assure set manu-facturers quality instruments delivered when required.

Highest Grade Materials
Pure aluminum die cast warpless
"Bath Tub" cradle with three point
mounting. Special patent level con-
denser plates. Highest grade spring
ph-sphor contact stampings. Needlebar shafts. Three supports hold stator
plates fixed 'and rigid. Special bear-
ings of new design eliminate binding
and allow free and easy movement of
rotor plates. Compensators allow
easy adjustment to particular sets or
circuits. Grounded shields between
units. All parts plated and highly
finished. Extra heavy shaft and rigid
construction give DeJur-Amsco "Bath
Tub" Condensers that strength to
stand hard use and give long and
efficient service.

The quadruple types are made with or

and Perfect Construction
without dials. All types except the
quadruple with the dial can be
mounted upright or flat.

The Space Saver
Where manufacturing requirements
demand space saving, we call partic-
ular attention to the DeJur-Amsco
Compact Space Saver-a quadruple
unit of .00035 capacity. This unit can
be mounted on an 13 in. panel with a
separate drum dial in the center of the
panel. All other units available in all
capacities.

Let Us Quote
Send us your specifications and let us
quote on your requirements. DeJur-
Amsco assures you quality, price and
on time delivery.

DeuR-Amsco co kp
Condenser Headquarters

Broome & Lafayette Sts., New York City

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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"Let's
go over to

Bill's house
-his set hasn't 'ADENOIDS' . . . ."

IT
is mighty discouraging to realize that your set

doesn't command the same enthusiasm and respect
as that of one of your friends.
But it can be easily corrected. All it needs is an
"adenoid" operation. Simply take out the trouble -
causing inferior transformers and replace them with
one of the AmerTran audio systems.
It doesn't make any difference how old or out of date
it is either, with the AmerTran Power Amplifier (Push -
Pull for 210 tubes) and the ABC Hi -Power Box you
can make your old set as modern as any set regardless

of price-and have the finest toned
set possible commercially.

See your dealer or write to us.

AmerTran DeLuxe Audio
Transformer, (illustrated
above,)Standard of Excel-
lence,lst Stage:Turn Ratio,
3: 2nd Stage; Turn Ratio, 4.
Price, each $10.00.

MERTRAN
AMERICAN TRANSFORMER CO.

83 Emmet St. Newark, N. J.
Transformer Manufacturers For More Than 29 leans

Ii hen writing to advertisers mention of the PROCEEDINss will be mutually helpful.
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INSTITUTE SUPPLIES
EMBLEMS

on.Three styles of Institute emblems, appropriately colored to
are available. The approximate size of each emblem is thatof the illustrations.
indicate the various grades of membership in the Institute,

A a
The lapel button is of 14k gold, the background being

enamelled in the membership color, the lettering beinggold. The button is supplied with a screw back with
jaws which fasten it securely to the coat. This styleemblem can be obtained for $2.75, postpaid, for anygrade.

The pin is also of 14k gold. It is provided with a
safety catch and is appropriately colored for the various
grades of membership. Price, for any grade, $3.00 post-
paid.

The watch charm is handsomely finished on both sides
and is of 14k gold. The charm is equipped with a sus-
pension ring for attaching to a watch fob or chain. Pricefor any grade, $5.00 postpaid.

BINDERS
The binder pictured here contains over threeinches of filing space. It is designed to accommodate

a year's supply of PROCEEDINGS. It serves either as atemporary t 'ansfer binder or as a permanent cover.
It is made of handsome Spanish Grain Fabrikoid inblue and gold. The binder is so constructed that

each individual copy of the PROCEEDINGS will lie flat when the pages areturned. Copies can be removed from the binder in a few seconds and can bepermanently preserved in undamaged condition. Hundreds of these bindersare sold each year. Price, $1.50 each, or $2.00 with the member's name or thePROCEEDINGS Volume Number stamped in gold.

BACK ISSUES OF THE PROCEEDINGS
Back issues of the Proceedings are available in unbound form for the years1918, 1920, 1921, 1922, 1923, and 1926 at $6.75 per year (six issues). Singlecopies for any of the years listed to 1928 are $1.13 each. For 1928 (whereavailable) the single copy price is $0.75. Foreign postage on the volume is$0.60 additional. On single copies $0.10.
A number of individual copies for years other than those listed above areavailable. For a list of these, members should apply to the Secretary.
Bound volumes in Blue Buckram binding are available for the years1920, 1921, 1922, 1923, 1925, and 1926 at $8.75 per year. The bound volumefor 1928 is priced at $9.50. Foreign postage is $1.00 per volume.
Bound volumes, for the above years, in Morocco Leather binding are avail.able at $11.00 each.
These prices are to members of the Institute.

FOURTEEN YEAR INDEX
The PROCEEDINGS Index for the years 1909-1926, inclusive, is available tomembers at $1.00 per copy. This index is extensively cross indexed.

YEAR BOOK
A copy of the current year book will be mailed to each member, when

available. The 1927 and 1928 year books are available to members at $0.75per copy, per year.
When ordering any of the above, send remittance with order to TheSecretary, The Institute of Radio Engineers, 33 West 39th Street, New York,N.Y.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Fixed and Adjustable Resistors
for all Radio Circuits

BRADLEYUNIT-B
RADIO manufacturers, set builders and experimenters demand

reliable resistors for grid leaks and plate coupling resistors.
For such applications Bradleyunit-B has demonstrated its
superiority under all tests, because:

1-Resistance values are constant
irrespective of voltage drop across
resistors.Distortionisthusavoided
2-Absolutely noiseless
3-No aging after long use

Use the Bradleyunit-B in your radio circuits

4-Adequate current capacity
5-Rugged, solid- molded con-
struction
2 -Easily soldered.

RADIOSTAT
This remarkable graphite compression rheostat, and other types
of Allen-Bradley graphite disc rheostats provide stepless, velvet -
smooth control for transmitters, scanning disc motors and other
apparatus requiring a variable resistance.

LABORATORY RHEOSTAT
Type E-2910-for general laboratory servi:e. Capacity 200 watts.
Maximum current 40 amperes. A handy rheostat for any laboratory.

Write for Bulletins Today!

Allen-Bradley Company
282 Greenfield Avenue Milwaukee, Wisconsin 7

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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POWER IS MUSIC
to Radio Engineers

THE radio listening public is entitled to powerful
volume plus undistorted quality output. Radio en-

gineers and radio set manufacturers have worked stead-
ily toward this result, constantly endeavoring to simplify
radio construction. Simplicity without the loss of effec-
tiveness is the keynote of engineering progress.

Now Arcturus announces two new tubes that definitely
improve both volume and tone quality. They add new
power to any A -C set, yet keep the reproduction clear
and undistorted.

These two tubes are the No. 122 Shield Grid Tube and
the No. 145 Power Tube. Both operate from a 2.5 volt
a.c. filament heater potential. A specially prepared tech-
nical bulletin on these new tubes will be sent on request.

Engineering Facts Have a Utility Sig-
nificance to the Broadcast Listener

ARCTURUS
BLUE toNt5.1FE TUBES

ARCTURUS RADIO TUBE COMPANY - Newark, N. J.0
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.

XXXII



I 1 II I 'el )

I

For full utilization of radio energy,
use PYREX Insulators throughout

Perfect transmission or reception demands this.
First: PYREX Antenna, Strain, Entering, Stand-off,
Pillar and Bus -bar Types afford correct selections in
the system.
Second: PYREX Insulators are thoroughly impervious
and compel the radio current to stay where it belongs.

Third: Their super -smooth diamond -hard surface repels
the soot, dirt and moisture deposits that invite leakage
and impair quality, especially in wet weather.

To know important differences between
what your radio system should do and
what it actually does, send for and read
the PYREX Insulator booklet. Then if
your dealer offers an inferior substitute,
insist upon PYREX Insulators and if
necessary, buy from us direct.

CORNING GLASS WORKS
Dept. 63, Industrial and Laboratory Division

CORNING, N.Y.

PYREX
Radio

Insulators

RADIO INSULATORS
1 Product of Corning Glass Yorks

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Potter
Condensers

QUALITY in the Potter Condenser is
given by the use of highest grade paper,
foil and impregnating wax.

LONG LIFE has been attained by man-
ufacture in a factory devoted to the ex-
clusive production of condensers by
special processes.

UNIFORMITY is essential to give best
results in any radio receiver or power
amplifier and is given by careful and
skilled workers. A series of tests dur-
ing the making and rigid inspection con-
trols the production.

ECONOMY does not always come with
the purchase at the lowest price. The
additional cost is an investment that
pays dividends by reducing the repair
charges which are sure to grow if con-
densers fail under operating conditions.

Potter Condensers include a full line
of By -Pass, Filter and Filter Block
Condensers for all of the required
capacities and working voltages.

Special attention is given to manufac-
turers arranging condensers to meet
their requirements. Recommendations
and quotations will be gladly made
covering your condenser problems.

A Condenser Assembly For Every Use

The Potter Co.
North Chicago, Illinois
4 NNW., Orembeilm 41 Tdor *Ma

When writing to advertisers mention of the PROCEEDINGS wilt be mutually helpful.
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Every requisite of fine radio instrument

assembly is met by RCA Radiotrons. Their

high qualities of design and manufacture,

and their uniformity, are accepted as the

standard of the industry.

RADIO CORPORATION OF AMERICA
NEW YORK CHICAGO ATLANTA DALLAS SAN FRANCISCO

RCA HAVEN 011-111t0
MADE BY THE MAKE RS Or THE RADIOLA

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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GA New

Modern
Radio Reception

By CHARLES R. LEUTZ

384 Pages -250 Illustrations -6x9 Fully Bound

SOME OF THE SUBJECTS COVERED
Radio Laboratory Apparatus

Super Heterodynes
A Current Supplies

Short Wave Reception
Vacuum Tubes

Power Packs
Radio Definitions

A/C Tubes
Resistance in Radio

Power Amplification
Radio Frequency Amplification

Long Wave Reception
Radio Measurements

Trouble Finding
Oscillators

Shield Grid Tubes

An ideal book for the radio experimenter, engineer,
service man or anyone interested in broadcast reception.

Price $3.00 Postpaid

Unless you are entirely satisfied, the book can be re-
turned within five days after receipt and your money
will be refunded immediately.

C. R. LEUTZ, Inc.
LONG ISLAND CITY, NEW YORK, U.S.A.

When writing to advertisers mention of the PROCEEDINGS will he mutually helpful.
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Efficient Short Wave Receivers
Must Use Correctly Proportioned

Coils and Condensers

Units Solve the Problem

For universal short wave re-
ception use REL-Cat. 229 Coil
Kit (3 coils and base) and
REL-Cat. 181B Condenser-
adaptable to all circuits-covers
every wavelength from 13-ioo
meters.

For exclusive amateur band re-
ceivers use REL-Cat. 182 Coil
Kit (3 coils and base) and
REL-Cat. 187E Condenser-
adaptable to all circuits-will
give full spread tuning on each
of the popular bands.

Illustrates the REL Cal. -187E combined tank
and vernier condenser-can be used to obtain
full spread coverage of any desired narrow
frequency band.

Illustrates the REL one-piece Bakelite plug-in
coil and base-space wound-heavy enamel cov-
ered wire-positive base contact.

. Full Information Gladly Forwarded upon Request

MANUFACTURES A COMPLETE LINE OF

R E L APPARATUS FOR SHORT WAVE TRANS.
MISSION AND RECEPTION.

,or

RADIO ENGINEERING LABORATORIES
100 Wilbur Ave. Long Island City, N.Y., U.S A.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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PETITION

QUALITYrap
There has been a steady in-

crease in the amount of For-
mica used by the leading elec-
trical manufacturers for many
years.

This increase has been due in
large part to the fact that
cheaper, less reliable materials
have been replaced.
By increasing their material
costs, manufacturers have re-
duced costs due to service, re-
placement and trouble, by a
larger amount.
Steadily growing use of this
non-absorbant, uniform and de-
pendable insulating material, is
proof that it pays to use it.
Quick service from a centrally
located plant on a quality ma-
terial made by an organization
of specialists . . . . that's what
Formica offers.

ORM I CA.
Made from Anhydrous Bakelite 1/esins
SHEETS TUBES RODS

The Formica Insulation Co., 4626 Spring Grove Ave., Cincinnati, Ohio
When writing to advertisers mention of the PROCEF:DI SGS utill be mutually helpful.
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Division of P. R. Mallory & Co., Inc.

This New Elko', Rectifier Eliminates
t he Power Transformer
in Dynamic Speakers

AGAIN Elkon leads the field. The
new Elkon D-29 Power Supply is

the outstanding development of the
year in rectifiers for dynamic speakers.

This remarkable rectifier operates
directly from the AC power line
eliminating the Power Trans-
former and reducing the cost of as-
sembly.

Supplied complete, ready to install, or
the rectifier units (two required on
each speaker) can be sold separately.
Wonderfully efficient, quiet in opera-
tion. The units can be replaced when

necessary as easily as a tube is changed

in a socket.

If you have not already sent us a
sample of your new speaker, do so at
once. We will equip it with the dew
Elkon rectifier and return it to you
promptly.

,-'
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-"-ELKON, Inc. 00 so
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350 Madison Ave.
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The New Improved
DURHAM POWEROHMS

Each succeeding year, more and more important manufacturers of
radio, television and talking movies are standardizing on DURHAMS
-the resistances which are dependable, accurate in rating, and can be
relied upon for long continued and uninterrupted service.
Supplied in 1 and 2 watt types in standard, pig -tail or special tips;
temperature rise at 1 watt is 45°c and at 2 watts 74°c; all types areflash tested at double the rated power load as an extra precaution
against electrical or mechanical weaknesses; extremely rugged construc-
tion; supplied in all ranges from 500 to 200,000 ohms in power types and
from 1 to 100 megohms in resistor types.
Samples for testing gladly sent upon request, together with engineeringdata sheets. Please state ratings in which you are intereted.

RESISTORS & POWEROHMS
International Resistance Company, 2006 Chestnut Street, Philadelphia, Pa.

When writing to advertisers mention of the PROCEEDINGS will he mutually helpful.
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Evolution
in A. C.

Tube Design

1

FLOATING
FILAMENT

TYPE
(No spacing

Insulator)
Quick heating- but heater
often touches
Cathode caus-
ing burnout or
HUM. Posi-
tion of lila-ment not
rigidly fixed

COVERED
FILAMENT

TYPE
(Spacing In-
sulator in con-
tact with full
length of fila-

ment)
Slow heating
- but insula-
tion wears outfilament.

Short life

THE
RAYTHEON

TYPE
(Spacing In-
sulators not in
contact with

filament)
Heats up
quickly - po-
sition of fila-
ment rigidly
fixed-long

life

Why Raytheon
Tubes are "Healthy"

4 -Pillar Con-
struction,
Cross -an-
chored Top
and Bottom.

- 227

UNLIKE any and all other ra-
dio tubes, the relative posi-

tions of all the elements are
permanently maintained in Ray-
theon Tubes and the fragility has
been conquered and eliminated.
Raytheon "Healthy" Tubes cost
you no more-and by longer life,
they should reduce your main-
tenance cost by one-half. Most
important of all-their perform-
ance never varies.

RAYTHEON MANUFACTURING CO.
CAMBRIDGE. MASS.

'111P

-17 Raytheon
-0... LONG LIFE RADIO TUBES All.411bk
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The New
TEMPLE DYNAMIC

Speakers

"They Speak

for
Themselves"

ADD to the approved
and accepted principle

of sound reproduction the
compelling significance of the
Temple name and the result is
a product which again sets a
new standard in speaker excel-
lence.

Temple Dynamics are made
only as Temple can make
them-that means better.

Available to manufacturers in
three chassis models:

Model 10, 110 volt, A.C., 60 cycle
Model 12, 110 volt, A.C., 25 cycle
Model 14, 110 volt, D.C.

Write for full
particulars

TEMPLE CORPORATION
1925 S. Western Ave., Chicago, U. S. A.

LEADERS /N SPEAKER DESIGN

When writing to advertisers mention of the PROCE:DINGS will be mutually helpful.
XLIII



CeCo Type R-
80-full wave
rectifying tube;
high emission,
filament type.
For A, B or C
eliminators and
power packs.

RADIO engineers recog-
nize CeCo Tubes as the

product of infinitely exacting
technical standards. This pro-
fessional judgment is based on
experience with the rare sen-

Listen in on the
CeCo Couriers-

on the air every
Monday evening at

8:30 Eastern time
(7:30 Central time)

over the Columbia Broad-
casting System.

sitivity, the tone quality, and
the power that CeCo's afford
throughout their long life.
Leading radio engineers rec-
ommend the use of CeCo
Tubes in circuits they develop.

Send for the booklet, "Radio Vacuum Tubes"- an interest-
ing description of the various minerals and chemical elements
used in making CeCo Tubes.

CECO Mfg. Co., Inc., Providence, Rhode Island

0 Radio
Tubes

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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II TO .MODERN
TO MANUFAC TUBERS

By rubbing his magic lamp, Aladdin pro-
cured the services of a Genii who sup-
plied him with his every worldly desire.

Operating in a day of new de-
velopments, the modern radio manu-
facturer has need for a real Genii,
capable of supplying him with his
manufacturing wants in line with the
dictates of the
market.

Representativ e
radio firms call
on Scovill to sup-
ply them with
condensers that
are made to their

market requirements. Condensers that
are made of high grade raw material,
and in accordance with latest and most
effective scientific developments. Con-
densers that contribute materially
toward winning consumer preference
for their finished products.

Instead of
rubbing a mag-
ic lamp, how-
ever, they either
telephone, tele-
graph or write-
for a Scovill
representative to
call.

Every step in the manufacture of Scovill Condensers
and radio parts is under strict laboratory supervision.

SCO ILL
MANUFACTURING COMPANY
WATERBURY, CONNECTICUT

NEW YORK
PROVIDENCE
Los ANGELES
ATLANTA

BOSTON
PHILADELPHIA
SAN FRANCISCO

CHICAGO
CLEVELAND
CINCINNATI
DETROIT

In Europe-THE HAGUE, HOLLAND

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

The J. G. White
Engineering Corporation

Engineers-Constructors
Builders of New York Radio

Central
Industrial, Steam Power, and Gas
Plants, Steam and Electric Ra 1.

roads, Transmission Systems.

43 Exchange Place New York

Amy, Aceves & King, Inc.

Consulting Engineers
DESIGN-TEST-DEVELOPMENT

Radio Transmitters, Receivers and Sound
Reproducing Apparatus

Research Laboratories
55 West 42nd Street, New York

Longacre 8579

ROBERT S. KRUSE
Consultant for development of

Short-wave Devices

103 Meadowbrook Road

WEST HARTFORD, CONN.

Telephone, Hartford 45327

BRUNSON S. McCUTCHEN

Consulting Radio Engineer

17 State Street

NEW YORK

Electrical Testing
Laboratories

RADIO DEPARTMENT
also

Electrical, Photometric,
Chemical and Mechanical

Laboratories
80th Street and East End Ave.

NEW YORK, N. Y.

PATENTS
WM. G. H. FINCH

Patent Attorney
(Registered U. S. & Canada)

Mem. I. R. E. Mem. A. I. E. E.
303 Fifth Ave New York

Caledonia 5331

For EXPORT of material
made by:

Allen D. Cardwell Mfg. Corp.
Clarostat Mfg. Co.
Corning Glass Works
Dubilier Condenser Corp.
Elkon, Inc.
Radio Engineering Labs.
Raytheon Mfg. Co.
United Scientific Labs.
Weston Electrical Inst. Corp.

apply to
AD. AURIEMA, INC.

116 Broad Street, New York, N. Y.

JOHN MINTON, Ph.D.
Consulting Engineer

for
Developing - Designing -

Manufacturing
of

Radio Receivers, Amplifiers, Transform-
ers, Rectifiers, Sound Recording and

Reproducing Apparatus.
Radio and Electro-Acoustical

Laboratory
8 Church St. White Plains, N. Y.

When writing to advertisers mention of the PROC EEDI NOS trill be mutually helpful.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

(Continued)

4th Edition
Thoroughly Revised-Up-to-Date

"RADIO THEORY AND
OPERATING"

992 Pages 800 Illustrations
By MARY TEXANNA LOOMIS

President and Lecturer on Radio
Loomis Radio College

Member Institute of Radio Engineers
Price $3.50-Postage Paid

LOOMIS PUBLISHING CO.
Dept. 6, Washington, D.C.

EDGAR H. FELIX
Broadcast Consultant

Federal Radio Commission cases-Broad-
casting Station sales problems-Special
investigations in visual transmission-
Utilization of broadcasting by advertisers.

8 Doremus Avenue
Ridgewood, N. J.

Complete Line of
RADIO PANELS, TUBING,
RODS AND INSULATING

MATERIALS
Drilling, Machining and Engraving to

Specifications
TELEVISION KITS, DISCS, NEON

TUBES, PHOTO ELECTRIC CELLS
AND ALL PARTS
Write for Catalog

Insuline Corp. of America
78-80 Cortlandt St., N. Y.

Cortlandt 0880

Ramsey's Experimental Radio
Third Edition

(xii-229 pages, 51/2 x 71/4, cloth,
152 figures)

A Radio Frequency Manual
Fundamental measurements and

tests.
Review in June 28 Proc. Inst. Rad. Eng.

p. 851
Price $2.75 postpaid

Ramsey Publishing Co.
615 E. 3rd St., Bloomington, Indiana

Radio
Engineers

Your card on this new professional card page
will give you a direct introduction to over 6,000
technical men, executives, and others with im-
portant radio interests.

Per issue- $10.00

If writing to advertisers mention of thc PuocErms6s toll he mutually hcfriul.
XLVII



Alphabetical Index to Advertisements
A

Aero Products, Inc LIIAerovox Wireless Corp. XXVII
Allen-Bradley Co XXXIAluminum Co. of America XIII
American Transformer Co XXIX
Arcturus Radio Tube Co. XXXII

B
Braun, W. C., Co. IX

C
Cardwell, Allen D. Mfg. Corp. XXIVCeCo Mfg. Co., Inc. XLIVCentral Radio Laboratories XXVClarostat Mfg. Co., Inc XIICohn, Sigmund IIICondenser Corp. of America IIContinental Carbon Inc XCorning Glass Works XXXII'

D
De Jur-Amoco Corp XXVIII
Dub!lier Condenser Corp XXIIDudlo Manufacturing Company VIII

E
Electrad, Inc XXIIIElectric Specialty Co XXVIElkon, Inc XXXIX

F
Fast, John E. & Co XVIIIFormica Insulation Co. XXXVIII

G
General Radio Co Outside Back CoverGrebe, A. H. and Co., Inc Inside Back Cover

H
Hammarlund Mfg. Co XLIXI
International Resistance Co XLI. R. E XXXIsolantite Co. of America XLI
Jewell Electrical Instrument Co l

L
L

Lentz, C. R., Inc XXXVI
N

National Vulcanized Fibre Co XX
P

Pacent Electric Co., Inc VIPolymet Manufacturing Corp LIPotter Co., The XXXIVProfessional Engineering Directory XLVI, XLVII
R

Radio Corporation of America XXXVRadio Engineering Laboratories XXXVIIRadio Receptor Co., Inc XIVRaytheon Mfg. Co XLIIRoller -Smith Co VII
S

Scientific Radio Service IVScovill Manufacturing Co XLVSilver -Marshall, Inc XXI
T

Temple Corporation XLIIIThermal Syndicate, Ltd. VThordarson Electric Mfg. Co. ITransformer Corporation of America, The XVI
U

United Scientific Laboratories, Inc XVII
V

Valley Appliances, Inc XI
V7

Weston Electrical Instrument Corp XV
Wireless Specialty Apparatus Co XIX

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
XLVIII



For the
Manufacturer

Who Wants
QUALITY

FINE workmanship, plus fine performance,
characterize the Hammarlund "Battleship"

Multiple Condenser.

Built for the manufacturer who is proud of
and wants a condenser worthy

of it.

Here is real one -dial control! The units
are matched to within 34 of one per cent of
each other. Absolute precision may be ob-
tained by attaching a Hammarlund Equaliz-
ing Condenser to each section. Recesses in
the frame provide for this.

Warpless, die-cast frame; non -corrosive brass
plates; oversize shaft. Convenient terminals
on Bakelite strip beneath the frame.

Made in two capacities (350 mmfd. and
500 nunfd.), two, three and four gangs, at
appealing prices.

Ask Hammarlund to quote on your
condenser requirements

HAMMARLUND MANUFACTURING CO.
424-438 W. 33rd St., New York

I IL, 30N, Berwt "Radio,

4rammarlund
P £C /S/ON

PRODUCTS
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The Jewell
199 Set Analyzer
Solves Dealer Service Problems

pROGRESSIVE radio dealers are converting service liabilities
into business -building assets through the use of Jewell 199 SetAnalyzers. This handy instrument quickly locates set troublesand enables service men to get the best possible results from anyreceiver with minimum effort.

The ease and assurance with which service men are able to locate
troubles when using the Jewell 199 Set Analyzer saves time and creates
a favorable impression with set owners. It also increases the confi-
dence of the customer in the dealer's organization, and paves the wayto more sales.
It is to the advantage of radio set manufacturers to have their dealers
equipped with Jewell 199 Set Analyzers. Every
receiver can quickly be brought up to the high-
est standard in actual service with the result
that every user becomes a booster.
Ask the nearest Jewell Representative to show
you a Jewell 199 Set Analyzer and tell you how
Jewell will help you get one in the fiends of
each dealer.

II

JEWELL ELECTRICAL INSTRUMENT COMPANY
1650 Walnut St., Chicago, III nois

II' 29 YEARS MAKING GOOD INSTRUMENTS
II

11111111111.111141 II ie

II

fin

II

111111111

199 Set Analy per
When writing to advertisers mention of the PROCEEDINGS will'be mutually helpful.



...and Polymet
makes them"
The customer who said that didn't
have to see them, test them, try
them. He knew, from experience.

that if Polymet makes them, they're o. k.
He was buying coils. He needed good coils, promptly de-

livered, at a right price. He knew that Polymet had gone into
the coil business from an announcement he had read. He had
used Polymet Condensers and Resistances before. Confidently,
then, he placed his order for coils with Polymet.

This is the sort of good -will that is a real asset to a busi-
ness. We are proud of ours and intend to keep it intact-to
add to it-to continue our unvarying policy of Polymet Qual-
ity, Service, and Dependability.

Polymet supplies from the largest manufacturers to the
smallest set builders with Quality electric set essentials.

Write for our catalogue.

POLYMET MANUFACTURING CORPORATION
591 Broadway New York City

POLYMET P R O DUCTS
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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THE NEW - AERO
AVEMETER

The Aero Wavemeter was designed for the radio amateur and the
experimenter. It is of rugged mechanical and good electrical con-
struction and meets the exacting requirements of the properly con-
ducted amateur station.
Using the principle of the "series gap", and having a definite fixed
minimum capacity, the amateur wavelength bands are spread over a
great many dial divisions. The velvet vernier dial has 100 divisions,
each of which may be read to one -tenth of a division.
The 5 -meter band covers 40 dial divisions; the 10 -meter, 40 divisions;
20 -meter, 17 divisions and the 40 -meter band, 25 divisions. For the
80 -meter band, two coils are used. One (72 to 82 meters) covers
45 divisions, and the other (80 to 90 meters) covers 65 divisions.
Each coil, excepting the 5-metert uses No. 18 enameled wire tightly
wound into grooves of the bakelite tubing. The tubing has a 351 in.
%sail and is 2 in. in diameter. The Aero heavy duty plugs and jacks
make positive contact. The heavy brass case has a black crackle
finish. The A" black bakelite top is hexagonal shape to prevent
rolling. The indicator is a standard neon lamp. Each wavemeter is
individually hand calibrated. Standard coils are 20, 40 and 80
meters. 5- and 10 -meter coils extra.

Send for literature and prices.

Apt") potODUCTS
INCORPORATED

06.1 CA
R M A

4611 E. Ravenswood Ave., Dept. 2349, Chicago, El.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Another CR-18 Special
Goes Exploring

When the Gifford Pinchot expedition sailed
for the South Seas in March, a Grebe
CR-18 Special was on board. With this pre-
cision short-wave equipment the expedition
is in a position to make interesting studies
of reception in the tropics.

This set pros ides two stages of audio fre-
quency amplification, adaptable to the use of
a power tube. A loud speaker may be operat-
ed by the set. A single adjustment controlsvol-
ume from head set level to full audio output.

A. B. GREBE & CO., INC.
Richmond Hill, N. Y.

Western Branch:

443 So. San Pedro Street. Los Angeles, Calif.

RADIO
\ KERS OF QUALITY RADIO SINCE 1 9e 9
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Measurements requiring the use of impedance -matching pads
and adjustable attenuation networks are becoming increasingly
important.

Since 1915 a manufacturer of low -reactance resistors, the Gen-
eral Radio Company is able to offer a line of networks to the
communications engineer that will fill most of his needs. In
addition the services of its engineering department are avail-
able for the design and manufacture of special-purpose;
equipment.

Your inquiries are invited.

GENERAL RADIO COMPANY
Manufacturers of Electrical and

Radio Laboratory Apparatus

30 STATE STREET CAMBRIDGE, MASSACHUSETTS

GEORGE 11,0A Punt ISHINO COMPANY MENASHA. WISCONSIN


